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Assessment of energy input output relationship, greenhouse gases emission and carbon footprint of diversified jute-rice cropping systems under 
different nutrients and crop residue management practices. 

The inventory was prepared for all inputs required 
for crop cultivation and outputs of crops in cropping systems. 
These inputs and outputs were converted into energy by 
multiplying with energy equivalent coefficient and CO  emission 2

coefficient following standard procedure.

Jute-rice-baby corn cropping system recorded 
-1significantly higher net energy (324 GJ ha ) and energy use 

efficiency (8.02). Among different nutrient and crop management 
-1(NCRM) practices, significantly higher energy output (336.9 GJ ha ) 

-1and net energy (291.4 GJ ha ) recorded 100% NPK with crop 
residue. The highest carbon footprint recorded with rice-rice (0.44 

-1kg COe kg  economic yield) and the lowestwith jute-rice-pea (0.29 
-1kg COe kg  economic yield) cropping system. Among different 

-1NCRM practices, higher carbon footprint was (0.38 kg COe kg  
economic yield) recorded with 100% NPK with crop residue.

The energy efficient and low input required 
cropping systems which include legume crops like garden pea and 
mungbean should be considered for cultivation for diversifying the 
existing rice-rice cropping system in Eastern India.

Key words: Carbon footprint, Crop residue, Energy, Greenhouse 
gases, Jute, Rice

Energy use pattern of diversified cropping systems 
under different nutrient and crop residue management 
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To find out energy efficient and lower carbon footprint of different cropping 
systems under nutrient and crop residue management practices

Five cropping systems grown with different combination of NPK and crop residue

Prepared inventories of inputs
required for production of 
crops and their outputs

Estimation of energy input-output, green house gas emission and carbon footprint

Energy efficient cropping system with lower carbon 
footprint selected for sustaining the agro-ecosystem

Jute-rice-garden pea and jute-rice-baby corn under 75% NPK with crop residue 
were the energy efficient and low carbon footprint cropping systems
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Used energy coefficient 
and CO emission 2 
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production, tillage and fertilizers are the fossil fuel energy 
consumers and contributes about 30% of total energy use in crop 
production (Singh et al., 2008) and in turn increases GHG 
emissions (Soni et al., 2013). According to Janzen et al. (2003) a 
large portion of emission is related to input of fertilizers, manures, 
plant litter, besides various biological and anthropogenic 
processes of the nutrients dynamics in soil. Chaudhary et al. 
(2009) reported reduction in energy efficiency due to energy 
inputs increasing faster than energy outputs. The efficiency of 
energy use can be increased by reducing inputs such as 
reducing the amount of fertilizer and tillage operations, or by 
increasing outputs such as crop yield (Singh et al., 2008; Singh 
et al., 2019). Several studies have evaluated energy balance 
and greenhouse gas emission in different cropping systems but 
there is limited information about cropping systems in 
combination with fertilizers and crop residue management 
practices in jute based cropping system. Hence, this study was 
carried out to determine energy used, CO e emissions and 2

carbon footprint of diversified jute-rice based cropping systems 
under nutrients and crop residues management practices.

Materials and Methods

Experimental design and treatments: A field experiment was 
conducted at Central Research Institute for Jute and Allied Fibre 
Barrackpore, Kolkata, India. The soil was loamy with pH 7.1, bulk 

-3density 1.33 Mgm  and cation exchange capacity 17.2 cmol (p+) 
-1kg . The experiment was laid out in split-plot design with five 

cropping systems viz., rice-rice (R-R), jute-rice-wheat (J-R-W), 
jute-rice-baby corn (J-R-Bc), jute-rice-garden pea (J-R-Gp), jute-
rice-mustard-mungbean (J-R-M-Mu) in  main plot and it was 
superimposed with four nutrients and crop residue management 
(NCRM) practices viz. 75% recommended doses of fertilizers 
(RDF) without (F R ) and with (F R ) crop residue (rice, wheat and 1 0 1 1

-1 -1baby corn @ 4 mg ha ; garden pea and mungbean@ 2 mg ha  
with their respective cropping sequence) and 100% RDF without 
(F R ) and with (F R ) crop residues. All these treatments were 2 0 2 1

replicated thrice. Crops were cultivated following standard 
package and practices, except for the treatments applied.

Energy analysis: To study energy inputs and outputs of 
individual cropping systems, a complete inventory of all crop 
inputs (fertilizers, seeds, plant protection chemicals, fuel, 
human labour and machinery power) and outputs of both main 
and by-products was prepared. The energy value of each 
cropping system was determined based on energy inputs and 
energy production for individual crops in the system. Inputs and 
outputs were converted from physical to energy unit measures 
through published conversion coefficients (Mittal and Dhawan, 
1988; Devsenapathy et al., 2009). Crop residue was not 
included in input energy because crop residue as output was 

-112.5 MJ kg  energy equivalent but there was no information 
about energy equivalent residue as input. Therefore, many 
researchers (Moreno et al., 2011; Pratibha et al., 2015; Lal et 
al., 2019)  did not use crop residue as input source while 
calculating the input energy.

Introduction

The Eastern Indo-Gangetic plain comprise of Eastern 
Uttar Pradesh, Bihar and West Bengal is a predominant rice 
growing area. However, jute is grown as a cash crop in summer 
season (April-July) prior to kharif rice in this region (Mahaparta 
et al., 2012; Kumar et al., 2014). This jute-rice cropping systems 
followed by short duration crops viz., rapeseed, garden pea  
and potato in rabi season. Although, crop intensification and/or 
diversification has resulted in higher production per unit area 
per unit time lead to higher nutrient removal from soil and affect 
soil fertility (Biswas et al., 2006). The sustainability of jute-rice 
based system is a major challenge of this region due to 
imbalanced and increased use of inorganic fertilizer leading to 
decrease in factor productivity and deterioration of soil fertility 
(Timsina and Cornor, 2001). Substitution of inorganic fertilizers 
with renewable source of nutrient like manures, compost and 
crop residues not only help maintain the soil health but also 
reduced the burden of non-renewable source of energy input 
and emission green house gases from production site. 

The practice of using crop residues in the soil 
considerably influences organic matter as well as carbon 
sequestration and thereby helps in maintaining soil organic 
carbon pool (Lal, 2004). But, addition of fresh organic materials is 
are not always eco-friendly due to high C:N ratio and responsible 
for emission of more carbon dioxide during decomposition in the 
environment as compared to FYM or other compost organic 
manures (Ahmad, 2007; Li et al., 2012). One of the promising 
strategies for mitigating GHG emissions from farming is to adopt 
diversified cropping systems where cereal, oilseed, and pulses 
crops are arranged in a well defined crop rotation system (Singh 
et al., 2016). Such systems have been shown to increase energy 
use efficiency (Zentner et al., 2004, Singh and Ahlawat, 2015), 
decrease pest infestation (Krupinsky et al., 2002), improve water 
use efficiency (Miller et al., 2003) and increase net productivity of 
crops (Tanaka et al., 2007). There is a growing interest in reducing 
the carbon footprint of agricultural products, i.e. the total GHG 
emission associated with the amount of grain produced (Williams 
and Wikstrom, 2011). There are many crop management 
practices such as growing crop species having low carbon 
footprint, diversification of cropping systems, using biological 
nitrogen fixation crops, improving nutrient use efficiency of crop 
and crop residue management known to reduce the carbon 
footprint of crop production (Gan et al., 2011). 

The methodology for GHG evaluation is easy where all 
the inputs required for crop production needs to be converted to 
one unit, such as the kilograms (kg) of CO  equivalent (CO e) (Lal, 2 2

2004; Singh et al., 2016 ). Energy inputs and outputs are also 
important factors which affect the energy efficiency and 
environmental impact of crop production. The magnitude of input 
and output energy and consequently the energy efficiency of 
agricultural system varies considerably with farm location 
(weather, soil type), crop rotations use of fertilizers, etc. (Rathke 
et al., 2007). Among different agro-techniques for crop 
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was also observed that biomass production with 75% RDF with 
crop residue (F R ) and 100% RDF without crop residue (F R ) 1 2 0

treatments was statistically at par. The results indicate that equal 
biomass of cropping systems can be produced when 25% of 
nutrients (NPK) requirement of cropping systems is substituted 
by crop residues and in this way the burden on inorganic fertilizers 
and fossil fuel consumption in agriculture system (Choudhary et 
al., 2009) can be reduced. System productivity varied among 
different cropping systems and NCRM. The highest productivity 

-1(14.5 Mg ha ) was found in J-R-Bc cropping system followed by J-
-1R-Gp (9.41 Mg ha ). NCRM practices did not significantly affect the 

-1system productivity but higher productivity (10.4 Mg ha ) was found 
under F R  practice. The system productivity of J-R-Bc cropping 2 1

system recorded the highest followed by J-R-Gp system. As system 
productivity is a function of crop yield and market price of products, 
higher value of crop product with higher yield recorded higher 
system productivity (Kumar et al., 2014). The difference in system 
productivity is due to variation in yield of different crops due to 
variable nutrients management practices and price of 
product/outputs of different crops in cropping systems.

The highest energy input (EI) was recorded in J-R-W 
-1 -1(47.37 GJ ha ) whereas the lowest (38.79 GJ ha ) in double R-R 

cropping system. The J-R-Gp triple cropping and J-R-M-Mu, 
quadruple cropping recorded 14% and 6% lower EI, respectively, 
compared to J-R-W cropping system. Energy requirements for 
cultivation of crops in cropping systems varied due to difference in 
the requirement of inputs for cultivation of crops and EI was 
calculated on the basis of input requirements and energy 
coefficient. The variation in EI among different cropping systems 
like fertilizers, irrigation, tillage operation human labour varied for 
various crops in cropping systems. The J-R-M-Mu, quadruple 
cropping required less EI than J-R-W triple cropping because in 
previous cropping mustard (M) and mungbean (Mu) were sown 
on no tillage. No tillage sowing required less energy than 
conventional tillage only because it required less or almost no 
energy in tillage operation (Singh et al., 2008; Pratibha et al., 
2015). The EI of different field operations also varied with different 
cropping systems (Fig. 2). Fertilizer application shared maximum 
(33.9-42.3%) of total energy input among all farm operations, 
followed by field preparation (16.9-25.5%) and irrigation (15.7-
22.1%) irrespective of cropping system. Among different cropping 
systems, fertilizers application shared 42.3% of EI inJ-R-Bc 
system and minimum 33.9% in J-R-Gp cropping system. 

The share of fertilizers application of total EI in remaining 
other cropping systems were in order: J-R-M-Mu (38%)> JRW 
(37.9%) >RR (34.6%). The minimum share of fertilizer input in J-R-
Gp cropping system was mainly due to less amount of nitrogenous 
fertilizer required by garden pea crop. Garden pea is leguminous 
crop and it fulfills its nitrogen demand by fixing atmospheric 
nitrogen which significantly decreased the use of synthetic 
nitrogen fertilizer. Irrigation recorded the highest shared (22.1%) of 
EI in R-R system, followed by J-R-M-Mu (18.7%), nevertheless, R-
R was double cropping system. It’s because rice required more 
quantity (1500-2500 mm) of water to complete its life cycle and 

1

Estimation of greenhouse gas emissions: The effect of 
different diversified cropping system and nutrient and crop 
residue incorporation practices were assessed by calculating the 
Global warming potential (GWP). GWP is the total set of GHG 
emissions (CO , N O and CH ) produced directly or indirectly in 2 2

crop production and was converted into CO  equivalent (CO e) 2 2

using global warming potential equivalent factors of 1, 21 and 310 
for CO , CH  and N O, respectively, (IPCC, 2006). The amount of 2 4 2

GHG emissions in terms of CO e was estimated by multiplying the 2

input (diesel fuel, chemical fertilizer and pesticide) with its 
corresponding emission coefficient. The emission coefficients 
used in the study as per Lal, (2004) and West and Marland, 
(2002). Besides CO e emission from farm operations in crop 2

production, direct and indirect N O emissions from synthetic 2

fertilizer application and N O released during decomposition of 2

crop residues left in the soil were also estimated by IPCC 
methodology (IPCC, 2006). Direct (emission factor) and indirect 
N O emission (fraction of leaching and volatilization) was 2

calculated as per Bhatia et al. (2004).

Carbon budgeting: Total carbon input was calculated by 
summing up  all input used in crop production after converting it 
into carbon equivalent. Total carbon output was calculated by 
multiplying total dry biomass (grain+ straw+root) yield with factor 
0.4 (Lal, 2004). Carbon sustainability index (CSI) was calculated 

-1by dividing the carbon output (kg Ceha ) by carbon input (kg 
-1Ceha ). The carbon footprint was calculated by  dividing total 

-1 -1carbon emission (kg Ceha  ) by economic yield (kg ha ) of a  crop  
as per methodology given by Ma et al. (2012)

Statistical analysis: Biomass yield, economic yield and all 
parameters of energy and carbon output were analyzed using 
ANOVA for a split-plot design using SPSS16 software (IBM Inc). 
The assumptions of ANOVA were satisfied for all parameters. 
Tukey’s studentized range test (HSD) used as post hoc while 
doing multiple comparisons for means for main plot, sub-
plottreatments and interaction between main plot and sub-plot 
treatments at significance level P <0.05.

Results and Discussion

Total biomass (economic yield+straw/stalk+root) 
production of different crops as well as cropping systems varied 
under nutrients and crop residue management practices (Fig.1). 

-1Higher total biomass was recorded with J-R-Bc (35 Mg ha ) 
-1followed by J-R-W (33 Mg ha ) cropping system. Total biomass 

production of different crops and cropping systems differed 
because of their genetic potential and management practices. 
Rice, wheat and baby corn had higher capacity to produce total 
biomass compared to garden pea, mustard and mungbean crops. 
Among nutrients and crop residue management practices, F R  2 1

recorded comparatively higher total system biomass than others. 
Biomass production under NCRM practices recorded higher 
because of proper supply of nutrients to all crops in system that 
favours plant growth and development (Parihar et al., 2017). It 

4
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comparatively higher irrigation for summer/dry season rice. 
Significant variation in energy output (EO) was recorded among all 
cropping systems and NCRM practices (Table 1). Significantly 

-1(P<0.05) higher EO was recorded in J-R-Bc (370.5 GJ ha ) 
compared to other cropping systems. Energy output from J-R-W 

-1 -1(355 GJ ha ) and J-R-M-Mu (345.8 GJ ha ) was at par but was 

significantly higher than J-R-Gp (298.9 GJ ha ). The lowest carbon 
-1output (254.3 GJ ha ) was recorded with R-R cropping system. 

Since, EO is function of total biomass (grain+ straw/stalk/sticks+ 
root) and energy equivalent, biomass production directly 
influenced the EO. Biomass production varied among the crops, 
variation in EO, was recorded in different cropping systems. 

-1

Field preparation
Interculture
Harvesting and processing

Fertilizers
Irrigation

Seed & sowing
Pesticides

JRMMu

JRGp

JRBc

JRW

RR

0.0 20.0 40.0 60.0 80.0 100.0

Fig. 2: Field operation wise energy use pattern in different cropping system under RDF: J: Jute; R-Rice; W-Wheat; Gp-Garden pea; Bc-Baby corn; M-
Mustard and Mu-Mungbean.

Fig. 1: System productivity and total biomass of the cropping system ( economic+ straw+ root dry biomass) under different cropping system and nutrient 
and residue management practices. (J-Jute, R-Rice, W-wheat, Gp-Garden pea, Bc-Baby corn; M-Mustard, Mu-Mungbean ; F1-75% NPK; F2-100% 
NPK; R0-No residue; R1-residue incorporation;) Means followed by similar letters (Capital letter for main plot and small for sub plot comparison) within a 
column are not significantly different at P < 0.05 according to Tukey’s HSD test.).
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-1seed bed preparation (104 kg COe ha ) and irrigation practices 
-1(76.4 kg COe ha ) were in J-R-M-Mu cropping system. CO  

emission of pesticide application (herbicide + insecticide + 
-fungicides) was recorded higher in J-R-M-Mu (65.33 kg COe ha

1 -1), followed by J-R-W cropping system (56.3 kg COe ha ). The 
-1highest CH  based CO  emission (1139.9 kg COe ha ) in R-R 4 2

cropping system was compared with other cropping systems 
-1(Table 2), while, N O based CO  emission (633.6 kg COe ha ) 2 2

was higher in J-R-M-Mu cropping system. 

The R-R (rice-rice) cropping system is known to be 
exhaustive system in term of utilization of resources like water, 
nutrient and energy. Rice crop was planted on puddle soil and 
kept under waterlogged conditions which emits CH  (Shang et al., 4

2011). However, in the present study, was practised alternate 
drying and wetting in R-R system, hence, relatively less CH  4

emission was found (Adhya et al., 2000). But, here, two 
continuous rice crops were grown in R-R cropping system 
resulted in higher CH  emission. Jute while retting process also 4

-1 emit CH  but very negligible amount  i.e. 5 g CH4 kg fibre has 4

been reported by Palit (2000). The GWP of J-R-M-Mu cropping 
-1system was 1775.9 kg COe ha  followed R-R cropping system 

-1(1677.6 kg COe ha ). 

The highest total GWP was recorded with J-R-M-Mu 
-1 -1(4181 kg COe ha ) followed by J-R-W (4176 kg COe ha ) and R-R 
-1 -1(4161 kg COe ha ) and the lowest in J-R-Gp (3487.9 kg COe ha ) 

under 100% NPK with crop residue incorporation practices. The 
GWP of all practices was higher in J-R-M-Mu system (which was 
only 5.5% higher than R-R double cropping system, though, the 
former system had four crops in sequence compared to two in 
later system. The GWP of J-R-M-Mu system was comparatively 
not too high in spite of four crops in sequence, which required 
more inputs like, irrigation; pesticides and labours. GWP of R-R 
system indicated the input intensive system which required high 
fertilizer, tillage and water. Moreover, in J-R-M-Mu system, 

2

Among NCRM practices, significantly (P<0.05) higher energy 
-1output (336.9 GJ ha ) was recorded with F R  compared to all 2 1

-1other NCRM treatments. Energy output from F R  (324.7 GJ ha ) 1 1
-1 -and F R  (324.2 GJ ha ) was at par but higher in F R  (313.9 GJ ha2 0 1 0

1). Significantly higher (P<0.05) net energy and total energy use 
efficiency was recorded in J-R-Bc cropping system compared to 
others cropping systems. Among NCRM practices significantly 
higher NE and EUEt was recorded when 75% NPK applied with 
crop residues compared to higher dose, i.e., 100% NPK alone or 
with crop residues. Energy use efficiency of grain (EUEg) was 
significantly higher in J-R-M-Mu compared to all other cropping 
system and it was at par with J-R-Bc and F-R-R cropping systems 
(Table 1). Among NCRM practices, higher EO and net energy was 
recorded with 100% NPK with crop residue, but EUEt, EUEg and 
EP was highest in 75% NPK with crop residue. These results 
indicate that substitution of 25% NPK/fertilizer with different crop 
residues, which are non-renewable source of energy, can be 
enhanced by EUE (Chaudhary et al., 2009; Pratibha et al., 2015; 
Singh, 2017). Moreover, this will also reduce the burden on 
inorganic fertilizers which contribute maximum to EI major energy 
input and consumed fossil fuel as well for its production, 
processing and distributions. Significantly higher energy 
profitability (Ept) was recorded with J-R-Bc compared to all other 
systems but it was at par with by J-R-M-Mu cropping system.

Specific energy was significantly higher in J-R-Bc 
cropping system compared to other cropping system. Among 
NCRM practices significantly higher SE was recorded in 75% 
NPK with crop residue compared to others and it was at par with 
100% NPK with crop residue management practices. The 
average data of three years of different cropping systems for 
field operation indicated that irrigation practice recorded higher 

-1CO e emission (177.4 kg Coe ha ) in R-R cropping system 2
-1while seed bed preparation recorded higher (140.8 kg COe ha ) 

CO e in J-R-W cropping system compared to other remaining 2

cropping system (Table 2). The lowest CO e emission from 2

Table 1: Energy use pattern of different cropping systems under nutrient and residue management practices

-1 -1Treatments EI (GJ ha ) EO (GJ ha ) NE ( ) EUEt EUEg EP SE (t )

Cropping systems (CS)
A A A B A AF-R-R 38.79 254.3 215.5 6.56 3.21 5.56 0.22
C B B B B BJ-R-W 47.34 355.0 307.7 7.52 3.04 6.52 0.28
D D C AB C CJ-R-Bc 46.15 370.5 324.3 8.04 3.12 7.04 0.62
B B B A B BJ-R-Gp 39.68 298.9 259.3 7.54 2.97 6.54 0.42
C C B B C BJ-R-M-Mu 43.95 345.8 301.8 7.88 3.24 6.88 0.35

Nutrient and crop residue management practices (NCRM)
a a c b d aF R 40.89 313.9 273.0 7.64 3.10 6.64 0.371 0

b b d c c bF R 41.13 324.7 283.6 7.87 3.26 6.87 0.391 1

b ab a a a aF R 45.24 324.2 278.9 7.14 3.00 6.14 0.362 0

c c b b b abF R 45.47 336.9 291.4 7.38 3.11 6.38 0.382 1

EI- Energy Input, EO- Energy output, NE- Net energy, EUEt- Total energy use efficiency, EUEg- Energy use efficiency (grain), J-Jute; R-Rice; W-Wheat; Bc-
Baby corn; Gp- Gaden pea; M-Mustard and Mu-Mungbean; F -75% NPK; F -100% NPK; R -No residue; R -Residue incorporation; Means followed by similar 1 2 0 1

letters (Capital letter for main plot and small for sub plot comparision) within a column are not significantly different at P < 0.05 according to Tukey’s HSD test

-1 -1GJ ha GJ
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Table 3: Carbon input, carbon output, carbon  efficiency (CE)  and  carbon sustainable index (CSI) of different cropping system and under nutrient and 
residue management practices

-1C input (kg C ha ) C output ( kg C ha ) CE CSI

Cropping systems (CS)
A A AR-R 1037.4 8371.9 8.11 7.11

D C CJ-R-W 1036.6 13358.8 12.96 11.96
E D DJ-R-Bc 982.6 14192.0 14.51 13.51
B D DJ-R-Gp 850.9 12298.4 14.52 13.52
C B BJ-R-M-Mu 1016.0 12745.1 12.61 11.61

Nutrient and crop residue management practices (NCRM)
a d dF R 878.8 11848.3 13.61 12.611 0

b c cF R 953.7 12178.5 12.82 11.821 1

b b bF R 1015.8 12168.9 12.13 11.132 0

c a aF R 1090.7 12577.4 11.61 10.612 1

J-Jute; R-Rice; W-Wheat; Bc-Baby corn; Gp-Garden pea; M-Mustard and Mu-Mungbean; F -75% RDF/NPK; F -100% RDF/NPK; R -No residue; R -1 2 0 1

residue incorporation; Means followed by similar letters within a column are not significantly different at P < 0.05 according to Tukey’s HSD test

-1

Table 2: CO  equivalent emission from various sources/ practices in different cropping systems2

Practices R-R J-R-W J-R-Bc J-R-Gp J-R-M-Mu

Seed bed preparation and sowing 123.3 140.8 119.4 134.7 104.7
Irrigation (diesel) 177.4 99.3 90.4 90.4 76.3
Pesticide application
Herbicide 18.9 28.4 28.4 23.6 25.2
insecticide 7.7 11.5 10.2 7.7 15.3
Fungicide 11.7 8.8 10.7 12.7 14.6
Application 5.1 7.6 7.6 7.6 5.1
CH  based CO  emission 1139.9 884.9 884.9 884.9 884.94 2

N O based CO  emission      2 2

Direct 188.9 464.5 454.6 490.8 633.6
Indirect 4.8 11.9 11.6 12.6 16.2

-1GWP (kg CO e ha ) 1677.6 1657.6 1617.9 1665.0 1775.92

Nutrient and crop residue management practices (NCRM)
F R 1769.1 2479.9 2308.5 1794.1 2200.11 0

(3446.7) (3425.4) (3216.0) (2752.3) (3270.4)
F R 1906.2 2788.5 2617.0 2102.6 2508.61 1

(3583.8) (3596.7) (3467.6) (3136.9) (3698.8)
F R 2346.4 3291.6 3063.0 2377.1 2914.42 0

(4024.0) (4004.9) (3738.5) (3103.2) (3752.5)
F R 2483.5 3600.1 3371.5 2685.6 3222.92 1

(4161.1) (4176.3) (3989.9) (3487.9) (4181.0)

J-Jute; R-Rice; W-Wheat; Bc-Baby corn; Gp-Garden pea; M-Mustard and Mu-Mungbean; F -75% NPK; F -100% NPK; R -No residue; R -Residue 1 2 0 1

incorporation; Data in parentheses is total GWP i.e GWP other source + GWP from fertilizer and residue practices

mustard and mungbean was raised on zero tillage and thereby 
reduced the emission of CO e by reducing operation time of 2

tractor, machinery and consumption of diesel. Moreover, J-R-M-
Mu system had four crops in sequence cover the soil almost 
whole year and led to less anthropogenic emission of N O and CO 
e from the soil (Gan et al., 2014).

Mungbean requires less quantity of nitrogenous fertilizer 
because it is a leguminous crop that fixes atmospheric nitrogen to 

fulfill it nitrogen demand. Further,  content of crop residue 
(root and fallen leaves and straw) which left over, recycled in the 
field provides some nutrient to succeeding crop also (Janzen et 
al., 2003; Gan et al., 2010). The highest total GWP was also 
recorded with J-R-M-Mu and the lowest in J-R-Gp under 100% 
NPK with crop residue incorporation practices. Comparatively 
lower in J-R-Gp was because, pea in cropping system is 
legume crop and reason same as stated for mung bean. Among 
NCRM practices, 100% NPK with crop residue incorporation 

nitrogen
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practices (F R ) recorded higher CO e emission (3222.9 kg 2 1 2
-1COe ha ) as compared to other NCRM practices (Table 6). Crop 

residue increases CO  emission while it decomposition (Gan et al., 2

2009; Goglio et al., 2014). 

Carbon input and output also varied among different 
cropping systems and NCRM practices (Table 3). Comparatively 
more carbon input was required for R-R system and less for J-R-
Gp system. Among NCRM practice, carbon input was higher with 
F R  as this treatment had comparatively higher quantity of 2 1

fertilizers and residues than other NCRM practices. Higher 
carbon input with F R  due to higher quantity of fertilizers and 2 1

residues used in this treatment than other NCRM practices. 
Carbon output was significantly higher in J-R-Bc compared to other 
cropping system and the lowest carbon output was in R-R system. 
Among NCRM practices, significantly (P<0.05) higher carbon 
output was recorded in F R , however, carbon output in F R  (75% 2 1 1 1

NPK + crop residues) and F R  (100% RDF without crop residue) 2 0

was statistically at par (Table 3). The carbon output is function of 
total biomass (root+shoots+grain) produced by the crops and 
cropping system. Since higher biomass was produced in J-R-Bc 
system this system recorded higher carbon output.

Among NCRM practices, higher carbon output was 
recorded in F R , as higher nutrient dose increased the total 2 1

biomass of crops. The carbon output in 75% NPK with and without 
crop residue was statistically at par. This finding indicate that 
substitution of 25% nutrient from crop residues increased the 
carbon output by increasing the crop yield, biomass by improving 
soil health. Average across years, carbon efficiency (CE) was at 
par between J-R-Gp (14.52) and J-R-Bc (14.51) cropping 
systems, but significantly higher than other cropping systems. 
The lowest CE (8.11) was recorded in R-R cropping system 
(8.11). Among different NCRM practices, F R  recorded 1 0

significantly higher carbon efficiency (13.61) compared to other 
practices. The lowest CE was recorded with F R  (11.61). Among 2 1

different NCRM practices, F R  recorded higher carbon efficiency 1 0

and F R  i.e. 100% RDF with crop residue recorded lower carbon 2 1

efficiency. Carbon sustainability index (CSI) recorded 
significantly higher J-R-Gp (13.52) compared to other systems, 
but was at par with both J-R-Bc (13.51). 

Among different NCRM practices, F R  recorded higher 1 0

CSI (12.61) compared to other practices. This higher CSI and CE 
were due to higher car

. The lowest carbon 
-1foot print (0.27 kg CO e kg  yield) was observed in 75% NPK without 2

-1 crop residue, while the highest carbon foot print (0.47 kg COe kg
yield) under 100% NPK with crop residue incorporation practices 
(Fig. 3). Among NCRM practices, in general carbon footprint was 

-1almost similar (0.345 and 0.349 kg CO e kg  yield) in 75% NPK with 2

and without crop residue, respectively. 

As carbon footprint is a function of economic yield per unit 
of carbon input used. The input like crop residue emits CO  while 2

decomposition and increases GWP but   unable to substantially 
increase the economic yield of crops in cropping systems which 
can nullify the amount of emission. As carbon footprint  was 
calculated on the basis of three years of yield data  the carbon 
footprint was higher in this study. However, in long run adopting 

bon output with low carbon input. It means 
that crop residue could not substantially increase the biomass of 
crops to overcome the carbon input. Higher CE indicates more 
efficient use of carbon. Carbon footprint is also influenced by 
different cropping systems and NCRM practices (Fig. 3). 

-1Comparatively higher carbon footprint (0.44 kg CO e kg  yield) was 2

recorded with R-R cropping system under all NCRM practices. The 
-1lowest carbon footprint (0.28 kg CO e kg  yield) was recorded 2

with J-R-Gp system under all NCRM practices
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Fig. 3: Carbon foot print of different cropping system under nutrient and crop residue management practices. (J-Jute; R-Rice; W-wheat; Bc-Baby corn; 
Gp-Garden pea;  M-Mustard and Mu-Mungbean; F1-75% NPK; F2-100% NPK; R0-No residue; R1-residue incorporation).
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this practices  improves soil health and carbon sequestration 
thereby carbon foot print of cropping system (Lal, 2004; Kumar et 
al. 2019). Moreover, high rainfall and temperature of this region 
(eastern Indo-gangetic plain) may not allow to increased carbon 
content in soil as much as it should have been to substantial 
increase in economic yield.

From present investigation, it can be conclude that jute-
rice-baby corn (J-R-Bc), jute-rice-garden pea (J-R-Gp) or jute-
rice-mustard-mungbean(J-R-M-Mu) under 75% NPK with crop 
residue incorporation in soil can be energy efficient, 
environmental sustainable and low carbon foot print cropping 
systems.
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