Table A1: Energy equivalents of various inputs and output of oat-grasspea cultivation
	Particulars
	Unit
	Equivalent energy (MJ)
	References

	Inputs

	Adult man
	Man hour
	1.96
	Sadorsky (2006)

	Bullock (medium size-body weight:  352-450 kg)
	Pair hour
	10.10
	Mittal et al. (1985)

	Diesel
	Litre
	56.31
	Mittal et al. (1985)

	Electricity 
	KW
	11.93
	Mittal et al. (1985)

	Machinery/ Electric motor (tractor, power tiller, pump etc.)
	kg
	64.80
	Devasenapathy et al. (2009)

	Farm machinery (sprayer etc.)
	kg
	62.70
	Mittal et al. (1985)

	N
	kg
	60.60
	Mittal et al. (1985)

	P2O5
	kg
	11.10
	Mittal et al. (1985)

	K2O
	kg
	6.70
	Mittal et al. (1985)

	FYM
	kg
	0.30
	Devasenapathy et al. (2009)

	Vermicompost
	kg
	0.30
	Devasenapathy et al. (2009)

	Mustard oilcake
	kg
	0.30
	Devasenapathy et al. (2009)

	Plant protection chemicals (herbicides and other pesticides)
	kg or litre
	120.00
	Mittal et al. (1985)

	Oat seed
	kg
	16.25
	Nassir et al. (2021)

	Grasspea seed
	kg
	14.70
	Mittal et al. (1985)

	Outputs

	Oat grain
	kg
	14.55
	Nassir et al. (2021)

	Grasspea seed
	kg
	14.70
	Mittal et al. (1985)

	Oat stover
	kg
	17.90
	Devasenapathy et al. (2009)

	Grasspea stover
	kg
	12.50
	Mittal et al. (1985)


MJ, Mega-Joule; kg, kilogram; KW, Kilowatt














Table A2: Yield from oat-grasspea cultivation (Mean of two years)
	Treatment combinations
	Grain yield (q ha-1)
	Straw yield at harvest (q ha-1)
	Dry matter yield at 60 DAS (q ha-1)

	
	Oat 
	Grasspea
	Oat 
	Grasspea
	Oat 
	Grasspea

	CS1N1
	10.04
	-
	9.72
	-
	19.21
	-

	CS1N2
	10.63
	-
	8.41
	-
	20.95
	-

	CS1N3
	10.99
	-
	10.12
	-
	21.95
	-

	CS1N4
	11.05
	-
	9.06
	-
	21.61
	-

	CS2N1
	-
	10.45
	-
	14.84
	-
	-

	CS2N2
	-
	11.18
	-
	17.17
	-
	-

	CS2N3
	-
	12.44
	-
	21.00
	-
	-

	CS2N4
	-
	11.10
	-
	21.37
	-
	-

	CS3N1
	7.11
	2.88
	6.85
	5.40
	13.77
	-

	CS3N2
	8.18
	3.15
	6.34
	5.59
	14.39
	-

	CS3N3
	8.93
	3.55
	6.50
	6.38
	15.11
	-

	CS3N4
	7.75
	3.48
	7.16
	6.35
	14.59
	-

	CS4N1
	6.65
	4.08
	4.93
	7.43
	12.67
	

	CS4N2
	6.73
	4.20
	6.32
	8.45
	12.73
	-

	CS4N3
	8.15
	5.26
	7.13
	9.28
	15.21
	-

	CS4N4
	6.91
	4.84
	6.15
	8.21
	12.05
	-


q, quintal; ha, hectare
Table A3: Common energy input used for various operations in oat-grasspea cultivation
	Sl. No.
	Field operations
	Energy sources
	Amount
	Calculation (in MJ)
	Energy input (MJ ha-1)

	1.
	Land preparation
	Land preparation by tractor
	2 times × 5 h = 10 h
	[Wt. of Tractor (kg) / Life span (hrs.)] × MJ × hours of operation = [2500/12000] × 64.80 × 10 = 135 MJ
	
135


	
	
	Cultivator
	2 times × 5 h = 10 h
	[Wt. of Cultivator (kg) / Life span (hrs.)] × MJ × hours of operation = [400/6000] × 64.80 × 10 = 43.2 MJ
	43.2

	
	
	Diesel consumption (4 l h−1)
	For 10 h
	4 × 10 × 56.31 MJ 
= 2252.4 MJ
	2252.4

	
	
	Driver (Human)
	1 MU (Men)
	1 × 10× 1.96 MJ = 19.6 MJ
	19.6

	
	
	Laddering with bullock drawn wooden ladder
	12 h
	12 × 10.10 MJ = 121.2 MJ
	121.2

	
	
	Driver (leveller)
	1 MU (Men) for 12 hours
	1 × 12 × 1.96 MJ = 23.52 MJ
	23.52

	
	
	Lay out, channel preparation, weeding and stubble removal
	10 MU (Men)
	10× 8 × 1.96 MJ = 156.8 MJ
	156.8

	2.
	Intercultural operation
	Weeding, thinning and gap filling (Labours)
	11 MU (Men)
	11 × 8 × 1.96 MJ = 172.48 MJ
	172.48

	3.
	Irrigation
	Water lifting pump (Electricity driven)
	24 h
	[Wt. of the engine (kg) / Life span (hrs.)] × MJ × hours of operation = [75/26280] × 64.80 × 24 = 4.43 MJ
	4.43

	
	
	Electricity consumption 
(0.75 KW h−1)
	For 24 h
	0.75 × 24 × 11.93 MJ = 214.74 MJ
	214.74

	
	
	Application
	1MU (Men)
	1 × 8 × 1.96 MJ = 15.68 MJ
	15.68

	4.
	Harvesting, bundling, carrying (Labours)
	15 MU (Men)
	15 × 8 × 1.96 MJ = 235.2 MJ
	235.2

	5.
	Threshing, drying and storage (Labours)
	15 MU (Men)
	15 × 8 × 1.96 MJ = 235.2 MJ
	235.2

	
	TOTAL
	
	
	3629.45 


MJ, Mega-Joule; h, hour; l, litre; MU, Man unit (1 MU = One man working for 8 hrs. per day); kg, Kilogram 



Table A4: Treatment wise variable energy input used for different operations in oat-grasspea cultivation
	Treatment combinations
	Energy sources
	Amount
	Calculation (in MJ)
	Energy input (MJ ha-1)
	Total 
(MJ ha-1)

	CS1N1
	Seed
	100 kg
	100 × 16.25 = 1625 MJ
	1625
	7924.44

	
	Nitrogen (Fertilizer)
	80 kg
	80 × 60.6 = 4848 MJ
	4848
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Application of fertilizers (Labours)
	8 Men for 8 h
	8 ×8 × 1.96 = 125.44 MJ
	125.44
	

	
	Sowing (Labours)
	25 Men for 8 h
	25 × 8 × 1.96 = 392 MJ
	392
	

	CS1N2
	Seed
	100 kg
	100 × 16.25 = 1625 MJ
	1625
	9383.8

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	FYM 
	8800 kg
	8800 × 0.3 = 2640 MJ
	2640
	

	
	Application of fertilizers and FYM (Labours)
	10 Men for 8 h
	10 × 8 × 1.96 = 156.8 MJ
	156.8
	

	
	Sowing (Labours)
	25 Men for 8 h
	25 × 8 × 1.96 = 392 MJ
	392
	

	CS1N3
	Seed
	100 kg
	100 × 16.25 = 1625 MJ
	1625
	7743.5

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Vermicompost
	3384.6 kg
	3384.6 × 0.3 = 1015.38 MJ
	1015.38
	

	
	Application of fertilizers and vermicompost (Labours)
	9 Men for 8 h
	9 ×8 × 1.96 = 141.12 MJ
	141.12
	

	
	Sowing (Labours)
	25 Men for 8 h
	25 × 8 × 1.96 = 392 MJ
	392
	

	CS1N4
	Seed
	100 kg
	100 × 16.25 = 1625 MJ
	1625
	6971.26

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Mustard oilcake
	862.75 kg
	862.75 × 0.3 = 258.82 MJ
	258.82
	

	
	Application of fertilizers and mustard oilcake (Labours)
	8 Men for 8 h
	8 ×8 × 1.96 = 125.44 MJ
	125.44
	

	
	Sowing (Labours)
	25 Men for 8 h
	25 × 8 × 1.96 = 392 MJ
	392
	

	CS2N1
	Seed
	50 kg
	50 × 16.25 = 735 MJ
	735
	2827.2

	
	Nitrogen (Fertilizer)
	20 kg
	20 × 60.6 = 1212 MJ
	1212
	

	
	Phosphorus (Fertilizer)
	40 kg
	40 × 11.1 = 444 MJ
	444
	

	
	Potassium (Fertilizer)
	30 kg
	30 × 6.7 = 201 MJ
	201
	

	
	Application of fertilizers (Labours)
	3 Men for 8 h
	3 ×8 × 1.96 = 47.04 MJ
	47.04
	

	
	Sowing (Labours)
	12 Men for 8 h
	12 ×8 × 1.96 = 188.16 MJ
	188.16
	

	CS2N2
	Seed
	50 kg
	50 × 16.25 = 735 MJ
	735
	3215.56

	
	Nitrogen (Fertilizer)
	15 kg
	15 × 60.6 = 909 MJ
	909
	

	
	Phosphorus (Fertilizer)
	40 kg
	40 × 11.1 = 444 MJ
	444
	

	
	Potassium (Fertilizer)
	30 kg
	30 × 6.7 = 201 MJ
	201
	

	
	FYM 
	2200 kg
	2200 × 0.3 = 660 MJ
	660
	

	
	Application and mixing of fertilizers and FYM (Labours)
	5 Men for 8 h
	5 × 8 × 1.96 = 78.4 MJ
	78.4
	

	
	Sowing (Labours)
	12 Men for 8 h
	12 ×8 × 1.96 = 188.16 MJ
	188.16
	

	CS2N3
	Seed
	50 kg
	50 × 16.25 = 735 MJ
	735
	2793.72

	
	Nitrogen (Fertilizer)
	15 kg
	15 × 60.6 = 909 MJ
	909
	

	
	Phosphorus (Fertilizer)
	40 kg
	40 × 11.1 = 444 MJ
	444
	

	
	Potassium (Fertilizer)
	30 kg
	30 × 6.7 = 201 MJ
	201
	

	
	Vermicompost
	846.15 kg
	846.15 × 0.3 = 253.84 MJ
	253.84
	

	
	Application and mixing of fertilizers and manure (Labours)
	4 Men for 8 h
	4 × 8 × 1.96 = 62.72 MJ
	62.72
	

	
	Sowing (Labours)
	12 Men for 8 h
	12 ×8 × 1.96 = 188.16 MJ
	188.16
	

	CS2N4
	Seed
	50 kg
	50 × 16.25 = 735 MJ
	735
	2588.91

	
	Nitrogen (Fertilizer)
	15 kg
	15 × 60.6 = 909 MJ
	909
	

	
	Phosphorus (Fertilizer)
	40 kg
	40 × 11.1 = 444 MJ
	444
	

	
	Potassium (Fertilizer)
	30 kg
	30 × 6.7 = 201 MJ
	201
	

	
	Mustard oilcake
	215.70 kg
	215.70 × 0.3 = 64.71 MJ
	64.71
	

	
	Application and mixing of fertilizers and manure (Labours)
	3 Men for 8 h
	3 ×8 × 1.96 = 47.04 MJ
	47.04
	

	
	Sowing (Labours)
	12 Men for 8 h
	12 ×8 × 1.96 = 188.16 MJ
	188.16
	

	CS3N1
	Oat seed
	70 kg
	70 × 16.25 = 1137.50 MJ
	1137.50
	7547.68

	
	Grasspea seed
	15 kg
	15 × 14.70 = 220.50 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	80 kg
	80 × 60.6 = 4848 MJ
	4848
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Application of fertilizers (Labours)
	8 Men for 8 h
	8 ×8 × 1.96 = 125.44 MJ
	125.44
	

	
	Sowing (Labours)
	18 Men for 8 h
	18 × 8 × 1.96 = 282.24 MJ
	282.24
	

	CS3N2
	Oat seed
	70 kg
	70 × 16.25 = 1137.50 MJ
	1137.50
	9007.04

	
	Grasspea seed
	15 kg
	15 × 14.70 = 220.50 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	FYM
	8800 kg
	8800 × 0.3 = 2640 MJ
	2640
	

	
	Application of fertilizers and FYM (Labours)
	10 Men for 8 h
	10 ×8 × 1.96 = 156.8 MJ
	156.8
	

	
	Sowing (Labours)
	18 Men for 8 h
	18 × 8 × 1.96 = 282.24 MJ
	282.24
	

	CS3N3
	Oat seed
	70 kg
	70 × 16.25 = 1137.50 MJ
	1137.50
	7366.74

	
	Grasspea seed
	15 kg
	15 × 14.70 = 220.50 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Vermicompost
	3384.6 kg
	3384.6 × 0.3 = 1015.38 MJ
	1015.38
	

	
	Application of fertilizers and vermicompost (Labours)
	9 Men for 8 h
	9 ×8 × 1.96 = 141.12 MJ
	141.12
	

	
	Sowing (Labours)
	18 Men for 8 h
	18 × 8 × 1.96 = 282.24 MJ
	282.24
	

	CS3N4
	Oat seed
	70 kg
	70 × 16.25 = 1137.50 MJ
	1137.50
	6594.5

	
	Grasspea seed
	15 kg
	15 × 14.70 = 220.50 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Mustard oilcake
	862.75 kg
	862.75 × 0.3 = 258.82 MJ
	258.82
	

	
	Application of fertilizers and mustard oilcake (Labours)
	8 Men for 8 h
	8 ×8 × 1.96 = 125.44 MJ
	125.44
	

	
	Sowing (Labours)
	18 Men for 8 h
	18 × 8 × 1.96 = 282.24 MJ
	282.24
	

	CS4N1
	Oat seed
	57 kg
	57 × 16.25 = 926.25 MJ
	1137.50
	7378.57

	
	Grasspea seed
	20 kg
	15 × 14.70 = 294.0 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	80 kg
	80 × 60.6 = 4848 MJ
	4848
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Application of fertilizers (Labours)
	8 Men for 8 h
	8 ×8 × 1.96 = 125.44 MJ
	125.44
	

	
	Sowing (Labours)
	16 Men for 8 h
	16 × 8 × 1.96 = 250.88 MJ
	250.88
	

	CS4N2
	Oat seed
	57 kg
	57 × 16.25 = 926.25 MJ
	1137.50
	8837.93

	
	Grasspea seed
	20 kg
	15 × 14.70 = 294.0 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	FYM
	8800 kg
	8800 × 0.3 = 2640 MJ
	2640
	

	
	Application of fertilizers and FYM (Labours)
	10 Men for 8 h
	10 ×8 × 1.96 = 156.8 MJ
	156.8
	

	
	Sowing (Labours)
	16 Men for 8 h
	16 × 8 × 1.96 = 250.88 MJ
	250.88
	

	CS4N3
	Oat seed
	57 kg
	57 × 16.25 = 926.25 MJ
	1137.50
	7197.63

	
	Grasspea seed
	20 kg
	15 × 14.70 = 294.0 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Vermicompost
	3384.6 kg
	3384.6 × 0.3 = 1015.38 MJ
	1015.38
	

	
	Application of fertilizers and manure (Labours)
	9 Men for 8 h
	9 ×8 × 1.96 = 141.12 MJ
	141.12
	

	
	Sowing (Labours)
	16 Men for 8 h
	16 × 8 × 1.96 = 250.88 MJ
	250.88
	

	CS4N4
	Oat seed
	57 kg
	57 × 16.25 = 926.25 MJ
	1137.50
	6425.39

	
	Grasspea seed
	20 kg
	15 × 14.70 = 294.0 MJ
	220.50
	

	
	Nitrogen (Fertilizer)
	60 kg
	60 × 60.6 = 3636 MJ
	3636
	

	
	Phosphorus (Fertilizer)
	60 kg
	60 × 11.1 = 666 MJ
	666
	

	
	Potassium (Fertilizer)
	40 kg
	40 × 6.7 = 268 MJ
	268
	

	
	Mustard oilcake
	862.75 kg
	862.75 × 0.3 = 258.82 MJ
	258.82
	

	
	Application of fertilizers and manure (Labours)
	8 Men for 8 h
	8 ×8 × 1.96 = 125.44 MJ
	125.44
	

	
	Sowing (Labours)
	16 Men for 8 h
	16 × 8 × 1.96 = 250.88 MJ
	250.88
	










Table A5: Emission factors of agriculture inputs used in oat-grasspea cultivation
	Particulars
	Units
	kg CO2 e ha−1
	References

	Seed
	kg
	1.22
	Yadav et al. (2018)

	Human labour
	Day
	0.86
	Yadav et al. (2018)

	Bullock labour
	Pair h-1
	0.188
	Singh et al. (2002)

	Diesel
	l
	3.32
	Yadav et al. (2018)

	Electricity
	KW h-1
	0.608
	[bookmark: _Hlk122719570]Khodi and Mousavi (2009)

	Farm machinery
	h
	3.32
	Yadav et al. (2018)

	Chemical fertilizer

	N
	kg
	4.96
	Yadav et al. (2018)

	P2O5
	kg
	1.35
	Yadav et al. (2018)

	K2O
	kg
	0.58
	Yadav et al. (2018)

	Organic manure

	FYM, vermicompost and mustard oilcake
	kg
	0.0032
	Pathak and Wassmann (2007)

	N2O from farmland
	kg
	0.01
	Lal (2004)




