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Supplementary Table 1 
Monthly meteorological parameters recorded during crop growing period of 2021-22 and 2022-23 
	Crop growing period
	2021-22
	2022-23

	
	Tmax
	Tmin
	RHmax
	RHmin
	Total Rainfall
	OPE*
	Tmax
	Tmin
	RHmax
	RHmin
	Total Rainfall
	OPE

	
	(°C)
	(°C)
	(%)
	(%)
	(mm)
	(mm)
	(°C)
	(°C)
	(%)
	(%)
	(mm)
	(mm)

	November
	30.4
	18.8
	83.7
	52.7
	2.8
	4.1
	30.5
	14.8
	81.8
	34.1
	0.0
	4.6

	December
	28.2
	14.8
	91.6
	51.0
	5.0
	2.7
	30.4
	15.2
	85.0
	39.6
	1.4
	3.8

	January
	27.8
	12.8
	89.2
	43.1
	0.0
	3.6
	30.3
	13.0
	85.7
	33.7
	0.4
	4.3

	February
	31.9
	13.5
	82.0
	28.0
	0.0
	5.6
	32.9
	12.8
	74.0
	21.1
	0.0
	5.8

	March
	35.9
	18.7
	73.6
	20.4
	0.4
	7.0
	33.3
	15.4
	73.0
	23.3
	6.0
	6.6

	Mean/Total
	30.8
	15.7
	84.0
	39.0
	8.2
	23.0
	31.5
	14.3
	79.9
	30.4
	7.8
	25.1


*OPE indicates USWB (United States Weather Bureau) Open Pan Evaporation
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Supplementary Figure 1
Field layout of the experiment (D1: 1st November; D2: 15th November; D3: 1st December, D4: 15th December) in main plots, two irrigation practices (I1: 40% ETc; I2: 80% ETc) in sub plots, and three nitrogen doses (N1: 100 kg N ha-1; N2: 150 kg N ha-1; N3: 200 kg N ha-1) in sub-sub plots with three replications (R1, R2 and R3).
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Supplementary Figure 2
Field view of the experiment

Supplementary Table 2
Effect of date of sowing on amount of water applied through irrigation (average for two years)
	Date of sowing
	Amount of irrigation water applied (mm)

	
	40% ETc
	80% ETc

	1st November
	109
	218

	15th November
	125
	250

	1st December
	133
	266

	15th December
	140
	280










Supplementary Figure 3
Source-wise contribution to carbon input (%) in response to date of sowing (D), irrigation (I) and nitrogen levels (N) (Average data of two cropping seasons) (D1: 1st November; D2: 15th November; D3: 1st December, D4: 15th December, I1: 40% ETc, I2: 80% ETc, N1: 100 kg N ha-1, N2: 150 kg N ha-1, N3: 200 kg N ha-1). 
Supplementary Table 3 
Carbon emission factors of agricultural inputs used in the study
	
Sl No.
	Particulars
	Units
	Equivalent carbon emission (kg CE unit-1) 
	References

	1.
	Farm machinery
	h
	0.89
	Lal et al., 2020

	2. 
	Diesel
	L
	0.94
	Lal et al., 2020

	3.
	Irrigation water
	m3
	0.17
	Lal, 2004

	4.
	Seed
	kg
	0.32
	Wang et al., 2015

	5.
	Human labour
	Man day (8 h)
	0.23
	Lal et al., 2020

	6.
	Fertilizers
	
	
	

	a.
	Nitrogen (N)
	kg
	1.30
	Lal, 2004

	b.
	Phosphorous (P2O5)
	kg
	0.20
	Lal, 2004

	c.
	Potassium (K2O)
	kg
	0.15
	Lal, 2004

	7.
	Plant Protection chemicals (fungicides)
	Kg a.i.
	3.9
	Lal, 2004




Supplementary Table 4
Effect of date of sowing, irrigation and nitrogen levels on quinoa seed protein content (%).
	Treatments
	Seed protein content (%)

	Date of sowing (D)

	D1:1st November
	15.7

	D2:15th November
	15.2

	D3:1st December
	15.3

	D4:15th December
	15.4

	LSD (p < 0.05)
	NS

	Irrigation levels (I)

	I1:40% ETc
	15.5.

	I2:80% ETc
	15.2

	LSD (p < 0.05)
	NS

	Nitrogen levels (N)

	N1:100 Kg  ha-1
	15.9

	N2:150 Kg  ha-1
	16.3

	N3:200 Kg ha-1
	16.8

	LSD (p < 0.05)
	NS







Supplementary Figure 4
Effect of date of sowing, irrigation and nitrogen levels on protein yield (kg ha-1). Vertical bars represent mean ± SE of the observed values. Values followed by different lowercase letter are significantly different at p < 0.05 within the treatment levels according to LSD test.
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Farm machinery	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	1.9346424172161438	1.9489051094890508	1.9333116107309656	1.9103495152577543	2.0965842167255597	1.8627040602762661	2.5317655983311207	1.9382940108892921	1.5676373884452797	Seed	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	0.57966813998985589	0.58394160583941612	0.57926939647369757	0.57238936786749195	0.62819002748331376	0.55811357611273893	0.75858145268348198	0.58076225045372054	0.46970408642555189	Fertilizer	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	77.168321136149558	77.737226277372258	77.115238405560987	76.199334597359865	83.627797408716148	74.298869820008377	70.168784373222081	77.313974591651544	81.611085016439645	Irrigation water 	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	10.071733932323745	11.635036496350365	12.280511205242389	12.771437770543415	8.0683156654888109	15.034184456536906	15.323345344206334	11.731397459165155	9.4880225457961487	Diesel	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	3.5685819868125503	3.9817518248175183	4.0259223054921982	4.7257897184559807	2.4224577934825282	3.3765871354820702	4.6794993362412285	3.4373865698729587	2.7800610615312356	Fungicide	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	1.4853996087240056	0.47445255474452552	0.72770717932008244	0	0.35335689045936397	0.6627598716338774	0.21335103356722929	0.16333938294010888	0.13210427430718649	Man days	D1 	D2 	D3 	D4 	I1 	I2 	N1	N2 	N3 	5.191652778784146	3.6532846715328464	3.3344194634517224	3.8278538976138519	2.7915194346289756	4.2137574996511784	6.3246728617485299	4.8529945553539022	3.9660638797557537	
Source wise contribution to carbon input (%) 




Protein yield	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

[CELLRANGE]
[CELLRANGE]

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1st Nov	15th Nov	1st Dec	15th Dec	40% ETc	80% ETc	100 kg ha-1	150 kg ha-1	200 kg ha-1	Date of sowing	Irrigation levels	Nitrogen levels	227.08323000000001	116.87127999999998	109.02933000000002	53.223939999999999	116.04385000000001	134.98815999999999	115.03649999999999	132.85151999999999	153.98544000000001	a	b	b	c	a	a	b	ab	a	
Protein yield (kg ha-1)
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