Drip irrigation and mulching reduces weed interference and improves water productivity of spring maize
Supplementary Table 1: Weekly weather data during crop season (2020) 
	Crop growth stages
	Standard meteorological Week
	Mean Maximum Temperature         (°C)
	Mean Minimum
Temperature
(°C)
	Sunshine hours (hour)
	Wind velocity
(km h-1)
	Relative humidity
(%)
	Rainfall
(mm)
	Evaporation
(mm)

	Sowing
	6th (5-11thFeb)
	18.8
	4.9
	7.9
	2.1
	71.5
	0.0
	1.6

	50% emergence
	7th (12-18thFeb)
	23.0
	7.8
	9.8
	4.0
	69.5
	0.0
	2.1

	Complete emergence
	8th (19-25thFeb)
	23.5
	12.0
	7.0
	5.6
	68.0
	6.0
	2.6

	
	9th (26 Feb -4th March)
	24.5
	13.3
	5.8
	4.7
	73.4
	9.0
	2.4

	Knee high stage
	10th (5-11th March)
	22.1
	11.0
	7.1
	5.1
	73.1
	18.6
	2.6

	
	11th (12-18th March)
	22.3
	11.5
	7.1
	5.1
	71.9
	28.6
	2.1

	
	12th (19-25th March)
	27.3
	14.4
	7.4
	2.4
	69.4
	3.0
	2.7

	
	13th (26thMarch-1st April)
	26.1
	15.5
	5.7
	4.2
	72.2
	18.8
	2.9

	Tasseling
	14th (2-8th April)
	29.1
	14.5
	10.2
	3.9
	60.9
	0.0
	3.8

	
	15th (9-15th April)
	34.0
	16.7
	9.8
	3.4
	51.4
	0.0
	4.6

	
	16th (16-22nd April)
	33.8
	19.3
	8.8
	4.2
	49.6
	9.8
	4.8

	
	17th (23-29thApril)
	33.2
	19.3
	9.5
	4.6
	53.2
	3.4
	4.9

	Silking
	18th (30 April-6th May)
	35.6
	21.8
	9.8
	5.0
	51.7
	16.2
	5.9

	Hard dough stage
	19th (7-13th May)
	35.7
	21.1
	9.2
	5.4
	45.8
	5.4
	6.0

	
	20th (14-20th May)
	35.7
	21.7
	9.4
	4.2
	44.9
	19.6
	6.0

	
	21st (21-27th May)
	41.3
	22.9
	12.3
	4.2
	30.1
	0.0
	8.2

	Physiological maturity
	22nd (28 May-3rd June)
	35.5
	23.7
	7.7
	8.3
	48.1
	8.4
	7.5

	
	23rd (4-10th June)
	35.5
	23.4
	9.2
	4.6
	50.9
	0.6
	6.7

	
	24th (11-17th June)
	40.1
	27.3
	11.5
	5.2
	44.2
	4.4
	8.1

	Harvesting
	25th (18-24th June)
	38.9
	27.9
	9.8
	7.9
	53.1
	1.0
	8.7

	Total
	152.8
	94.2




Supplementary Table 2: Weekly weather data during crop season (2021)
	Crop growth stages 
	Standard meteorological Week
	Mean Maximum Temperature         (°C)
	Mean Minimum     Temperature
(°C)
	Sunshine hours (hour)
	Wind velocity
(km h-1)
	Relative humidity
(%)
	Rainfall
(mm)
	Evaporation
(mm)

	Sowing
	6th(5-11thFeb)
	21.3
	7.4
	7.4
	2.3
	77.1
	0
	1.6

	50% emergence
	7th (12-18thFeb)
	22.5
	10.8
	5.5
	1.6
	82.7
	0
	1.0

	Complete emergence
	8th (19-25thFeb)
	26.8
	11.7
	7.8
	1.8
	71.9
	0
	1.8

	
	9th (26 Feb -4th March)
	27.9
	11.9
	9.8
	3.4
	64.3
	0
	3.5

	Knee high stage
	10th (5-11th March)
	29.7
	15.3
	7.5
	5.5
	61.1
	0
	3.5

	
	11th (12-18th March)
	28.7
	15.3
	4.2
	3.4
	60.4
	0
	3.3

	
	12th (19-25th March)
	29.1
	15.2
	6.1
	5.9
	59.8
	5.0
	4.1

	
	13th (26thMarch-1st April)
	32.3
	15.7
	9.8
	5.2
	48.6
	0
	1.6

	Tasseling
	14th (2-8th April)
	32.3
	14.7
	8.2
	5.1
	36.2
	3.0
	5.9

	
	15th (9-15th April)
	36.1
	17.5
	9.6
	4.6
	30.2
	0
	7.3

	
	16th (16-22nd April)
	32.1
	17.9
	5.8
	5.4
	48.2
	6.0
	5.9

	
	17th (23-29thApril)
	36.2
	18.1
	10.0
	3.7
	44.9
	4.7
	6.4

	Silking
	18th (30 April-6th May)
	37.5
	23.0
	5.5
	4.5
	40.4
	3.4
	6.5

	Hard dough stage
	19th (7-13th May)
	34.1
	22.0
	6.3
	5.3
	54.9
	5.5
	6.9

	
	20th (14-20th May)
	35.3
	21.5
	7.8
	5.0
	44.9
	13.8
	6.4

	
	21st (21-27th May)
	36.9
	21.3
	10.9
	6.3
	36.4
	0
	8.6

	Physiological maturity
	22nd (28 May-3rd June)
	36.7
	24.9
	8.8
	8.1
	50.9
	40
	8.7

	
	23rd (4-10th June)
	38.0
	26.7
	7.5
	5.3
	50.4
	13
	6.6

	
	24th (11-17th June)
	34.4
	23.5
	6.1
	6.5
	62.9
	14
	7.3

	Harvesting
	25th (18-24th June)
	36.7
	26.5
	9.2
	5.4
	55.3
	9.4
	7.1

	Total
	117.8
	104





Supplementary Table 3. Details of the number of irrigations applied and date of irrigation as applied to spring maize crop as per PAU recommended irrigation schedule during crop growing seasons of 2020 and 2021. Rainfall received during 2020 and 2021 was 152.8 mm and 117.8 mm, respectively.  (DOS: 11-2-2020 during first year and 12-2-2021 during second year)

	Number of irrigations
	Dates on which irrigation was applied

	
	Drip irrigation schedule
	Furrow irrigation schedule

	
	2020
	2021
	2020
	2021

	1
	24-02-2020
	23-02-2021
	09-03-2020
	02-03-2021

	2
	03-03-2020
	02-03-2021
	23-03-2020
	16-03-2021

	3
	19-03-2020
	09-03-2021
	06-04-2020
	30-03-2021

	4
	04-04-2020
	16-03-2021
	15-04-2020
	09-04-2021

	5
	11-04-2020
	23-03-2021
	22-04-2020
	19-04-2021

	6
	18-04-2020
	30-03-2021
	29-04-2020
	26-04-2021

	7
	27-04-2020
	06-04-2021
	06-05-2020
	03-05-2021

	8
	05-05-2020
	12-04-2021
	13-05-2020
	11-05-2021

	9
	15-05-2020
	20-04-2021
	21-05-2020
	19-05-2021

	10
	24-05-2020
	27-04-2021
	28-05-2020
	27-05-2021

	11
	31-05-2020
	04-05-2021
	-
	-

	12
	-
	11-05-2021
	-
	-

	13
	-
	12-05-2021
	-
	-

	14
	-
	25-05-2021
	-
	-





Supplementary Table 4. Economic calculations (pooled)
	Treatment
	Base expenditure ($)
	Mulching cost ($)
	Water cost (USD$/m3)
	Pumping cost ($)
	System cost ($)
	Weeding cost ($)
	Total expenditure ($)

	SD-PM-A
	313.5
	1215.0
	863.4
	38.4
	91.9
	11.1
	2533.2

	HW
	313.5
	1215.0
	863.4
	38.4
	91.9
	209.5
	2731.7

	WF
	313.5
	1215.0
	863.4
	38.4
	91.9
	314.3
	2836.4

	W
	313.5
	1215.0
	863.4
	38.4
	91.9
	0.0
	2522.1

	SD-SM-A
	313.5
	136.2
	863.4
	38.4
	91.9
	11.1
	1454.4

	HW
	313.5
	136.2
	863.4
	38.4
	91.9
	209.5
	1652.9

	WF
	313.5
	136.2
	863.4
	38.4
	91.9
	314.3
	1757.6

	W
	313.5
	136.2
	863.4
	38.4
	91.9
	0.0
	1443.4

	SD-NM-A
	313.5
	0.0
	863.4
	38.4
	91.9
	11.1
	1318.2

	HW
	313.5
	0.0
	863.4
	38.4
	91.9
	209.5
	1516.7

	WF
	313.5
	0.0
	863.4
	38.4
	91.9
	314.3
	1621.5

	W
	313.5
	0.0
	863.4
	38.4
	91.9
	0.0
	1307.2

	SSD-PM-A
	313.5
	1215.0
	863.4
	38.4
	91.9
	11.1
	2533.2

	HW
	313.5
	1215.0
	863.4
	38.4
	91.9
	209.5
	2731.7

	WF
	313.5
	1215.0
	863.4
	38.4
	91.9
	314.3
	2836.4

	W
	313.5
	1215.0
	863.4
	38.4
	91.9
	0.0
	2522.1

	SSD-SM-A
	313.5
	136.2
	863.4
	38.4
	91.9
	11.1
	1454.4

	HW
	313.5
	136.2
	863.4
	38.4
	91.9
	209.5
	1652.9

	WF
	313.5
	136.2
	863.4
	38.4
	91.9
	314.3
	1757.6

	W
	313.5
	136.2
	863.4
	38.4
	91.9
	0.0
	1443.4

	SSD-NM-A
	313.5
	0.0
	863.4
	38.4
	91.9
	11.1
	1318.2

	HW
	313.5
	0.0
	863.4
	38.4
	91.9
	209.5
	1516.7

	WF
	313.5
	0.0
	863.4
	38.4
	91.9
	314.3
	1621.5

	W
	313.5
	0.0
	863.4
	38.4
	91.9
	0.0
	1307.2

	FI-A
	313.5
	0.0
	1920.7
	85.1
	13.1
	11.1
	2343.4

	HW
	313.5
	0.0
	1920.7
	85.1
	13.1
	209.5
	2541.9

	WF
	313.5
	0.0
	1920.7
	85.1
	13.1
	314.3
	2646.7

	W
	313.5
	0.0
	1920.7
	85.1
	13.1
	0.0
	2332.4


REFERENCES
Anonymous (2020) Punjab guidelines for groundwater extraction and conservation by Punjab water Regulation and Development Authority. Pp. 14-17.
Anonymous (2021) Enterprise Budgets of Rabi Crops in Punjab. Department of Economics & Sociology. Punjab Agricultural University, Ludhiana.

	S. No.
	Description
	Drip irrigation system
	Furrow irrigation

	1.
	Pump
	
	

	
	a) Fixed cost (Rs.)
	20000
	20000

	
	b) Life in years
	20
	20

	
	c) Depreciation on capital by taking 2 crops per year (c/40)
	500
	500

	
	d) Interest @ 8% per crop taking 2 crops per year (c × 0.08/4)
	400
	400

	
	e) Total (c+d)
	900
	900

	2.
	Main, Sub-main and ventury etc.
	
	

	
	a) Fixed cost (Rs.)
	41898
	

	
	b) Accessories (10% of a)
	4189.8
	

	
	c) Total (a+b)
	46087.8
	

	
	d) Life in years
	20
	

	
	e) Depreciation on capital by taking 2 crops per year (c/40)
	1152.19
	

	
	f) Interest @ 8% per crop taking 2 crops per year (c × 0.08/4)
	921.76
	

	
	g) Total (e+f)
	2073.95
	

	3. 
	Laterals and installation
	
	

	
	a) Cost of laterals with inbuilt emitters @ 11.50 per m for 1 ha (approximate 8260 m)
	9852.50
	

	
	b) Cost of installation
	9585.25
	

	
	c) Total (a+b)
	105437.75
	

	
	d) Total cost with subsidy (with maximum subsidy of Rs. 80812.50 based on the maximum subsidy provided by government/ha)
	24625.75
	

	
	e) Life in years
	10
	

	
	f) Depreciation on capital by taking 2 crops per year (c/20)
	1231.29
	

	
	g) Interest @ 8% per crop taking 2 crops per year (c × 0.08/4)
	2108.76
	

	
	h) Total (f+g)
	3340.05
	

	4.
	Total cost on irrigation system (Rs./ha)
	6314.00
	900


Supplementary Table 5. Costs involved for economics calculation of irrigation system
REFERENCES
Anonymous (2020) Punjab guidelines for groundwater extraction and conservation by Punjab water Regulation and Development Authority. Pp. 14-17.
Anonymous (2021) Enterprise Budgets of Rabi Crops in Punjab. Department of Economics & Sociology. Punjab Agricultural University, Ludhiana.



Supplementary Table 6. ANOVA table
	Source of variation
	Degree of freedom

	A
	Replication
	2

	B
	Main plots
	6

	i
	Drip irrigation (D)
	1

	ii
	Mulches (M)
	2

	iii
	Drip Irrigation × Mulch (D×M)
	2

	iv
	Error (a´)
	10

	v
	Whole main plot (a´) (A+i+ii+iii+iv)
	17

	C
	Error (a)
	12

	D
	Whole main plot (a) (A+B+C)
	20

	E
	Weed control treatments (W)
	3

	F
	Main plots × Weed control treatments (Main×Sub)
	18

	vi
	Drip irrigation × Weed control treatments (D×W)
	3

	vii
	Mulches × Weed control treatments (M×W)
	6

	viii
	Drip irrigation × Mulches × Weed control treatments (D×M×W)
	6

	ix
	Error (b´)
	36

	x
	Total (b´) (v+E+vi+vii+viii+viii)
	71

	G
	Error (b)
	42

	H
	Total (b) (D+E+F+G)
	83


Error (a´) and Error (b´) does not include control treatment (Furrow irrigation) for functional analysis
Whole main plot (a´) and Total (b´) does not include control treatment (Furrow irrigation)
Data was analysed using the two-way ANOVA (given below) to evaluate the difference between treatments. Significance of treatment means were evaluated at 5% level of significance with Fisher’s Protected Least Significance Difference Test. 
Another post-hoc test, Dunnett’s Multiple Comparison was computed to compare means of groups of main-plot treatments (SD-PM, SD-SM, SD-NM, SSD-PM, SSD-SM, SSD-NM) with mean of one control, furrow irrigation. 



Supplementary Table 7. Main effects of drip irrigation, mulching and weed control methods on weeds and crops at 60 days after sowing, yields and water productivity in spring maize
	Treatment
	At 60 days after sowing
	At harvest

	
	Grass weed density (number m-2)
	Broadleaf weed density (number m-2)
	Sedges weed density (number m-2)
	Total weed density (number m-2)
	Grass weed biomass
(g m-2)
	Broadleaf weed biomass
(g m-2)
	Sedges weed biomass
(g m-2)
	Total weed biomass
(g m-2)
	Leaf area index
	Crop biomass
(g plant-1)
	100-grain weight (g)
	Grain yield (Mg ha-1) 
	Stover yield (Mg ha-1) 
	Irrigation water productivity (kg m-3) 
	B:C

	Drip irrigation

	Surface drip
	9b
	16b
	17b
	42b
	13b
	19b
	17b
	49b
	4.06a
	75.24a
	29.84b
	8.20b
	11.61b
	3.28b
	1.89a

	Sub-surface drip
	7a
	13a
	15a
	34a
	8a
	11a
	13a
	31a
	4.22b
	80.16b
	31.07a
	8.46a
	12.66a
	3.39a
	1.91a

	Mulches

	Plastic mulch (25µ)
	1a
	3a
	5a
	10a
	4a
	2a
	7a
	13a
	4.43a
	83.02a
	30.86b
	8.67b
	12.41b
	3.47a
	1.31b

	Straw mulch (6 t ha-1)
	6b
	13b
	16b
	36b
	8b
	17b
	12b
	37b
	4.21b
	76.65b
	32.72a
	8.83a
	13.09a
	3.54a
	2.21a

	No mulch
	15c
	27c
	26c
	68c
	19c
	25c
	26c
	70c
	3.78c
	73.44b
	27.80c
	7.47c
	10.90c
	2.99b
	2.18a

	Weed control treatments

	Atrazine @ 1000 g ha-1 as pre-emergence
	17b
	24b
	29b
	70b
	20b
	28b
	29b
	77b
	4.00c
	72.82c
	29.46c
	8.02c
	11.66b
	2.97b
	2.40a

	Two hand weedings at 30 and 60 DAS
	0a
	0a
	0a
	0a
	0a
	0a
	0a
	0a
	4.14b
	78.76b
	30.95b
	8.44b
	12.27b
	3.11ab
	2.01ab

	Weed free for whole period
	0a
	0a
	0a
	0a
	0a
	0a
	0a
	0a
	4.46a
	89.16a
	33.19a
	8.80a
	13.03a
	3.23a
	1.89b

	Weedy for whole period
	22c
	44c
	46c
	112c
	32c
	46c
	44c
	122c
	3.85d
	66.72d
	27.38d
	7.53d
	10.90c
	2.82b
	2.23a


Weed data was subjected to square root transformation (x+1) before analysis; however, back transformed actual mean values are presented with interpretation based on the transformed data.
Mean values not connected by the same letter are significantly different according to Fisher’s Protected Least Significance Difference Test (P<0.05). Small letters (a, b) are used to signify differences among treatments
