Supplemental Tables:
Table S1. Analysis of variance summary statistics for soil extractable inorganic nitrogen (EIN) for the entire season (S. Fig. 1), net nitrogen mineralization (Nmin) rates over the entire season (Fig. 7a), EIN from approximately vegetative stage 16 (V16)  – physiological maturity (R6) (Fig. 3a), Net Nmin rates from approximately V16 – R6 (Fig. 3b), soil N-acquiring enzyme activity leucine amino peptidase (LAP) from approximately V16 – R6 (Fig. 4a), b-1,4-N-acetyl-glucosaminidase (NAG) from approximately V16 – R6 (Fig. 4b), LAP for the entire season (S. Fig. 3a), and NAG for the entire season (S. Fig. 3b) . Bold values indicate significance at a < 0.05.
	Effect
	Full Season Extractable Inorganic N
	Full Season Net N mineralization
	Soil Extractable N (V16 – R6)
	Net N Mineralization (V16 - R6)
	Lecumine Amino Peptidase (LAP) 
	b-1,4-N-acetyl-glucosaminidase (NAG)
	
	
Full Season LAP
	
Full Season NAG
	
	
	
	
	

	Water Availability (W)
	0.11
	0.16
	0.06
	0.29
	0.94
	0.93
	
	0.54
	0.47
	
	
	
	
	

	N Fertilizer (N)
	< 0.01
	0.2
	< 0.01
	0.32
	0.02
	0.01
	
	0.01
	0.01
	
	
	
	
	

	Growth Stage (GS)
	< 0.01
	< 0.01
	< 0.01
	0.02
	< 0.01
	< 0.01
	
	< 0.01
	< 0.01
	
	
	
	
	

	Year (Y)
	< 0.01
	< 0.01
	< 0.01
	0.92
	< 0.01
	< 0.01
	
	< 0.01
	< 0.01
	
	
	
	
	

	W x N
	0.02
	0.15
	0.07
	0.03
	0.39
	0.25
	
	0.21
	0.12
	
	
	
	
	

	W x GS
	0.15
	0.44
	1.00
	0.09
	< 0.01
	0.01
	
	0.01
	0.02
	
	
	
	
	

	N x GS
	0.07
	0.16
	0.12
	0.23
	0.78
	0.61
	
	0.46
	0.75
	
	
	
	
	

	W x Y
	0.79
	0.88
	0.08
	0.51
	< 0.02
	0.87
	
	0.01
	0.94
	
	
	
	
	

	N x Y
	0.2
	0.01
	0.723
	0.56
	0.82
	0.16
	
	0.63
	0.04
	
	
	
	
	

	GS x Y
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	
	< 0.01
	< 0.01
	
	
	
	
	

	W x N x GS
	0.83
	0.61
	0.25
	0.2
	0.4
	0.34
	
	0.48
	0.25
	
	
	
	
	

	W x N x Y
	0.23
	0.08
	0.58
	0.38
	0.84
	0.65
	
	0.41
	0.55
	
	
	
	
	

	W x GS x Y
	0.03
	0.36
	0.09
	0.20
	< 0.01
	< 0.01
	
	< 0.01
	0.01
	
	
	
	
	

	N x GS x Y
	0.323
	0.01
	0.79
	0.98
	0.60
	0.52
	
	0.67
	0.64
	
	
	
	
	

	W x N x GS x Y
	0.81
	0.07
	0.95
	0.08
	0.14
	0.35
	
	0.33
	0.77
	
	
	
	
	




















Table S2. Analysis of variance summary statistics for total maize shoot N uptake at end of season (Fig. 6a) and end of season grain yield adjusted to 15.5% moisture content (Fig. 6b). Bold values indicate significance at a < 0.05.
	Effect
	Maize N uptake
	Maize Grain Yield

	Water Availability (W)
	0.04
	0.01

	N Fertilizer (N)
	<0.01
	<0.01

	Year (Y)
	0.08
	0.12

	W x N
	0.35
	0.03

	W x Y
	0.44
	0.11

	N x Y
	0.48
	0.57

	W x N x Y
	0.83
	0.17





Table S3. Analysis of variance summary statistics for maize nitrogen uptake rates across the growing season (Fig. 7b). Bold values indicate significance at a < 0.05.
	
Effect
	Maize N uptake Rate

	Water Availability (W)
	0.11

	N fertilizer (N)
	< 0.01

	Growth Stage (GS)
	< 0.01

	W x N
	0.3

	W x GS
	< 0.01

	N x GS
	< 0.01

	W x N x GS
	0.17









Table S4. A) Total aboveground biomass (kg ha-1), N uptake (kg N ha-1), and C:N by growth stage, water availability, and N fertilizer treatments. B) Aboveground biomass (kg ha-1), N uptake (kg N ha-1), and C:N by water availability and N fertilizer treatments.
	A)                                   Aboveground Biomass, maize N uptake, and C:N

	Growth Stage
	Water Availability
	N treatment
	Biomass (kg ha-1)
	kg N ha-1
	C:N

	V3
	Full Water 
	Low
	23
	0.7
	13.4

	 
	 
	Optimal
	28
	0.9
	13.2

	 
	 
	Excess
	20
	0.6
	14.8

	 
	Limited Water
	Low
	31
	1.0
	13.4

	 
	 
	Optimal
	28
	0.9
	13.5

	 
	 
	Excess
	20
	0.7
	13.6

	V5
	Full Water 
	Low
	696
	16.2
	18.5

	 
	 
	Optimal
	718
	16.7
	18.4

	 
	 
	Excess
	618
	14.4
	18.7

	 
	Limited Water
	Low
	718
	17.1
	18.3

	 
	 
	Optimal
	660
	15.9
	18.1

	 
	 
	Excess
	598
	14.0
	18.4

	V12
	Full Water 
	Low
	1796
	32.4
	24.0

	 
	 
	Optimal
	2522
	51.6
	19.8

	 
	 
	Excess
	2803
	48.4
	23.3

	 
	Limited Water
	Low
	2635
	46.2
	25.5

	 
	 
	Optimal
	2448
	58.9
	16.4

	 
	 
	Excess
	2400
	57.8
	16.8

	R1
	Full Water 
	Low
	5280
	40.4
	55.4

	 
	 
	Optimal
	8269
	113.8
	31.3

	 
	 
	Excess
	7884
	127.0
	26.4

	 
	Limited Water
	Low
	5196
	39.6
	55.4

	 
	 
	Optimal
	6343
	95.5
	29.2

	 
	 
	Excess
	6444
	101.4
	27.4

	R6
	Full Water 
	Low
	13665
	79.5
	73.1

	 
	 
	Optimal
	22885
	189.1
	53.4

	 
	 
	Excess
	22990
	208.8
	48.1

	 
	Limited Water
	Low
	11144
	55.7
	86.0

	 
	 
	Optimal
	14172
	144.1
	42.6

	 
	 
	Excess
	13249
	154.5
	37.4

	 
	 
	 
	 
	 
	 

	B) Aboveground Biomass, maize N uptake, and C:N at physiological maturity by organ

	Organ
	Water Availability
	N treatment
	Biomass (kg ha-1)
	kg N ha-1
	C:N

	Leaf
	Full Water 
	Low
	1847
	9.7
	75.2

	 
	 
	Optimal
	2574
	25.6
	44.6

	 
	 
	Excess
	2730
	33.4
	35.4

	 
	Limited Water
	Low
	2110
	8.9
	97.1

	 
	 
	Optimal
	2582
	24.9
	47.1

	 
	 
	Excess
	2464
	24.4
	44.9

	Stem
	Full Water 
	Low
	3340
	6.8
	210.0

	 
	 
	Optimal
	5615
	17.4
	149.0

	 
	 
	Excess
	5280
	19.8
	124.5

	 
	Limited Water
	Low
	3261
	6.3
	226.4

	 
	 
	Optimal
	3885
	26.5
	77.5

	 
	 
	Excess
	3412
	33.9
	50.8

	Cob
	Full Water 
	Low
	1770
	5.3
	157.7

	 
	 
	Optimal
	2991
	11.3
	127.9

	 
	 
	Excess
	3020
	12.1
	116.4

	 
	Limited Water
	Low
	1465
	4.7
	146.7

	 
	 
	Optimal
	1850
	12.0
	76.5

	 
	 
	Excess
	1722
	10.7
	79.8

	Grain
	Full Water 
	Low
	6708
	57.8
	49.7

	 
	 
	Optimal
	11705
	134.8
	37.5

	 
	 
	Excess
	11961
	143.5
	35.7

	 
	Limited Water
	Low
	4308
	35.8
	51.6

	 
	 
	Optimal
	5855
	80.7
	30.6

	 
	 
	Excess
	5651
	85.5
	28.1








	




Table S5. A) Irrigation amount (mm) by water availability, growing season, and month. B) Precipitation (mm) by growing season and month. Total refers to total precipitation for the calendar year, crop year refers to total precipitation from October of the previous year through September of the current year, and June – August refers to total precipitation during June, July, and August of the year.

	A)                                                Irrigation Added (mm)

	 
	2021
	2022

	Month
	Full Water
	Limited Water
	Full Water
	Limited Water

	May
	x
	x
	25
	25

	June
	x
	x
	38
	38

	July
	136
	38
	140
	57

	August
	152
	51
	150
	56

	September
	x
	x
	117
	23

	Total
	288
	89
	470
	199

	 
	 
	 
	 
	 

	B)                                                   Precipitation (mm)

	Total (mm)
	Crop Year (mm)

	Month
	2021
	2022
	2021
	2022

	January
	8
	12
	432
	310

	February
	11
	10
	
	

	March
	56
	47
	June - August (mm)

	April
	87
	2
	2021
	2022

	May
	176
	49
	45
	154

	June
	18
	34
	 
	 

	July 
	12
	89
	
	

	August
	14
	31
	
	

	September
	23
	21
	
	

	October
	11
	7
	
	

	November
	1
	3
	
	

	December
	3
	55
	
	





