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Supplementary Results
Because we used δ15N as a proxy for N availability, we also considered foliar and soil N concentrations (as %N) to assess overall changes in the bulk bools composited across years under ambient precipitation conditions (Fig. S2) and through time under experimental precipitation extremes (Fig. S3). Trends in %N across all years under ambient precipitation conditions (Fig. S2) mirrored those observed for δ15N (Fig. 2). Foliar %N increased significantly for the pooled plant community (Fig. S2a; Table S10; CI: 0.005 – 0.02, p < 0.001, marginal R2 = 0.16) and the dominant grass (Fig. S2b; Table S11; CI: 0.01 – 0.02, p < 0.001, marginal R2 = 0.38) but remained stable for the dominant shrub (Fig. S2c; Table S12; CI: -0.0009 – 0.03, p = 0.077, marginal R2 = 0.23) and surface soils (Fig. S2d; Table S13; CI: -0.0003 – 0.0002, p = 0.701, marginal R2 = 0.016). 
Trends in %N through time (Fig. S3; Table S14) somewhat mirrored trends in δ15N (Fig. 3, main text). Foliar %N for the pooled plant community increased with precipitation amount after 5 years of directional precipitation change, remained constant at 6 years, decreased at 12 years, and remained constant again after 14 years (Fig. S3a). The relationship between foliar %N for the dominant grass and precipitation amount remained relatively constant through time, except after 6 years of directional precipitation change where %N decreased with increasing precipitation amount (Fig. S3b). Foliar %N for the dominant shrub increased at 5 years and then remained constant through time (Fig. S3c). Finally, there were no changes in the slope of %N versus precipitation amount for surface soils (Fig. S3d). 



Supplementary Figures
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Figure S1. Averaged foliar δ15N related to log (mean annual precipitation) at the continental and global scales. Data are derived from Craine et al. (2018, 2019) and the NEON Repository (2022). Points represent averaged foliar δ15N for a given species at a given site. Predicted regressions were fit using equation 7 of the main text across the range of log (precipitation) for each continent while holding temperature fixed at the averaged mean annual temperature across all sampling years. Solid lines indicate significant model fits. The corresponding output is presented in Table 1 of the main text. 
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Figure S2. Foliar and soil %N as it relates to growing season precipitation at the Jornada Basin LTER (NM, USA) for: A) the plant community, B) Bouteloua eriopoda, the dominant grass, C) Neltuma glandulosa, the dominant shrub, and D) surface soil (0–10 cm). Solid lines indicate significant explanatory regressions with 95% confidence intervals whereas dashed lines indicate statistically non-significant regressions. 
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Figure S3. Temporal dynamics of foliar and soil %N and directional shifts in precipitation amount. Time (in years) since onset of the directional rainfall manipulation is displayed at the top of each panel for: A) the plant community, B) Bouteloua eriopoda, the dominant grass, C) Neltuma glandulosa, the dominant shrub, and D) surface soil (0–10 cm). Solid lines indicate significant explanatory regressions with 95% confidence intervals whereas dashed lines indicate statistically non-significant regressions. 
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[bookmark: Tables][bookmark: MaterialsMethods]Table S1. Rainfall manipulation experiment details at the Jornada Basin LTER. Relevant information about the rainfall manipulation experiments utilized in the temporal analyses of this study are below. The closest meteorological stations, represented by “Rain gauge ID,” were utilized to calculate growing season rainfall annually at each experiment.  
	Experiment name
	Treatments
	Replication (n)
	Sample size (N)
	Plot size
	Rain gauge ID*
	Plants sampled
	Year started
	Year sampled
	Growing 
season rainfall (mm)
	Manipulated 
rainfall range (mm)

	LTREB 1
	-80%
ambient
+80%
	6
	18
	2.5 x 2.5 m
	YUCCA
	Bouteloua eriopoda,

Neltuma glandulosa
	2006
	2011
	114.55
	22.91 – 206.19

	
	
	
	
	
	
	
	
	2012
	55.37
	11.07 – 99.67

	
	
	
	
	
	
	
	
	2018
	109.47
	21.89 – 197.05

	
	
	
	
	
	
	
	
	2020
	74.93
	14.99 – 134.87

	LTREB 2
	-80%
-50%
ambient
+50%
+80%
	8
	40
	2.5 x 5.0 m
	RABBIT
	Bouteloua eriopoda
	2015
	2020
	64.52
	12.90 – 116.14

	DroughtNet
	-80%
ambient
	3
	6
	2.5 x 2.5 m
	RABBIT
	Bouteloua eriopoda,

Neltuma 
glandulosa
	2015
	2020
	64.52
	12.90 – 64.52


*Precipitation data are available on the Environmental Data Initiative (EDI data package ID knb-lter-jrn.210380001.740) (45)

[bookmark: _Hlk179552292]Table S2.  Akaike Information Criterion (AIC) for regression comparisons of global spatial analysis. The model that met our criteria had the lowest AIC with ΔAIC > 2, otherwise the most parsimonious model was selected. Selected model is indicated in bold.
	Equation
	Model
	Degrees of Freedom
	AIC
	ΔAIC

	1
	δ15N ~ precipitation + (1|continent/year)
	5
	65533.49
	1200.08

	2
	δ15N ~ temperature + (1|continent/year)
	5
	64969.94
	636.54

	3
	δ15N ~ precipitation + temperature + (1|continent/year)
	6
	64814.72
	481.31

	4
	δ15N ~ precipitation + temperature + (precipitation*temperature) + (1|continent/year)
	7
	64488.18
	154.78

	5
	δ15N ~ log(precipitation) + (1|continent/year)
	5
	65434.52
	1101.11

	6
	δ15N ~ log(precipitation) + temperature + (1|continent/year)
	6
	64444.04
	110.64

	7
	δ15N ~ log(precipitation) + temperature + (log(precipitation)*temperature) + (1|continent/year)
	7
	64333.40
	0

	
	
	
	





Table S3. Output for mixed linear effects of precipitation on plant community foliar δ15N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	-0.72
	-1.77 to 0.34
	0.18

	Precipitation
	0.02
	0.01 to 0.04
	<0.001

	
Random Effects

	σ2
	1.37
	
	

	τ00 plot:experiment
	0
	
	

	τ00 year collected
	0
	
	

	τ00 experiment
	0
	
	

	N plot
	17
	
	

	N experiment
	3
	
	

	N year collected
	4
	
	

	Observations
	66

	Marginal R2 / Conditional R2
	0.18 / NA




Table S4. Output for mixed linear effects of precipitation on dominant grass (Bouteloua eriopoda) foliar δ15N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	-1.65
	-3.52 to 0.23
	0.08

	Precipitation
	0.02
	0.00 to 0.05
	0.02

	
Random Effects

	σ2
	0.46
	
	

	τ00 plot:experiment
	0.1
	
	

	τ00 year collected
	0.22
	
	

	τ00 experiment
	0
	
	

	N plot
	17
	
	

	N experiment
	3
	
	

	N year collected
	4
	
	

	Observations
	34

	Marginal R2 / Conditional R2
	0.42 / NA




Table S5. Output for mixed linear effects of precipitation on dominant shrub (Neltuma glandulosa) foliar δ15N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	0.55
	-1.18 to 2.27
	0.52

	Precipitation
	0.01
	0.00 to 0.02
	0.13

	
Random Effects

	σ2
	0.59
	
	

	τ00 plot:experiment
	0.31
	
	

	τ00 year collected
	0
	
	

	τ00 experiment
	0.72
	
	

	N plot
	9
	
	

	N experiment
	2
	
	

	N year collected
	4
	
	

	Observations
	27

	Marginal R2 / Conditional R2
	0.09 / NA




Table S6. Output for mixed linear effects of precipitation on surface soil (0–10 cm) δ15N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	4.14
	-0.10 to 8.39
	0.06

	Precipitation
	0.03
	-0.02 to 0.07
	0.24

	
Random Effects

	σ2
	0.54
	
	

	τ00 plot:experiment
	0.04
	
	

	τ00 year collected
	1.99
	
	

	τ00 experiment
	0.00
	
	

	N plot
	17
	
	

	N experiment
	3
	
	

	N year collected
	4
	
	

	Observations
	35

	Marginal R2 / Conditional R2
	0.43 / NA




Table S7. Output for linear regressions of precipitation on plant community, dominant grass (Bouteloua eriopoda), dominant shrub (Neltuma glandulosa), and surface soil (0–10 cm) δ15N. The primary result of focus is the change in slope through time. Significant regressions are indicated by model fits with p < 0.05. 

	Group
	Time (years)
	Slope
	F-statistic
	Degrees of freedom
	p-value
	Adjusted R2

	Plant community
	5
	0.0050
	7.22
	92
	<0.05
	0.06

	
	6
	0.0054
	0.43
	33
	0.51
	-0.02

	
	12
	0.0004
	0.01
	28
	0.92
	-0.04

	
	14
	-0.0081
	3.33
	31
	0.08
	0.07

	Dominant grass
(Bouteloua eriopoda)
	5
	0.0024
	1.87
	55
	0.18
	0.02

	
	6
	-0.0008
	0.03
	15
	0.86
	-0.06

	
	12
	0.0062
	5.03
	9
	0.05
	0.29

	
	14
	-0.0102
	1.08
	10
	0.32
	0.01

	Dominant shrub
(Neltuma glandulosa)
	5
	0.0083
	6.85
	22
	<0.05
	0.20

	
	6
	0.0138
	5.03
	16
	<0.05
	0.19

	
	12
	0.0062
	5.10
	16
	<0.05
	0.19

	
	14
	0.0006
	0.04
	17
	0.85
	-0.06

	Soil
(0-10 cm)
	5
	0.0141
	15.2
	61
	<0.001
	0.19

	
	6
	0.0078
	0.48
	16
	0.50
	-0.03

	
	12
	0.0015
	1.73
	17
	0.21
	0.04

	
	14
	-0.0026
	0.79
	12
	0.39
	-0.02
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Table S8. Output for linear regressions relating the change in temporal slopes of δ15N versus precipitation to duration of rainfall manipulation experiments for the plant community, the dominant grass (Bouteloua eriopoda), and the dominant shrub (Neltuma glandulosa). Surface soils were not analyzed since comparisons were made with the spatial regressions, built using data from foliar samples. Significant regressions are indicated by p < 0.05. 
	
	
	
	
	
	
	

	Group
	Intercept
	Slope
	F-statistic
	Degrees of Freedom
	p-value
	Adjusted R2

	Plant community
	0.013
	-0.0013
	10.21
	1, 2
	0.09
	0.75

	Dominant grass
(Bouteloua eriopoda)
	0.0055
	-0.00066
	0.42
	1, 2
	0.58
	-0.24

	Dominant shrub
(Neltuma glandulosa)
	0.017
	-0.0010
	4.56
	1, 2
	0.17
	0.54

	
	
	
	
	
	
	




Table S9. Output for mixed linear effects of precipitation on plant community foliar %N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	1.28
	0.66 to 1.91
	< 0.001

	Precipitation
	0.01
	0.00 to 0.02
	< 0.001

	
Random Effects

	σ2
	0.43
	
	

	τ00 plot:experiment
	0
	
	

	τ00 year collected
	0
	
	

	τ00 experiment
	0.03
	
	

	N plot
	17
	
	

	N experiment
	3
	
	

	N year collected
	4
	
	

	Observations
	66

	Marginal R2 / Conditional R2
	0.16 / NA




Table S10. Output for mixed linear effects of precipitation on dominant grass (Bouteloua eriopoda) foliar %N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	1.03
	0.60 to 1.45
	< 0.001

	Precipitation
	0.01
	0.01 to 0.02
	< 0.001

	
Random Effects

	σ2
	0.11
	
	

	τ00 plot:experiment
	0
	
	

	τ00 year collected
	0
	
	

	τ00 experiment
	0
	
	

	N plot
	17
	
	

	N experiment
	3
	
	

	N year collected
	4
	
	

	Observations
	34

	Marginal R2 / Conditional R2
	0.38 / NA




Table S11. Output for mixed linear effects of precipitation on dominant shrub
(Neltuma glandulosa) foliar %N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	1.95
	0.70 to 3.19
	0.004

	Precipitation
	0.01
	-0.00 to 0.03
	0.077

	
Random Effects

	σ2
	0.31
	
	

	τ00 plot:experiment
	0.02
	
	

	τ00 year collected
	0.06
	
	

	τ00 experiment
	0
	
	

	N plot
	9
	
	

	N experiment
	2
	
	

	N year collected
	4
	
	

	Observations
	27

	Marginal R2 / Conditional R2
	0.23 / NA




Table S12. Output for mixed linear effects of precipitation on surface soil
(0–10 cm)%N. Fixed effects estimates whose confidence intervals (CI) do not overlap with zero indicate a significant effect.

	Predictors
	Estimates
	CI
	p-value

	(Intercept)
	0.04
	0.01 to 0.06
	0.004

	Precipitation
	-0.00
	-0.00 to 0.00
	0.701

	
Random Effects

	σ2
	0
	
	

	τ00 plot:experiment
	0
	
	

	τ00 year collected
	0
	
	

	τ00 experiment
	0
	
	

	ICC
	0.52
	
	

	N plot
	17
	
	

	N experiment
	3
	
	

	N year collected
	4
	
	

	Observations
	35

	Marginal R2 / Conditional R2
	0.016 / 0.523




Table S13. Output for linear regressions of precipitation on plant community, dominant grass (Bouteloua eriopoda), dominant shrub (Neltuma glandulosa), and surface soil (0–10 cm) %N. The primary result of focus is the change in slope through time. Significant regressions are indicated by model fits with p < 0.05. 

	Group
	Time (years)
	Slope
	F-statistic
	Degrees of freedom
	p-value
	Adjusted R2

	Plant community
	5
	0.0033
	4.73
	92
	< 0.05
	0.039

	
	6
	-0.0022
	0.35
	33
	0.56
	-0.019

	
	12
	-0.0032
	6.46
	28
	< 0.05
	0.160

	
	14
	-0.0010
	0.91
	31
	0.35
	-0.003

	Dominant grass
(Bouteloua eriopoda)
	5
	-0.0007
	0.84
	55
	0.36
	-0.003

	
	6
	-0.0056
	10.33
	15
	< 0.01
	0.368

	
	12
	-0.0012
	2.45
	9
	0.15
	0.126

	
	14
	0.0037
	2.80
	10
	0.13
	0.141

	Dominant shrub
(Neltuma glandulosa)
	5
	0.0053
	6.27
	22
	< 0.05
	0.186

	
	6
	0.0023
	1.70
	16
	0.21
	0.040

	
	12
	-0.0011
	1.35
	16
	0.26
	0.020

	
	14
	-0.00081
	0.45
	17
	0.51
	-0.031

	Soil
(0-10 cm)
	5
	0.000036
	0.65
	61
	0.43
	-0.006

	
	6
	-0.000090
	2.14
	16
	0.16
	0.063

	
	12
	0.000034
	1.38
	17
	0.26
	0.021

	
	14
	-0.000028
	0.87
	12
	0.37
	-0.010
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