Supporting Information


Table S1 Results of a linear mixed model (all individual samples were included in the analysis, experimental run and growth chamber were defined as the random effects) testing the differences in the diurnal trend (day vs. night) of Δ18O of leaf water (Δ18OLW) and Δ18O of sucrose (Δ18OSucrose). Average values for day and night (mean ± SE) and P-values.
	Parameter 
	Mean day ± SE (‰)
	Mean night ± SE (‰)
	P-value 
day vs. night

	∆18OLW (n = 160) 
	9.3 ± 0.1
	8.1 ± 0.1 
	< 0.001

	∆18OSucrose (n = 70)
	41.2 ± 0.7
	40.8 ± 0.7 
	0.24




[bookmark: _Hlk127892093]Table S2 Effect of atmospheric CO2 concentration and daytime relative humidity (RH) and their interaction on deuterium deviation from the global meteoric water line (∆dl) during transpiration of leaf water of L. perenne: averages for each treatment (mean ± SE) calculated based on canopy scale replicates (n = 3-5) (a) and P-values of a two-way ANOVA (b). ∆dl was calculated following Voelker et al. (2014): ∆dl (‰) = (δ2HLW – 8 δ18OLW) – 10. Leaf water samples of mature leaves taken near the end of the light period were used for the calculation. Larger (more negative) deuterium deviations indicate a higher evaporative enrichment (Voelker et al. 2014).
	(a)
	Atmospheric CO2 concentration (mol mol-1)
	Daytime RH (%)
	∆dl (‰)
 (mean ± SE)

	
	200 
	50
	-47.4 ± 1.2

	
	400
	50
	-50.8 ± 3.2

	
	800
	50
	-44.8 ± 1.8

	
	200
	75
	-43.7 ± 2.8

	
	400
	75
	-40.2 ± 1.5

	
	800
	75
	-37.1 ± 1.2

	(b)
	Effect significance (P-value)

	
	CO2
	RH
	CO2:RH

	
	0.06
	<0.01
	0.65 
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Figure S1 Fraction of unenriched source water in bulk leaf water (φLW) (a) and non-photosynthetic tissue water (φnon-SSW) (b) in canopies of L. perenne, as influenced by atmospheric CO2 concentration (circles, 200 μmol mol-1; triangles, 400 μmol mol-1; squares, 800 μmol mol-1), at low (RH = 50%, red symbols) and high daytime relative humidity (RH = 75%, blue symbols). Values were calculated using Δ18OLW data obtained either at the end of the light (open symbols) or the dark period (closed symbols). Data points and error bars represent the mean ± SE of canopy scale replicates (n=3-5).
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Figure S2 Δ18O of bulk leaf water (Δ18OLW), photosynthetic medium water (Δ18OSSW) and leaf sucrose (Δ18OSucrose) as influenced by atmospheric CO2 concentration at low (RH = 50%) and high daytime relative humidity (RH = 75%). Δ18OSSW was estimated as Δ18OSucrose – bio, with bio = 26.7‰. Data points and error bars represent the mean ± SE of canopy scale replicates (n=3-5). 

[image: ]
Figure S3 δ18O of sucrose of L. perenne leaf blades grown in the presence of 18O-depleted (range from -2.0 ± 0.2‰ to -9.0 ± 0.7‰) or 18O-enriched CO2 (range from 14.1 ± 0.2‰ to 20.2 ± 0.8‰). The two CO2 sources were used in parallel, i.e. in the two growth chambers of the same treatment in the same experimental run. Three [CO2] levels (circles = 200, triangles = 400 and squares = 800 μmol mol-1) and two daytime RH levels (red = 50% and blue = 75%) were applied in the experiment. The solid line indicates the 1:1 relationship; the dashed line gives the regression line with a slope = 1. The corresponding offset was 0.25‰ and not significantly different from zero. Data points represent the treatment means. 
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Figure S4 Effect of relative humidity on the proportion of unenriched xylem water in 18O-enriched bulk leaf water (φLW = 1 – Δ18OLW/Δ18Oe) in two grassland field studies (only existing grassland 18O field studies, according to the review by Cernusak et al., 2022): Hirl et al., 2019 (open symbols) and Zhao et al., 2014 (closed symbols). The dash-dotted line (Hirl et al. 2016, P < 0.01, R2 = 0.13) and the dashed line (Zhao et al., 2014, P = 0.02, R2 = 0.64) represent the regression line for each experiment. The sensitivity of φLW to RH was the same in both experiments (-0.005/% RH). Data presented correspond to measurements performed during the day (10:00 – 16:00).
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