TABLES
Table 1 Definitions of symbols, and specifications
	Symbol
	Definition
	Specification

	δ18OX (or δ2HX)
	The relative abundance of 18O (or 2H) in a sample X (source water, bulk leaf water or water in the leaf growth-and-differentiation zone, LGDZ) calculated as δ18OX (or δ2HX = RX/Rs – 1, with RX and Rs the molar abundance ratios, 18O/16O (or 2H/1H), of the sample and of Vienna standard mean ocean water (VSMOW) 
	Tissue water in the LGDZ was collected as in Liu et al. (2017)

	δ18OSource or δ2HSource 
	The flux-weighted average δ18O/ δ2H of the water taken up by the root system of a plant, often termed δ18O/ δ2H of xylem water
	δ18O of nutrient solution (–9.7 ± 0.2‰ SD);
δ2H of nutrient solution (–70.1 ± 1.2‰ SD) 

	δ18OVapor  or δ2HVapor
	The δ18O/or δ2H of vapor as measured above the canopy
	[bookmark: _Hlk126500621][bookmark: _Hlk126500645]δ18OVapor/ δ2HVapor: constant across experimental runs and treatments, but more enriched during the dark period (δ18O = −14.2‰ ± 0.5‰ SD; δ2H = −104.6‰ ± 3.8‰ SD) than during the light period (δ18O = −15.2‰ ± 0.6‰ SD; δ2H = −109.6‰ ± 4.4‰ SD)

	18OX
	The 18O enrichment above source water of a sample X (leaf water, LGDZ water, sucrose, or vapor) calculated as 18OX = (δ18OX – δ18OSource) / (1 + δ18OSource) 
	

	18OLW
	The 18O of bulk leaf blade water
	

	18OSSW
	The 18O of medium water at the site of photosynthesis and associated sucrose synthesis, estimated as 18OSucrose – bio
	

	18Onon-SSW
	The 18O of water in the total non-photosynthetic fraction of the leaf blade
	Calculated by isotopic mass balance (Eqn 6) using replicate-specific data of 18OLW, 18OSSW and estimates of the non-photosynthetic bulk leaf water fraction (fnon-SSW) of L. perenne leaf blades 

	bio 
	The average biochemical fractionation between carbonyl oxygen and water. 
	26.7‰, according to the temperature dependence of bio for cellulose synthesis in aquatic plants as reported by Sternberg & Ellsworth (2011); closely similar to the constant bio = 27‰ used in most studies (Barbour, 2007)

	18Oe
	Theoretical estimate of the transpiration-weighted 18O at the evaporative site of whole leaf blades (Farquhar & Gan, 2003)
	Estimated using Eqn 1

	+ 
	the equilibrium fractionation between liquid and vapor phase
	Estimated according to Majoube (1971):
,
with T the measured leaf temperature 

	k 
	the kinetic fractionation during diffusion of water vapor through the leaf boundary layer and stomata
	Calculated as in Farquhar et al. (1989)
,
with rs and rb the stomatal and boundary layer resistances, respectively (inverses of stomatal and boundary layer conductances)  


	wa/wi 
	the ratio of the water vapor mole fractions in the air outside the leaf boundary layer and at the evaporative sites inside the leaf
	

	X
	The proportional difference between 18OX (the 18O of a sample X) and 18Oe (i.e., X = 1 – 18OX/18Oe), with X representing either bulk leaf blade, SSW or non-SSW water  
	

	L 
	The effective path length of liquid water transport through the leaf
	Calculated by solving Eqn 4 and 7

	fx; (1 – fx)
	The fraction of vein water in bulk leaf water; (1 – fx) the remaining leaf water
	

	fSSW; fnon-SSW
	The photosynthetic (and sucrose synthesis) water (SSW) and non-photosynthetic water (non-SSW) fractions of bulk leaf blade water (fnon-SSW = 1 – fSSW)
	fnon-SSW = 0.53 estimated as the fraction of non-mesophyll water in bulk leaf blade water of L. perenne according to published leaf anatomy data (Charles-Edwards et al., 1974; Dengler et al., 1994) and used in Eqn 6 under the standard assumption of a well-mixed mesophyll. In a sensitivity analysis (Fig. 4, see also Fig. 7) we also used fnon-SSW = 0.70 and 0.88 to assess putative effects of a non-fully-mixed mesophyll.     

	gs H2O
	Stomatal conductance to H2O
	From leaf level measurements under the same environmental conditions as in the growth chambers for each treatment

	gs CO2
	Stomatal conductance to CO2
	As specified for gs H2O, above

	gm
	Mesophyll conductance to CO2
	Estimated using the 13C discrimination method (Evans et al., 1986) during parallel gs and Eleaf measurements

	gtotal
	Total conductance for CO2, estimated as the sum of gs CO2 and gm
	Calculated as 1/(1/gs CO2 + 1/gm)

	Eleaf
	Leaf transpiration rate
	From leaf level measurements under the same environmental conditions as in the growth chambers for each treatment




Table 2 Effect of atmospheric CO2 concentration and daytime relative humidity (RH) and their interaction on 18O enrichment (18O) of bulk leaf water sampled at 2 h before the end of the 16 h-long light (18OLW day) and 8 h-long dark periods (18OLW night), sucrose synthesis water (18OSSW), modelled leaf-level evaporative site 18O enrichment during the light period (18Oe), proportional deviation between  18OLW day and 18Oe (LW) and between 18OSSW and 18Oe (SSW), physiological parameters of L. perenne leaves: transpiration (Eleaf), stomatal conductance to water vapor (gs H2O) and mesophyll conductance (gm), leaf water content (LWC) and leaf water turnover time (calculated as LWC/ Eleaf). Averages for each treatment (mean ± SE) and P-values of a two-way ANOVA for multiple physiological parameters measured in replicated mesocosm experiments. Significant effects are given in bold type. Averages were calculated based on individual leaf replicates in the case of gas exchange parameters (Eleaf, gs H2O and gm, n = 6-12) and canopy scale replicates for all other parameters (n = 3-5). 
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	CO2
	RH
	CO2:RH

	18OLW day (‰)
	9.9 (0.2)
	9.6 (0.5)
	8.6 (0.2)
	
	10.2 (0.9)
	9.2 (0.8)
	7.9 (0.4)
	
	<0.01
	0.55
	0.47

	18OLW night (‰)
	8.5 (0.3)
	8.2 (0.1)
	6.7 (0.4)
	
	8.8 (0.6)
	8.6 (0.1)
	7.6 (0.5)
	
	<0.001
	0.09
	0.34

	18OSSW (‰)
	18.7 (1.9)
	17.5 (0.7)
	15.9 (0.8)
	
	12.4 (0.5)
	11.3 (1.0)
	10.3 (0.2)
	
	0.02
	<0.001
	0.74

	18Oe (‰)
	18.0 (0.2)
	19.0 (0.1)
	20.1 (0.2)
	
	10.6 (0.4)
	12.3 (0.3)
	13.4 (0.1)
	
	<0.001
	<0.001
	0.19

	LW
	0.45 (0.01)
	0.50 (0.02)
	0.57 (0.01)
	
	0.03 (0.11)
	0.26 (0.06) 
	0.41 (0.03)
	
	<0.001
	<0.001
	0.03

	SSW
	-0.04 (0.12)
	0.08 (0.04)
	0.20 (0.05)
	
	-0.17 (0.05)
	0.08 (0.06)
	0.23 (0.01)
	
	<0.001
	0.54
	0.26

	Eleaf (mmol m-2 s-1)
	3.3 (0.3)
	2.3 (0.2)
	1.4 (0.1)
	
	2.9 (0.2)
	1.9 (0.2)
	1.0 (0.1)
	
	<0.001
	0.01
	0.64

	gs H2O (mol m-2 s-1)
	0.30 (0.03)
	0.19 (0.02)
	0.11 (0.01)
	
	0.78 (0.08)
	0.35 (0.04)
	0.16 (0.03)
	
	<0.001
	<0.001
	<0.001

	gm (mol m-2 s-1)
	0.43 (0.04)
	0.37 (0.07)
	0.22 (0.05)
	
	0.36 (0.02)
	0.31 (0.03)
	0.14 (0.02)
	
	<0.001
	0.06
	0.81

	LWC (mol m-2)
	12.2 (0.1)
	12.9 (0.2)
	13.8 (0.2)
	
	12.8 (0.0)
	12.2 (0.1)
	12.4 (0.0)
	
	<0.01
	<0.01
	<0.001

	Turnover time (min)
	62 (1)
	92 (1)
	163 (2)
	
	73 (0)
	107 (1)
	212 (1)
	
	<0.001
	<0.001
	<0.001




