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	[bookmark: _Hlk125910390]Figure 1 Isotopic composition of leaf blade water (closed symbols) and water in the leaf growth-and-differentiation zone (LGDZ) (open symbols) in 2H–18O dual isotope space at two daytime relative air humidity levels (RH): 50% (red) and 75% (blue) at three atmospheric CO2 concentrations during plant growth: 200 (a), 400 (b) and 800 mol mol-1 (c). The blue and red dashed lines and the shadowed areas indicate the evaporation lines ± CI95% for the different treatments. The black dashed line indicates the global meteoric water line (δ2H = 10‰ + 8 × δ18O). Data points correspond to individual samples taken near the end of the light period in replicated (n=3-5) mesocosm-scale experiments of L. perenne. For all individual CO2 levels, the slope was higher at high daytime RH compared to low daytime RH (slope values ± SE are presented inside the panels).  
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Figure 2 Relationship between Δ18O of leaf water (Δ18OLW) and Δ18O of photosynthetic medium water (Δ18OSSW) (a) and between leaf-scale Δ18O at the evaporative sites, calculated with the Craig-Gordon model (Δ18Oe), and Δ18OSSW (b) in young fully-expanded leaf blades of L. perenne plants grown in stands at different atmospheric CO2 concentrations (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). The dashed line represents the regression line of the relationship (only shown when significant, P < 0.05). The continuous line represents the 1:1 line. Data points and error bars represent the mean ± SE.
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	Figure 3 Air temperature (Tair) (a), difference between leaf temperature (Tleaf) and Tair (b) and water vapor concentration gradient between the substomatal cavities (wi) and ambient air (wa) (c) during leaf gas exchange measurements of L. perenne leaves (youngest mature, i.e. fully-expanded, leaf blades). Plants were grown in dense canopies under contrasting CO2 concentrations (circles, 200 μmol mol-1; triangles, 400 μmol mol-1; squares, 800 μmol mol-1) and daytime RH levels (low RH = 50%, red symbols; high RH = 75%, blue symbols). CO2 concentration and RH of the growth environments were replicated in the leaf gas exchange measurements and Tleaf was kept constant at 21°C for all treatments. Data points and error bars represent the mean ± SE.
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[bookmark: _Hlk133865397]Figure 4 Effect of the ‘well-mixed mesophyll’ assumption (represented by varying the fraction of non-photosynthetic tissue water) on estimates of Δ18O of non-photosynthetic tissue water (Δ18Onon-SSW) (a), the fraction of unenriched water in the non-photosynthetic tissue (φnon-SSW) (b), and the effective path length (L) (c and d) in young fully-expanded leaf blades of L. perenne plants grown in stands at different atmospheric CO2 concentrations at a daytime RH of 75% (blue bars) or 50% (red). fnon-SSW = 0.53 is the anatomically-based estimate of the proportion of non-mesophyll tissue in leaves of perennial ryegrass and assumes a well-mixed mesophyll (in accordance with Eqn 9 of Holloway-Phillips et al., 2016) in the equations used to estimate parameters in panels a-d. Estimates fnon-SSW = 0.70 or 0.88 account for the possibility that the mesophyll is not well-mixed and consider that half or all of the mesophyll vacuole volume is in equilibrium with non-mesophyll tissue (for further detail, see 2.7). L was estimated using either Δ18Oe (LCG) or Δ18OSSW (LSSW) for the isotopic composition of the photosynthetic water pool, i.e., the 1st term on the right-hand side of Eqn 7 (see Introduction). Data points and error bars represent the mean ± SE. Note that in (c) no L value could be fitted for the combination of low RH and fnon SSW = 0.53, for the CO2 concentration 800 μmol mol-1. 
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	Figure 5 Relationship between leaf transpiration (Eleaf) and the fraction of unenriched source water in bulk leaf water (φLW) (a) in photosynthetic medium water (φSSW) (b) and in non-photosynthetic tissue water (φnon-SSW) (c) in young fully-expanded leaf blades of L. perenne plants grown in stands at different atmospheric CO2 concentrations (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). Note the differences in the scaling of the y-axes. φnon SSW was estimated using isotopic mass-balance as explained in Materials and Methods (2.7) and assuming a well-mixed mesophyll for the estimation of the fraction of non-photosynthetic tissue water (fnon-SSW  = 0.53). The dashed lines represent the regression lines of the relationships (only shown when significant, P < 0.05). Data points and error bars represent the mean ± SE.
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Figure 6 Relationship between the proportional deviation of Δ18OSSW from Δ18Oe, φSSW (= 1 –Δ18OSSW/Δ18Oe), and leaf stomatal (gs CO2) (a), mesophyll (gm) (b) and total (calculated as 1/(1/gs CO2+1/gm)) (c) conductance to CO2 in young fully-expanded leaf blades of L. perenne plants grown in stands at different atmospheric CO2 concentrations  (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). The dashed lines represent the regression lines of the relationships. Data points and error bars represent the mean ± SE.
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	[bookmark: _Hlk126000039]Figure 7 Relationship between the ratio of transpiration (Eleaf) over vapor invasion (estimated as gs  wa, Farquhar et al., 2007) and φnon-SSW (the proportional deviation of Δ18Onon-SSW from Δ18Oe) in young fully-expanded leaf blades of L. perenne plants grown in stands at different atmospheric CO2 concentrations: 200 (circles), 400 (triangles) or 800 μmol mol-1 (squares) at a daytime relative humidity of air (RH) of 50% (red) or 75% (blue). Note that the CO2-dependent variation of Eleaf/vapor invasion is driven by differences of Tleaf – Tair (see Fig. 3). The dashed lines represent fitted asymptotic curves for the relationship for different fnon-SSW values (Pseudo-R2 > 0.96 in all cases). Data points and error bars represent the mean ± SE of values calculated with fnon-SSW = 0.53 (fnon-SSW under the assumption of a well-mixed mesophyll). 
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