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Tree water transport is not unidirectional (i.e. 
from roots to leaves) 

• Water transported and stored in the 
phloem can actively participate in the 
transpiration stream

• Tree hydraulic models and field 
experiments (e.g. Steppe et al., 2006; Hölttä et 

al., 2009; De Schepper & Steppe, 2010; Pfautsch et al., 

2015; Hubeau & Steppe, 2015) have now shown 
the tight hydraulic linkage between 
xylem and phloem 

• This important storage of phloem 
water has yet to be considered in 
dual-isotope investigation of tree 
water source
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Daily and Sub-daily resolution phloem and 
xylem water

1) How do isotope ratios in phloem and 
xylem covary? 

2) How does it change during stem 
diurnal cycle (i.e. during depletion and 
refilling of phloem water)? 
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Experimental setup: Lysimeter & Salix 
viminalis

• We conducted our controlled 
experiment in a large lysimeter situated 
in an open field planted with Salix 
viminalis

• We monitored tree hydrodynamics using 
a point dendrometers (Ecomatik; type 
DD-S) and heat balance sensors (EXO-
Skin SGA19; SGA 25, SGA 25 Dynamax) 
to monitor stem diameter variation and 
sap flow, respectively.

• We sampled the isotopoc composition of 
xylem and phloem water simultaneously 
from June 4 to June 29, 2018. We 
collected xylem and phloem samples 
from the same branch. 
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Additional information on this experiment: Nehemy et al., 2021 Hydrological Process (doi: 10.1002/hyp.14004); 
Benettin et al., 2021 Water Resources Research (doi: 10.1029/2020WR029049)
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Phloem and xylem water extraction and 
isotopic analysis

• We extracted xylem and phloem water 
using a cryogenic vacuum distillation 
system following Koeniger et al., (2011)

• We analysed the isotopic composition of 
xylem and phloem using isotope ratio 
mass spectrometry (IRMS). δ18O and δ2H 
values are expressed in delta notation 
relative to the international standard V-
SMOW

• We computed the isotopic δ2H and δ18O 
difference between phloem and xylem 
pools (expressed at per mil, ‰) as: 

Δphloem-xylem = δphloem - δxylem 
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Xylem water is more enriched in heavy 
isotopes than phloem water

• Phloem and xylem isotopic composition 
(δ18O and δ2H) was significantly distinct 
throughout the sampling period 
(Wilcoxon signed-rank test, p < 0.001).

• Our data shows that xylem water plotted 
further away from the local meteoric 
water line (LWML) than phloem water and 
was systematically more enriched in 18O 
and 2H than phloem water (on average + 
0.66 ‰ δ18O and + 2.05 ‰ δ2H).

• Despite been statistically distinct, xylem 
and phloem water isotopic composition 
was significantly correlated in both δ18O (r
= 0.75) and δ2H (r = 0.89) throughout the 
experiment. 
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Integrated daily phloem water use and 
Δphloem-xylem

• The δ2H difference (Δphloem-xylem) 
between phloem and xylem was 
statistically shown to increase with the 
increase in daily use of phloem water, 
while δ18O difference between phloem 
and xylem increases with the increase in 
transpiration rate. 
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Sub-daily resolution: Phloem and xylem water 
and tree hydrodynamics

• We observed variability in the xylem and 
phloem isotopic composition throughout 
the diurnal cycle (e.g. nighttime, 
predawn, morning and midday)

• The largest difference between phloem 
and xylem is observed during phloem 
refilling (blue circles; shaded blue), while 
the smallest difference is observed at 
predawn (purple circles).

• Xylem and phloem were distinct in both, 
δ18O (p < 0.01) and δ2H (p < 0.05) prior to 
irrigation. Despite some small differences 
in isotopic composition during irrigation, 
they were not significantly distinct in both 
δ18O and δ2H.
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Phloem water is rarely reported, and only one 
isotope (δ18O or δ2H) is reported per study

• Our results showed that on average S. 
viminalis xylem water was more enriched 
in heavy isotopes than phloem water.

• Our work supports the early findings from 
Wershaw et al (1966) that showed phloem 
water was more depleted in 2H than xylem 
water. But, we observed larger offsets.

• Adar et al., (1995) and Cernusak et al. 
(2005) showed that phloem water was 
more enriched in 18O than xylem water.

• Similarly to our observations, Cernusak et 
al., (2005) also noted temporal variability 
in the difference between phloem and 
xylem water isotopic composition.
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What mechanisms could explain phloem 
water depleted isotopic values?

• The cell-to-cell pathway modulated by 
aquaporins have been suggested as the 
main pathway for water movement 
between xylem and phloem (Sevanto et 
al. 2011) 

• Steppe et al. (2012) suggested that xylem-
phloem radial flow is modulated by 
aquaporins when demands are high, 
while, apoplastic transport  takes place 
when hydraulic demands are low.

• Additionally, aquaporins have shown 
lower osmotic permeability of 2H2

16O 
compared to 1H2 

16O (Mamonov et al., 
2007)
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What mechanisms could explain phloem 
water depleted isotopic values?

• We hypothesize that when water enters 
the xylem in the roots and moves into the 
phloem via aquaporins, phloem is 
preferentially refilled with lighter isotopes 
(1H and 16O). 

• Xylem water may also become slightly 
enriched in heavy isotopes (2H and 18O) 
with the preferential transport of lighter 
isotopes into the phloem.

• Would phloem water explain small 
fractionation observed in xylem water?

• We advocate for more studies sampling 
phloem water along with xylem across 
different species and wetness conditions.
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Would you like to further discuss these 
findings? Or have questions?
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Email me or find me on Twitter and 
Research Gate

magali.nehemy@usask.ca

@MagaliNehemy

Magali F. Nehemy

This work was supported in part by a Horton Research Grant from the 
American Geophysical Union to Magali Nehemy
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