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In their reexamination of an earlier study (1) in which
water isotope data from globally distributed sites were
compiled, Evaristo et al. (2) show that, after accounting
for extraction artifacts, precipitation offsets of xylem
water (dxylem_c) are still statistically distinct from those
of stream (dstream)/groundwater (dgw) in a majority
of the sampling sites. In agreement, our own analysis
on the dataset of ref. 1 also revealed a significant
dxylem_c versus dgw/dstream difference at the global
scale (Table 1). However, we would like to point out
that these analyses miss a crucial point: By removing
the ∼8‰ stem water extraction-associated error, there
is as much “ecohydrological separation” from xylem
water to groundwater as there is between stream and
groundwater.

In our opinion, assessment of ecohydrological sep-
aration based solely on statistical significance in “offset”
differences—as done here by Evaristo et al. (2)—is
problematic, as it ignores the fact that, upon artifact
correction, the originally large deviation in xylem water
offset from groundwater/stream offset becomes very
small (i.e., globally averaged dxylem_c differs from dgw

by only 0.7‰; figure 5 in ref. 3), comparable in magni-
tude even to deuterium measurement precisions typi-
cally reported in literature (4, 5). Note that similarly
minor and significant difference also exists between
dgw and dstream (Table 1), but Evaristo et al. (1) do not
use this small difference to argue that groundwater
and steam water are hydrologically disconnected;
rather, they correctly assume the opposite. As a mat-
ter of fact, the small degree of between-water pool
isotopic segregation could arise from many common

vagaries associated with field observations (i.e., different
water pools may be subject to variable degrees of
evaporative enrichment, or may be more or less of
a reflection of a growing season versus annually av-
eraged isotope signal), and so should not be taken as
a sign for ecohydrological separation. It is for this
reason that we chose not to focus on statistical signifi-
cance, but to emphasize that the xylem water offset
after artifact correction “is much closer to the offsets
of groundwater and stream water than to the offset
of soil water” in our discussion about the implication
of extraction artifact correction for ecohydrological
separation.

In our study, we show that the determined magni-
tudes of deuterium depletion during stem water
cryogenic extraction broadly agree with those reported
previously in various plants under diverse settings
(i.e., including many nonsandy, field-based settings)
(6–10). Notwithstanding, as acknowledged in refs. 3
and 11—and also in agreement with the criticism
in ref. 2—our use of a species-averaged Δ value de-
termined from a single experiment to correct for a
metadataset spanning many species/environments is
certainly not the most ideal way of accounting for deu-
terium biases. As further noted in ref. 11, we have ex-
plicitly pointed to the illustrative nature of this artifact
correction practice, that is, by stating that the analysis
“was intended to illustrate the need for measurement
artifact correction” in studies of ecohydrological sep-
aration, rather than to draw a definitive conclusion
about the validity of the “ecohydrological separation”
concept per se.

aCollege of Life Sciences and Oceanography, Shenzhen University, 518060 Shenzhen, China; bShenzhen Key Laboratory of Marine Biological
Resources and Ecological Environment, Shenzhen University, 518060 Shenzhen, China; cDepartment of Biology, University of Pennsylvania,
Philadelphia, PA 19104; and dIsotopomics in Chemical Biology, School of Chemistry & Chemical Engineering, Shaanxi University of Science &
Technology, 710021 Xi’an, China
Author contributions: X.S. designed research; Y.C. performed research; X.S. and Y.C. analyzed data; and X.S., Y.C., B.R.H., X.T., F.L., and Y.Z. wrote
the paper.
The authors declare no competing interest.
Published under the PNAS license.
1To whom correspondence may be addressed. Email: songxbnu@gmail.com.
Published April 13, 2021.

PNAS 2021 Vol. 118 No. 17 e2103604118 https://doi.org/10.1073/pnas.2103604118 | 1 of 2

L
E
T
T
E
R

https://orcid.org/0000-0002-8513-3595
https://orcid.org/0000-0002-9330-7444
https://orcid.org/0000-0001-7621-2358
https://orcid.org/0000-0003-4686-4990
https://orcid.org/0000-0001-7835-7542
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2103604118&domain=pdf
https://www.pnas.org/site/aboutpnas/licenses.xhtml
mailto:songxbnu@gmail.com
https://doi.org/10.1073/pnas.2103604118
https://doi.org/10.1073/pnas.2103604118


1 J. Evaristo, S. Jasechko, J. J. McDonnell, Global separation of plant transpiration from groundwater and streamflow. Nature 525, 91–94 (2015).
2 J. Evaristo, Y. Jameel, K. P. Chun, Implication of stem water cryogenic extraction experiment for an earlier study is not supported with robust context-specific
statistical assessment. Proc. Natl. Acad. Sci. U.S.A., 10.1073/pnas.2100365118 (2021).

3 Y. Chen et al., Stem water cryogenic extraction biases estimation in deuterium isotope composition of plant source water. Proc. Natl. Acad. Sci. U.S.A. 117,
33345–33350 (2020).

4 A. G. West, G. R. Goldsmith, P. D. Brooks, T. E. Dawson, Discrepancies between isotope ratio infrared spectroscopy and isotope ratio mass spectrometry for the
stable isotope analysis of plant and soil waters. Rapid Commun. Mass Spectrom. 24, 1948–1954 (2010).

5 J. R. Brooks, H. R. Barnard, R. Coulombe, J. J. McDonnell, Ecohydrologic separation of water between trees and streams in a Mediterranean climate.Nat. Geosci.
3, 100–104 (2010).

6 G. Lin, L. S. L. da Sternberg, “Hydrogen isotopic fractionation by plant roots during water uptake in coastal wetland plants” in Stable Isotopes and Plant Carbon-
Water Relations, J. R. Ehleringer, A. E. Hall, G. D. Farquhar, Eds. (Academic, 1993), pp. 497–510.

7 P. Z. Ellsworth, D. G. Williams, Hydrogen isotope fractionation during water uptake by woody xerophytes. Plant Soil 291, 93–107 (2007).
8 L. Zhao et al., Significant difference in hydrogen isotope composition between xylem and tissue water in Populus euphratica. Plant Cell Environ. 39, 1848–1857
(2016).

9 A. Barbeta et al., Unexplained hydrogen isotope offsets complicate the identification and quantification of tree water sources in a riparian forest. Hydrol. Earth
Syst. Sci. 23, 2129–2146 (2019).

10 M. Poca et al., Isotope fractionation during root water uptake by Acacia caven is enhanced by arbuscular mycorrhizas. Plant Soil 441, 485–497 (2019).
11 X. Song et al., Reply to Zhao: The demonstrated magnitude of artifact during stem-water extraction signals a clear need for deuterium correction. Proc. Natl. Acad.

Sci. U.S.A. 118, e2102585118 (2021).

Table 1. P values for a nonparametric test (Kruskal−Wallis multiple comparison test; α = 0.05)
for differences among precipitation offsets of different water types in the globally compiled
dataset in ref. 1

dstream dsoil dxylem dxylem_c

dgw <0.001 <0.001 <0.001 <0.001
dstream <0.001 <0.001 <0.001
dsoil <0.001 <0.001
dxylem <0.001

Here dgw, dstream, dsoil, dxylem_c, and dxylem refer to precipitation offsets of groundwater, stream water, soil water,
and xylem water with and without taking cryogenic extraction caused bias into consideration, respectively. Whole-
dataset averaged offset value for each water type can be found in figure 5 in ref. 3.
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