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We thank reviewer#1 Youri Rothfuss for his constructive comments and suggestions.
We considered each comment and you can find our replies below. We much appreciate
the positive feedback and many well-founded points that certainly will help to improve
the manuscript.

[1] The manuscript is an exhaustive and timely review on the subject of online nonde-
structive analysis of soil and plant water isotopic compositions. It is well written, easy to
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understand (at least to me) and well structured, exception made of Part 2.2, which does
not fit the scope of the paper, i.e., the “current status of in situ measurements of water
stable isotopes in soils and plants”. (I suggest removing it in my specific comments).

Reply: Thank you very much for the positive feedback. We wrote this review in order
to encourage people to further develop and simplify in situ methods and increase its
application. The feedback from somebody who is amongst the people at the forefront
of these developments helps us a lot. Part 2.2. We believe that it is important to also
consider chamber based in-situ methods in this paper: 1) they are quite important for
holistic approaches quantifying rapid soil-plant and plant-atmosphere feedbacks, 2) de-
spite them being not as recently developed as the methods based on semi-permeable
membrane, they are still quite novel and complete the “set” of in situ, field deployable
observation techniques for plant and soil isotopic signatures. For example, we could
gain better insight into water transport dynamics and storage/mixing in tree xylem by
measuring at different points along the plant water uptake path, i.e. in soils, in tree
xylem and in tree crowns (leaf chambers). Also, plant chambers are an important in
situ tool to measure plant water uptake of herbaceous species/all species that don’t
have suberized stems/that don’t have stems that are big enough to measure in the sap
wood directly. Perhaps that chapter appears a bit disconnected from the rest because
of different writing styles. We will consider rephrasing and homogenizing to create a
better ‘flow’.

[2] Also | leave to the editor to decide if the authors should extensively make reference
to their own unpublished/non peer reviewed work for proving their point.

Reply: Both papers that this comment refers to are accepted and published meanwhile.
We will update the reference list accordingly. (we were a bit counting on this while
preparing the manuscript)

[3] My first general comment is the following: the methods that we employ can only
be as good as the understanding that we have of the processes in play. For this we
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have physically-based models, that, despite their limitations, compile our knowledge
and propose possible explanations of (isotopic) observations. The “in situ” methods
— | argue later that they should be renamed “online” method — induce a paradigm
change in isotopic analysis and leave us with much more information to process. Effort
in linking the data stream to existing isotope-enabled models is therefore crucial and
should have its own section here, rather than mentioned now and then throughout the
manuscript. | wrote together with Mathieu Javaux a paper on the specific subject of
model-to-data exchange for the specific case of root water uptake analysis (Rothfuss
and Javaux, 2017).

Reply: Thank you, this is a good point. We definitely agree that there should be mod-
eling and measurement approaches going hand-in-hand. After careful consideration,
we decided that we will add a section on isotope-enabled models and how in situ mea-
surements relate to them. However, to do this, we would like to ask a third author to
contribute in this regard (K. Kilhnhammer). We leave it up to the editor to finally decide
that.

[4] My second general comment is that, in my opinion, the two-water-worlds (TWW)
hypothesis is not the development trigger of such techniques. | don’t see these meth-
ods as a way to validate the hypothesis. | know that the TWW attracts a lot of attention
therefore should be evocated in the main text but not named in the title, especially since
you only mention it in the introduction. Furthermore my opinion is that we cannot inves-
tigate these water worlds (or pools, even though the link between these two concepts
is not obvious) on basis of water stable isotopic measurements: using them makes
the analysis biased, as we implicitly recognize that these different worlds/pools exist.
There are other (e.g., geophysical, combined tracer) techniques that work on different
premises and should be used towards a proper characterization of these pools/worlds.

Reply: We agree, the TWW are not the trigger for such techniques. Our personal
opinion is that the TWW simply gives a new, fancy name to something that was already
known before and is explainable by soil hydraulic relationships and basic soil physics.
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This has been shown previously (Sprenger 2016 and Dubbert 2019). However, the
TWW definitely triggered a more process-based interest when using water isotope
data. The — slightly provocative — title we chose was meant to point to the fact that
the explanation for the TWW might not be as simple as the proposers thought initially.
To this end, the in situ, online, etc. (we will comment on that later) definitely help to
disentangle such effects (e.g. lag time from soil to plants can be investigated now
comprehensively, higher temporal resolution gives us a better idea of the methods
accuracy, methodological problems -e.g. condensation- can be directly recognized in
the field). Of course, it is not only in situ methods that will help in a deeper process-
based understanding. It is true that it might not be necessary to mention the water
worlds in the title. However, we'd like to emphasize again that our intention with this
title was to also reach out to the two water worlds community, who might otherwise not
be interested in the in situ topic at a first instance. In our opinion it is important to look
at such hypothesis from another angle and a review should somehow account for that.
Also, a comprehensive overview how in situ methods can help for a better process
understanding, the processes need to be introduced first. The introductory section of
a review paper is — in our opinion — a perfect platform for that. This is why we would
like to keep Figure 1 as well (see later comment).

We propose the following for the revised version: - We would like to keep lines 39-
54. - We propose to rephrase the title — if it is really necessary — to: ‘A review and
future perspective on in situ measurements of water stable isotopes in soils and plants’.
However, we would appreciate an opinion from the editor regarding changing the title
given our elaborations above. We believe that the current title is suitable for this review
and approaches a wider community. Perhaps, we need to clarify better in a revised
version why we chose the water world analogy.

[5] My third and last comment is about spatial (vertical and lateral) discretization and
representativeness of the online methods. They still poorly compare with those of the
destructive sampling approaches. What do we do in the field with these highly resolved
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and long-term isotope compositions data series if the information is only relevant at the
square meter-scale or for this particular plant individual?

Reply: This is a very good comment and we appreciate it. In the revised manuscript,
we will elaborate on this aspect in Section 4 Summary and Outlook. It is certainly
necessary to not only provide long-term and high-resolution datasets for one single
plot. There are efforts to improve on that and several groups (e.g. the Freiburg, Utah
and our own) are working on that. Having that said, many destructive sampling studies
use a very limited number of discretization points (e.g. one or two soil depth profiles, a
number of plant samples). In the end it depends on the purpose of the study how an
experiment should be designed.

Technical comments:

[6] Title: you do not measure the water stable isotopes, rather their isotopic composi-
tions.

Reply: Yes, this is a sloppy formulation. But we also do not measure isotopic compo-
sitions to be completely correct. (I checked recommendations by Coplen, 2011 and
Bond & Hobson, 2012): Isotopic composition refers to a general observation based on
isotopic information (e.g. “The isotopic composition of heron feathers varied between
sites”). It should not be used to refer to relative differences in isotope ratios. And:
‘Isotope ratios (R) are the simple ratio of the number of atoms of two isotopes in a
material), and the § value is a mathematical manipulation of a ratio of isotope ratios.”
Relative difference of isotope ratios” is cumbersome, and will not likely be universally
adopted, so authors should use the term “values” or “§ values” (e.g. “0 values dif-
fered between years” or “the measured § values are presented relative to the following
international reference materials”).” We will first clarify the terminology in a glossary
(proposed by an additional anonymous reviewer via direct Email) and subsequently
use either ‘isotope values’ or ‘¢ values’ throughout the manuscript (it is clear that the
review is on water stable isotopes). ‘Isotopic composition’ is — in our opinion — a rather
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uncommon notation.
Abtract

L10. "involving water stable isotopic measurements”; L11. “e.g”, not “i.e.”;L15. “in
the soil-vegetation-atmosphere continuum” (or e.g. “at the soil-atmosphere interface”
etc.) Reply: Thank you. We will correct the above three. L17. Mention and explain
shortly before what for you constitutes a “water pool”. Reply: Thank you. As we got the
advice to create a glossary of used terms in the beginning, we would incorporate ‘water
pool’ into this. L17. Reformulate: you mean certainly “spatial variability and temporal
dynamics of the water isotopic composition in terrestrial ecosystems”.

Reply: Correct, thanks, we will correct.

[7] L18ff. “in situ” is a vague term. . . destructive as well as non-destructive sam-
pling are always done in situ. On the other hand, the measurements are performed
on-line vs offline. Consider using another terminology throughout the MS, e.g. the
aforementioned “on-line”

Reply: We disagree. Here a definition of in situ: "A direct measurement of the measur-
and in its original place". That’s exactly what we do, when we measure in the field. If
an experiment is conducted in the laboratory and a soil column is prepared, this defini-
tion also covers that. Destructive samples are not measured in ‘their original place’. In
contrast, ‘online’ is in our opinion a vague term as many people confuse it with being
online - so does it mean the data is transmitted online? Here is a definition of on-line:
‘On-line means that’s it's generally continuous, or constantly taking the measure’. Most
in situ studies do not measure continuously.

[8] L19. “disentangle” is used twice in the abstract. Find alternate term here maybe. . .
Reply: We will do so.

[9] L 21. “water stable isotopic compositions”.
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Reply: See comment above, ‘isotope values’
[10] L21-28. Should be one single paragraph.
Reply: Agree, we will change this.

[11] L24. An interface cannot be threefold. You are talking of a continuum here. They
are many interfaces present within a continuum and in this particular case three, i.e.,
the soil-root, soil-atmosphere, and plant-atmosphere interfaces.

Reply: Thank you, we will correct this.
[12] L25. This is a given. Consider omitting.
Reply: OK, we will delete this.

[13] L25-26. “in situ methods for soils are well established”. The literature as well as
yourself later say otherwise.

Reply: Perhaps ‘well established’ is the wrong term used. What we mean is that several
authors have shown that reliable data can be generated in the field using such methods.
We will rephrase this in the revised version.

1. Introduction

[14] L45-48. What is always omitted and should be stated here is the water demand
vs water availability. Experts on root water uptake processes know that if a plant does
not need to extract water that is “easily” accessible, because it e.g., does not transpire
enough or is adapted in this regard. . .it will keep extracting “less available” water.
“Easily accessible® water is also poorer in dissolved oxygen and nutrients and might be
the last place to look for water for some species. This should be discussed.

Reply: We agree that the uptake of water is by no means a pure question of meeting the
transpirative demand of a plant. Therefore, while the relationship between plant water
potential and the soil water potential in different depth sets the boundary conditions
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for possible uptake depths profiles, there are other factors to consider such as the
availability of nutrients, which are commonly distributed exponentially in the soil. We
will add a discussion on this aspect as requested.

[15] L52. “at the soil-vegetation-atmosphere interface”. See my previous comment.
Reply: We will correct this.

[16] L55-64. Earlier you are talking of water “worlds” but here of “pools”. They are not
the same. This should be discussed as well.

Reply: See comment above. We will clarify this.
[17] L62-63ff. Edit reference format. It should be “et al”
Reply: We will correct this.

[18] L63-64. “As a consequence, a big question arises: Are all source water studies
wrong?”: this is a scary statement (!) Also do not say “wrong”, as there is a moral
aspect to it. “biased” sounds about right.

Reply: We agree and will rephrase this.
1.1 Are ecohydrological source water studies biased? — The need for in situ methods

[19] L70 “low suction tension” :)) Just say low “low tension” or “low soil water tension”
Reply: ‘suction tension’ is the accepted term in soil physics; thus, we will keep it as is.
Fig.1. You are missing evaporation! Also phloem-xylem exchange, Péclet effect, and
cuticular evaporation could be mentioned. In addition you should use arrows for fluxes
rather that for lag time. Anyway, is this (nice) drawing really needed? It is not quite
informative, and you don’t make use of it in the text.

Reply: Thanks for the comment. It is true that we omitted the abovementioned ef-
fects. We still believe that this graphic is a good way to lead the reader to the topic
and make them understand why in situ methods can contribute to improve process
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understanding. Thus, we would like to keep the graphic. We will add Evaporation and
phloem-xylem exchange in the revised version. Peclet effect and cuticular evaporation
somehow belong to evaporation; hence, we would add them in brackets () to evapora-
tion.

[20] L79. “water isotope composition values”

Reply: We do not see why ‘composition’ needs to be added here. See comment above
also. We propose to use ‘isotope values’ throughout the manuscript.

“2 Review: In situ approaches for measuring soil and plant water stable isotope com-
position”

[21] L102. “2.1 In situ soil water isotope composition depth profiles”
Reply: See comment above.

[22] L103-110. Nice §!

Reply: Thanks!

[23] L105. 62H needs definition

Reply: We will add this, perhaps as early as in the glossary.

[24] L105-106. Take care of the scientific grammar / isotopic terminology: it should
read “The determined isotope composition values agreed well with that of the samples
extracted from the soil”.

Reply: We will check again for this. However, the term ‘isotope composition value’
is extremely uncommon. We also did not find it in the terminology papers of Coplen
(2011) and Bond & Hobson (2012). The most common and correct according to their
definition is using ‘delta values’, though isotope values are found very often and —in our
opinion — not misleading. We will consequently use ‘isotope values’ or ‘delta values’.

[25] L103-212. “The concepts tested in Herbstritt et al. (2012) therefore can be seen
C9

as a baseline for all subsequent in situ soil water isotope studies.”: | would not say this
at all. Barbara Herbstritt’s study is not on soil water, but on meteoritic waters. Their
membrane as well as their modus operandi were not further used in the “subsequent
in situ soil water isotope studies”. This is also the case for Soderberg et al.’s study,
which, even though it constitutes the first published work on online soil water vapor
measurement, can be seen as an outlier as their method was not further applied. |
see that they are two “families” of methods that rely on the same principles: those
of Rothfuss et al. (2013) and Volkmann et al. (2014). The first one has seen to
date more applications and further developments (Rothfuss et al. 2015; Gangi et al.
2015; Quade et al. 2018; 2019, Oerter et al. 2017, 2019, Oerter and Bowen, 2017,
2019, Kiihnhammer et al. 2019) that the second one (Gaj et al. 2016), certainly for
the reason that the probes weren't at first off-the-shelf products (although Gaj et al.
2016 used already commercially available soil gas probes). We in Julich personally
did not have the idea to use membranes from Barbara Herbstritt's work, rather from
previous applications in soil CO2, N20O, and CH4 sampling [Dinsmore et al., 2009;
Hartmann et al., 2011; Neftel et al., 2000]. These studies could be a nice addup to
this nice section. Also you are almost up to date: you are missing the following study:
Quade, M., et al. (2019). "In-situ Monitoring of Soil Water Isotopic Composition for
Partitioning of Evapotranspiration During One Growing Season of Sugar Beet (Beta
vulgaris)." Agricultural and Forest Meteorology 266—267: 53-64.

Reply: Thank you very much for this good comment. We will rephrase this and clarify
that there are ‘two families’ originating from different ideas. We also will incorporate
a number of L.I. Wassenaar’s studies here as we did not correctly acknowledge their
early works. We propose to delete the two sentences from I. 115-117 (Thought not
strictly measuring. . .baseline for all subsequent in situ soil water isotope studies.) and
change L 113: "measurement in soils” to "measurement of soil water”. This way, we
keep acknowledging their study as it is definitely related for the liquid to vapor phase
conversation despite not being a real in situ soil measurement. In regard to the previous
studies using CO2, N20 and CH4 sampling, we decided to add a brief section on the
C10



trigger for one of the families that the in situ methods emerged from. See below for
a proposed phrasing. Rothfuss, Vereecken, & Briiggemann (2013) and Rothfuss et
al. (2015) tested precision and accuracy of membrane-based in situ approaches in
laboratory experiments. Their variety/type of a liquid-vapor equilibrium-based method
to measure water stable isotopes emerged from techniques developed to continuously
measure soil trace gases (Gut et al. 1998). The membrane material (Accurel PP) was
previously already used to investigate vertical N20O profiles in soils (Neftel et al. 2000),
soil CO2, N20 and CH4 concentrations in response to water table depths (Dinsmore
et al 2009) and the effect of drought and fertilization on CH4 concentrations in different
soil depths (Hartmann et al 2011). Rothfuss et al. (2013) set up an airtight acrylic
vessel filled with fine sand. ..

[26] L158. “directed in”
Reply: We will change this.

[27] L158-159. Dry air cannot equilibrate with some isotopic composition. Please
reformulate

Reply: We will change this.
[28]L169. “combined measurements of 4180 and 62H” | presumed.
Reply: Thanks! We will change this.

[29] L213-300. Part 2.2 feels not to fit the scope of the paper, i.e., the “current status of
in situ measurements of water stable isotopes in soils and plants”. | suggest removing
it. It will not distract the reader away from the core of the paper.

Reply: While we agree that the membrane-based soil and xylem based techniques are
more recent, we believe that chamber techniques particularly observing transpiration
fluxes and isotopes are very crucial in-situ methods that belong in this paper. Also see
comments above (main comments).
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2.3 In situ measurements of plant xylem water isotopes

[30] L312. “can be observed”

Reply: We will change this.

[31] L312-313, 316ff etc. “xylem water isotope compositions”

Reply: See comments above, compositions is rarely used.

[32] L317-318. Define IRIS and IRMS, and “BSquare-weighted M-regression”
Reply: We will change this and also add to the glossary (the former two)

[33] L320. Use %o

Reply: We will change this.

[34] L321-349. | am not sure that you should review non-published literature. . .l leave
that to the editor to decide.

Reply: See above, meanwhile accepted and online.

[35] L337 (goes as well for at L338). “6180 xylem isotopic composition values were
lower than those of the source water”

Reply: We will change this.

[36] L349. This table is central to your review and should be moved from the Sl to the
main text and named Table 1! It should be mentioned at the beginning of section 2, so
that the readers can consult it while reading.

Reply: Thank you, we agree and will change it to the main text.

[37] L350. “3 Setup, Calibration and Validation of in situ measurements of soil and
plant water isotope compositions”

Reply: See above
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[38] L354. “for sampling the water vapor”
Reply: We will change this.

[39] L355-358. Exactly my specific comment from before on section 2.2 (+see my
general comment)

Reply: We don’t see why these methods do not belong into this review. In our opinion
the chamber methods are an extremely part of monitoring the plant water cycle. This
becomes even more important when speaking about modeling aspects. For example,
with measured data on xylem and transpiration water isotopes the development of
process-based modeling would benefit extremely — and the reviewer itself suggests to
add a modeling part to this review 3§YL

3.1 Materials and approaches for sampling soil water vapor

[40] L362-363. Only Volkmann and Weiler (2014) built probes in the pure sense. The
rest of the authors (apart from Gaj et al., 2016) basically just cut sections of the gas-
permeable tubing and took care that it was water tight when installed in the soil and
properly connected to the sampling lines.

Reply: Taking a piece of gas permeable membrane and adding capillaries, tubing,
etc. is also ‘building’ or not? And different authors used different approaches for that.
Volkmann and Weiler in the end did the same: using semi-permeable material and
stick it together. Later, they used probes that were built by a company (Porex). We do
not see any major difference here?

[41] L365. “Self-made” is not appropriate. You mean tubing vs membranes inside
sensor.

Reply: We will change this.

[42] L367-392. This part echoes my comment from before regarding text at L103-212.
| suggest a bit of streamlining and incorporating the one part (L103-212) into the other
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(L367-392) or vice versa.
Reply: We will change this.

[43] Two comments here: 1- soil vapor is not necessarily water saturated for a soil
liquid-water vapor equilibrium to be reached. Isotopic equilibrium happens between
the two phases at relative humidity < 1 at high soil water tension.

Reply: Correct, the statement will be rephrased. In reality, rH almost never reaches 100
percent in soils and still there is isotopic equilibrium. Only under super dry conditions
the assumption of equilibrium fractionation should not hold true anymore.

[44] 2- there is no (and should not be!) overpressure inside the tubing, otherwise you
push the dry air inside the soil and disturb the vapor-liquid coupled state. For this
the sampling lines downstream of vapor collection should be kept as short as possible
to minimize resistance to air flow and of course an open-split. But even with long
collection lines, the increase of pressure is/should not be observed. You have, on the
other hand an overflow (rather than overpressure).

Reply: Thank you, this is correct. We will revise and improve the relevant statements.

[45 ]L380. “access tube just before the analyzer inlet”: the technical accepted term is
“open-split”

Reply: Another case for the glossary.Thanks!

[46] L385-390. What is the point of having a slightly easier system to implement/use if

in the end it might not provide reliable data? My opinion: make a decision as this will
influence the readers and potential future users.

Reply: Hm, but you might also ask the other way round: What is the use of a super com-
plicated system that might work under lab conditions, but is completely not feasible in
the field and would be limited to one or two research groups with only this expert knowl-
edge? As we state later in the manuscript, one cannot expect a laboratory precision
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under field conditions. We have to accept larger uncertainties for field measurements.
We believe that constructing a system which is as simple as possible is highly desire-
able for field application but also generally when we as a community aim at distributing
these methods outside of the “isotope experts” community. In this regard, there is a
strong advantage of the “pull” method compared to the “push” method. Moreover, in
a “pull” system, connections that actually pose the risk of leaks and thereby entering
of atmospheric air, can be largely avoided to a degree that the risks gets minimal. We
know that this cannot be a universal solution and we will explicitly give examples for
both systems and where they are appropriate.

[47] L390-391. You said this already above. Consider erasing. Reply: We will delete
the statement.

3.2 Saturation of water vapor, condensation and dilution

[48] L400-410. A bit of reorganizing would help: you need to distinguish between
condensation prior sampling starts from condensation during measurements. To get
rid of the first problem, you should do iii) and to avoid the second kind of problem you
should do points i) and ii).

Reply: Thank you for this comment. This is a very good point and we will clarify that in
the revised version.

[49] Ideally you need (i) a three way valve after collection point and before dilution and
(i) a two way “normally open” valve between dilution point and open-split. This former
allows you to: 1) flush the liquid water out of the gas-permeable tubing and out of the
downstream sampling line prior measurement [valve is turned on and act as open-
split] 2) flush the content of the gas-permeable tubing to the laser- spectrometer [valve
is turned off] 3) flush the sampling line after dilution point and to the laser spectrometer
open-split once sampling is complete to lower the water vapor mixing ratio in it and
avoid condensation problems in between measurement phases [valve is turned off and
act as open-split]. Valve (ii) is then closed to keep the sampling line dry and the laser
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spectrometer samples from its own open-split. Finally for increased security, you shall
heat the sampling lines from the soil/trunk surface to dilution point.

Reply: Thank you, this is a good suggestion as well. We will re-organize this section
and incorporate the above statements.

[50] This could be incorporated into Figure 7. Reply: True. However, then this already
fairly complex graphic will become even more complex. This would be no problem for
people who have done such measurements already (such as the reviewer and us) but
might irritate people who might apply in situ methods in the future. We propose to
include it in the text but omit in the graphic for simplicity.

[51] L420. “Correction for water vapor concentration dependency of the laser spec-
trometer isotopic composition raw readings”

Reply: We will correct this.
[52] L426. “3.3.1 Soil water vapor isotope standards”
Reply: We will correct this.

[53] L427. Not only with the same medium but thanks to the exact same method:
the standard water vapor has to be collected in the same manner as that of the soil,
i.e.: (i) pass through the walls of the same membrane product coming from the same
production batch (e.g., tubing of the same age, thus having the same permeability to
water vapor), be exposed to equivalent environment (pH, chemical conductivity of the
soil solution). (ii) at an equivalent flow rate as for the samples Also not to forget: a
soil is not only characterized by its natural texture, but also structure, so the soil water
vapor standards should ideally have the same structure on top of the same texture as
the investigated soil. In relation to this: in my group we however did not see an effect
of soil water content on raw isotopic readings. In Quade et al. (2018), we argue that
what Oerter et al. (2017) see is due — at least partly — to the fact that they test the
membrane on unstructured soils.
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Reply: It is correct what you state. We will include these aspects into the relevant
section.

[54] L453-459. You should mention of course the work of Markus Schmidt and col-
leagues, however do not display their equations as they are specific to their instrument.
Also they used one of the very first L1102i (number 8 if | remember correctly :) and
Picarro® (and this goes for other companies) have since greatly reduced the linear re-
sponse of their instruments to water vapor activity. What you should write, on the other
hand, is a short description on how these dependencies should be investigated using,
e.g. the aforementioned soil water vapor isotopic standards at different dilution rates.

Reply: Correct, this is a good suggestion. We will briefly describe this in the revised
manuscript.

3.3.3 Other corrections (mineral mediated fractionation, organic contamination, carrier
gas and biogenic matrix effects)

[55] L469-470. This relates to artificial unstructured soil mixtures. . .see my previous
comment. We are dealing with. . .soils, so structure (bulk density for instance) might
play a significant role!

Reply: OK, see above, we will elaborate on that.

[56] L475-487. If this apply to soil and plant water online measurements, the associated
effect on raw isotopic composition readings should be orders of magnitude lower than
for extracted water after inverse sublimation of for evaporated water following pyrolysis.
. . You could mention that this has not been investigated but you don’t need to review
the literature that deals with VOC contamination on liquid samples (out of scope). In
addition: what about the material out of which the sampling lines are made of and
about their isotope effects? (there is also a dynamic adsorption-desorption equilibrium
happening in them) Which one should we take - plastic or metal? Which kind of plastic,
which kind of metal??
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Reply: Good point as well. We will add a sentence on recommended material based
on the existing studies.

3.3.4 Drift correction

[57] L494. Split “Conversion of vapor to liquid values” from “3.3.4 Drift correction”.
These are unrelated things.

Reply: We will do that in the revised version.

[58] L497-498. You can omit the book of Clark and Fritz (this goes as well for at L122):
the (peer-reviewed) works of the great Juske Horita and Mustafa Majoube are enough :)
These equations refer then to another state of equilibrium, namely “static equilibrium”.
What we deal with here during purping is dynamic quasi isotopic-equilibrium. Rothfuss
et al. (2013) showed that the purging and/or the PP material had an isotopic effect
for 1H2H160. And it is up to now the only real calibration available. These equations
should be referred over those of JH and MM or to the very least mentioned.

Reply: Thank you, you are right. We will: i) Take out the Clark and Fritz citation; ii)
incorporate the suggestions and equations from Rothfuss et al. (2013) into the revised
version.

3.4 Validation —comparing apples and pears?

[59] L538. Oerter et al. (2017) does not “propose a novel, innovative way of calibrating
in situ data of soil water isotopes”. You refer to Oerter and Bowen (2019), certainly.

Reply: Actually, no. The first time they propose this was in the 2017 papers. They only
added the carrier gas effects in 2019 based on Gralher et al. 2016. We will add the
latter publication and elaborate on these corrections in the relevant section.

[60] L545-560. There is a good chance that such regression analyses will add more
uncertainty to the measurements when not performed carefully. Points (i)-(ii) omit the
importance of the soil structure on soil water vapor flow. A note: the addition of water
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to a dry soil does not ensure a homogeneous soil water content. Points (v)-(vi) apply
to deconstructed soil samples, see previous comments

Reply: Yes, but same applies to any measurement that is not carried out carefully. . .we
will try to emphasize that more in the revised version.

4 Summary and Outlook

[61] L586-587. “we spare modelling approaches in this review, but refer to recent
developments,. . .”: see my general comment.

Reply: ..and our answer above.

[62] L618-621. In my opinion, this is not the way to go. It is much better to prepare
different standards in an appropriate manner (repacked at the same field density) re-
flecting the different textures encountered in the field, so accounting for e.g. the effect
of hydration and isotopic fractionation around clay particles. It has to be proven if, in-
deed SWC plays a role when the soil is structured: my group has never seen such
an effect (see Rothfuss et al. 2013, 2015; Quade et al. 2018; Kihnhammer et al.
2019) with compacted soil: this should mentioned/discussed. L649-653. Rothfuss et
al. (2013) did this. . .also do not cite a paper under review (Marshall et al. 2019).

Reply: We will add further explanation to that section. At least the effect of different
grain sizes can be accounted for when preparing standards using field soil easily. That
leaves the two aspects of SWC and packing density (or bulk density). We will discuss
this in the revised version. However, consider our previous comments in regard to
accuracy vs. practicability. We will also try to touch on this in the revised version.

[63] L664-661. This is a very good idea! However the terminology used in a bit funky:
the relative humidity is the ratio of actual to saturated water vapor pressures (not water
vapor concentration) in the original definition. Also you certainly mean water vapor dry
mixing ratio, which is typically expressed in vol-ppm. Why should the relative humidity
be higher than 0.9 specifically? Look at the Kelvin equation and you’ll see that for soil

C19

pF=7, relative humidity should yield to 0.97.

Reply: Thank you, we will rephrase to make this section more concise and clear.
[64] L671. Define compartments

Reply : We will do so in the revised manuscript.

[65] L674. This only applies to trees, right..?

Reply: Please clarify? The section mentions how both soil and tree approaches should
be combined, so we are missing the point here?

[66] L689-693. Why would you say that? Scientist from other field might say other-
wise. . .you can say, on the other hand, that online non-destructive methods are more
complex to install/implement than destructive sampling ones. But as long as we do not
make complex things complicated, we are on the safe side :)!

Reply: Correct, it is a matter of standpoint/experience and knowledge in the end. How-
ever, it is an extreme effort and hassle up to now to obtain good in situ measurements
in the field. If you are starting with it, it is overwhelming. What we try to communicate
here is that one should start from easy and then add up complexity instead of starting
with the most complex system that works in the lab but is logistically not feasible in the
field. In this regard, | speak out of experience because it happened in our group and
if this is the way to go it will scare people from trying in situ methods. In our case, the
attempt to start with the most complex system in the field resulted in the need for daily
supervision of the instruments. In the end cost (labor and general effort) and benefit
(good measurements) need to be in balance. My [MB] personal opinion is that for most
applications it is possible to use the pull-only mode with a minimum amount of connec-
tions (ideally: 1-2 maximum) to obtain reliable results. So, indeed, why make complex
things complicated! 8§ YL
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