Response 06"°C in plant and soil respiration to water pulse

Response to referee #1.:

We would like to thank the referee for his commentsand mention that our detailed answer to

specific points is in bold below each comment.

The fact that the plants were maintained in th& déer the water pulse (P500, L1-5) has stopped
photosynthesis and therefore any link between xipeaed change in DELTA | and delta_13C of
respiration. In such conditions, hypothesis 2 bsih & and 3 cannot be anymore tested because we
expect that the response time of stomata to therwatlse was higher than the 15 minutes of
photosynthesis that was allowed during the watdsepP507, L3-10). The comparison of
DELTA | measured by leaf gas exchange of illumiddeaves on the second set of plants and the
delta_13C of respiration of the first set of dake@rplants (P508, L1-7) seems to be nonsense to
infer a coupling between both. This is a major dragk.

We understand the referee’s major concerns about # short duration of the light
period that was associated with the water pulse, asell as about linking leaf gas exchange
measurements carried out in the light to physiologial activities in the dark (to measures*C
of respired CQO,). We agree that our rationale was probably not explaied well enough and
have remedied to this in our revision. Actually, tle water pulse had two objectives: i) to create
recent photoassimilates with a different signaturghat could subsequently be tracked through
the plant-soil system, and ii) to alter plant and &il metabolisms and to investigate the
subsequent changes in respired isotopic signature$ plant and soil

Regarding the first objective of the water pulse (e., creating photosynthates with
different isotopic signatures) there are two main pproaches to change the isotopic signature
of photosynthates. The first is to provide isotopially labelled CO, substrate to the plant, and
the second is to abruptly change environmental cortibns, and consequently change
photosyntethic discrimination (A;). Both of these methods result in a spike in thaghature of
the recently assimilated C. In a previous experimen we found that a 15-minute*3C-CO,
pulse-chase labelling of wheat plants that were pwéously in the dark and that were put back
in the dark after labelling was long enough for plats to synthesise enough carbohydrates
with a sufficiently different isotopic signal for us to measure this signal and to track it to soil
respiration during more than 48h. These data are yteunpublished, but the exces$C in soil-

respired CO; increased within 2 hours and was still positive (L4+4.0pug m? h') 48h after the



pulse. In the experiment described here, pre-expgnent tests showed responses ;
(calculated from measured gc,) within these 15 minutes, although the smaller igopic
difference obtained by this “natural” labelling (due to changes in water status) may have
limited its magnitude. Furthermore, it is important to keep in mind that stomatal regulation is
not only driven by changes in soil water content ah the transport of the newly available
water to the leaves, but also affected by changes atmospheric humidity and can respond
within minutes to changes in environmental conditias (Lambers et al. 1998, p185). In
particular, increase of stomatal aperture in respose to increase in air humidity happens in a
few minutes and can be observed in the absence @&af water content change (Losch &
Tenhunen, 1981, ppl137-139 and references thereiMhus, we are confident that changes in
stomatal conductance, and consequently imM;, occurred during the 15 minutes of
photosynthesis following the water pulse.

Regarding the second objective of the water pulség. creating plants with different
physiological performance, we have now clarified inthe text that the plants were only
illuminated to assess their metabolic state, righbefore and after the pulse. Thus, leaf gas
exchange values are used only as proxies for theapts’ and mesocosms’ carbon balance,
because, under constant day-to-day growth conditiaas in our experiment (except for the
time of the water pulse), leaf gas exchange is cooited by the plant’s internal carbon balance
(e.g., Goldschmidt & Huber, 1992; Paul & Foyer, 200; McCormick et al., 2009). Thus, we are
using relative changes in leaf gas exchange variasl over time (e.g. Fig. 2 and Fig. 3) to
document the underlying physiological processes. Ehcontrasted metabolic status at pre- and
post-pulse times appear clearly in the stomatal caluctance, assimilation and transpiration
rates, showing that the metabolism of the plants isndeed altered by the water pulse
(considering the +2h measurement only, see belowrfthe +72h issue), despite keeping the
plants in the dark. As a consequence, the relatioetween relative changes in leaf gas
exchange variables and relative changes i&"C of respired CO, that we measured is not
likely due to artefacts, especially when considerg the response at +2h after the pulse.
Furthermore, we would like to highlight that the plants used for leaf gas exchange
measurements were also kept in the dark, under theame conditions (including rewetting) as
the plants used for measuringg*°C of respired CQO,. Thus, inferring a coupling between these
two sets of plants is by no means nonsense. The il used for leaf gas exchange
measurements were only exposed to light during th@easurements. We now have clarified the

setup description to avoid such misunderstandings.



The discussion starting from P510, L18 to P511, lL&@npletely hides the fact that the
measurements of delta_13C were done in the darkhextcho new photoassimilate were produced
after pulse labelling that would have been tramstérby the phloem and used as substrate for
respiration. Same for P512, L2 to P513, L3: no pbwtoassimilate could have been transferred to
the root and used as substrate for root or rhizagptespiration via exudation.

The referee is perfectly right when they mentionedhat a plant kept in the dark will
suffer from carbohydrate starvation at some point ad that there might be a gradual shift in
the respiration substrate as well as an impairmenwof phloem transport. However, such
processes take time (e.g., Tcherkez et al. 2003: knench beans, starch, sucrose and glucose
concentrations remained above 50% of their initialvalues for one to two days in the dark at
20°C. The concentrations decreases were even slowat lower temperature). Thus,
measurements at +2h and +72h should be consideredffdrently: while carbohydrate
starvation is likely at +72h, it is unlikely at +2h Measurements taken at +2h (i.e. 2 hours after
the beginning of the pulse, thus after 1h45 in thdark) should not be affected significantly by
the lack of new carbon, and thus can be discussedl the light of plant physiological response
to the water pulse. Following the referee’s commest we now include these points in the
discussion and removed all references to relationelween leaf gas exchange measurements
and §-°C of respired CO; at +72h.

Nonetheless, we would like to still include thé**C of respired CO, data over the entire
duration of the experiment, since it shows that nanajor changes took place after the first
response to the water pulse. Indeed, several proses might be involved in the belowground
response of6*C of soil CO; efflux to the pulse: a microbial response to rewéihg (e.g. Unger
et al. 2010) and C transfer from aboveground to rois and rhizopheric microbes in ungirdled
trees. The timing of these processes was not knowsefore starting the measurements.
Therefore, the measurements had to be made over &nod of time sufficient to ensure that
none of these responses would be missed. Furthernap$**C of soil CO; efflux can show some
periodicity (e.g., Unger et al. 2010) and the expienent had to be performed long enough to

determine whether such periodicity could be obsende

Owing that, the results are surprising but amazifige change in delta 13C of soil respiration
might have been driven by change in carbon soureeibmicrobes (but with possible interaction
between rewetting and photosynthate starvatiom séteeral hours or days in the dark).

Changes of carbon sources used for respiration by iorobes are being discussed.
Please, see also below, our answer to the commeR614, L19 - P515, L8".



The change in delta_13C (respiration, phloem oraobial biomass) cannot be ascribed to change
in DELTA_I (or stomatal conductance) because photibgesis doesn’t occur in the dark. It can be
due to change in carbon sources related to phatustnstarvation.

Please see our response to changes of leaf gas arge measurements and

carbohydrate starvation above.

Among the new sources, you may expect the use hibleo organic compounds that were
previously use for osmotic adjustement before dnbweps relieved by the pulse watering (can it
explain the drop in delta_13C of leaf biomass?).

The referee proposes constructive additional hypotses that we have readily included
in the manuscript to improve the explanation of themeasured changes i%*°C. In particular,
we agree that soluble organic compounds used formstic adjustment before the pulse could
play a role in the observed response 08**C of respired CO, measured after the pulse.
Although the nature and contribution of such solubé organic compounds remains speculative
in our study, it is likely that these compounds wes synthesised from carbon assimilated
during the drought period and that they became moreabundant as drought stress increased.
A gradual increase of drought intensity also leadd4o a decrease inA;. Therefore, such
compounds accumulated during the whole drought pead should have an isotopic signature
which also integrateA; over the whole drought period and thus have a lowes'C values than
carbon assimilated at the end of the drought, jusbefore being placed in the dark. Hence,

their respiration could lead to a decrease i*°C of respired CO, after the water pulse.

The significant relationships found between gs {(f@&) and delta_13C in respiration, phloem or
microbial biomass may be more likely due to som#@manding factors.

We agree that changes i®**C in relation to changes in gare likely not driven by g
itself, but probably results from changes in C sinkstrength which would impact both g and
8'°C. Such a link between gand carbon sink strength has been observed befofe.g., Koller
& Thorne, 1978; Peet & Kramer, 1980; Goldschmidt & Huber, 1992) and therefore seems

plausible in our experiment.

The manuscript should probably be rewritten to espthese putative explanations (and other), but
without any attempt to relate what measured on dddpted plants and on illuminated leaves.
Points discussed above in the answers to the refes2 comments on both duration of
the pulse and relation between leaf gas exchange aserements in the light and$'*C of
respired CO, measurements for plants kept in the dark have beeadded to the discussion.



Furthermore, we have reframed the hypotheses accoigly: 1) the water pulse after the
drought period should alter the metabolism of bothplant and soil; 2) Plant metabolic changes
should lead to changes i%"*Cr.anoves 3) Water pulse-induced changes i8°Cr.soi are expected
to be partially driven by changes in plant metabokm, but also by changes in microbial
metabolism.

Additionally, we have altered the structure of thediscussion to match these hypotheses. Our
discussion now includes i) a first part on the regmse of plant and soil metabolisms,
supported by Table 1 and the updated Fig. 1 (see lb&), ii) a second part oné**Cr-apove (Fig.
1D) and plant metabolism, including the discussioron changes in plant carbon balance
(supported by Fig. 3A and 2D), carbon starvation ad soluble organic compounds used for
osmotic adjustment, iii) a third part on changes ind**Cr.soil (Fig. 1F) with two subsections:
one discussing the contribution of changes in plametabolism (supported by Fig. 2B), and a
second subsection discussing the contribution of ahges in microbial metabolism (supported
by Fig. 2C).

Additional points P497, L20: The root system of thdhbeech sapling may extent well above 9 cm
of the stem and below 17 cm depth. Can you prowvidieation about the severity of root
disturbance induced by collecting the trees? Thequite big issue for understanding the response
of the tree to imposed drought. One option wilkbgive the sapling density in the original forest
and the rooting depth of the sapling so that theragye soil volume available for each sapling in
natura can be estimated.

We agree with the referee that part of the rootingsystem might have been severed
during the tree collection, including damage to fie roots which is difficult to assess.
Unfortunately, data about rooting depth and densityare not available. However, when setting
up the experiment, we collected more beech saplingban needed and selected for the
experiment only those individuals with no major vishle damage of the root system, in
particular those presenting no cut coarse roots. Rthermore, during the five months
preceding the drought, all the saplings grew enougfine roots to colonize the entire pots,
therefore all saplings used during this experimenhad a functional and similar rooting system
(personal observation at the end of the experimenivhen the soil and root materials were

sampled). We now explain that in the method section

P514, L19 - P515, L8: this part of the discuss®an interesting review but quite speculative to
interpret the data without additional measuremkkésisotope composition of specific organic

compounds.



We agree with the referee that this part of the disussion is quite speculative in the
absence of compound-specific measurements in thealsand that we cannot determine which
organic carbon source is actually respired. Nonethess, we think that our results can provide
some hints about the carbon source that might be ahterest for the readers. We now state

more clearly the speculative nature of this paragrph.
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Figure 1: CO; efflux rate in the abovegrounda(5s A), mesocosm (Fesocosm B), and soil (E;, C)
compartments, as well &°C of aboveground respiratiod {Cr.apove D), mesocosm respiration
(8" Cr-mesocosm E) and soil C@efflux (**Cr.soi, F) for beech mesocosms before and after a water
pulse given at time=0. THeagus sylvatica mesocosms were grown under different temperatdres (
12 and 20°C), combined (n=1) with two girdling treants (ungirdled and girdled). On-line IRMS
measurements were performed in the dark, howelartpwere exposed to light for 15min starting

at the water pulse (time=0) to assimilate C immietijaafter the pulse.
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