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We thank reviewer 2 for the constructive comments. Below is our point by point reply to specific comments. 

 
Reviewer Comment 1: The introduction could be more concise and to the point of the hypothesis. I 

believe there is to much information at first about terpenoid biosynthesis, which if needed could be 

explained better in detail in the discussions relating it to the results. 
Reply: Thanks for the suggestion; we moved these parts in the results. 

 

Reviewer Comment 2: When you start talking about temperature as a dominant stress, one asks why 
you have not used temperature as a treatment, thus removing it (just mention it overall and go directly 
to the drought and ozone issue). 
Reply: We have incorporated the suggestion with the removal of the two sentences: 
The past and projected future increase in average global temperature (IPCC, 2007) is expected to lead to a change 
in BVOC 45 emissions, subsequently influencing atmospheric chemistry and climate (Tingey et al., 1991; Guenther 
et al., 1995; Filella et al., 2007; Kiendler-Scharr et al., 2009).  
Based on the algorithm by Guenther et al. (1995) it has be shown that BVOC emissions linked to temperature have 
increased by 10% over the last 30 years, (Peñuelas and Staudt, 2010). 
 
Reviewer Comment 3: The paragraph of the combination of stress is great, but then the biosynthetic 
information seems misplaced, perhaps do the same as for terpenoid biosynthesis.The objectives must 
be better explained and put into context in the introduction. Particularly having a paragraph above 
saying this was already done. Why, having Vitale et al.,2008 and Yuan et al., 2016, we need this study. 
Additionally, a bit of background about Quercus robur already in the introduction would be interesting, 
to support why you chose this species (more than a widely distributed isoprene emitting oak species,i.e. 
is this species going to suffer drought and ozone stress in particular? Why?). 
Reply: Now we rearranged the introduction, for a better understanding. 
Change ->Line 69: Few studies have analyzed the effects of plant emissions from a combination of drought and 

ozone stress (Vitale et al., 2008; Yuan et al., 2016). Studying Quercus ilex, Vitale et al. (2008) reported that drought 

stress leads to stomatal closure therefore reducing stress by ozone as it is restricted to enter the leaf. They did not 

report effects of ozone when going from a well watered situation to severe stress. Yuan et al. (2016) found that 

drought increased isoprene emissions in a hybrid poplar deltoid species, but that isoprene emissions decreased 

under moderate drought stress combined with long-term ozone fumigation. . In their case, Yuan et al. (2016) 

analyzed the emissions in a situation of moderate drought stress.  

Here we are also interested in the situation of severe stress that could occur in the future due to climate change, 

combined with model projections of elevated ozone concentrations (> 100 ppb). 

Pollastrini et al. (2014) consider a change in sensitivity of the plants to ozone (different poplar clones) under 

severe drought conditions. In their case, ozone and drought produced a synergistic effect for CO2 exchange and 

chlorophyll fluorescence when applied together. Witting at al. (2007) found a dependency on ozone effects 

under different levels of drought stress. In fact, Witting et al. (2007) report a dependency of the damage in the 

photosynthetic apparatus depending on the cumulative ozone flux into the leaf, thus in relation with the 

stomatal conductance. 

In this work, our hypothesis was that ozone and drought stress in plants is not necessarily additive, and that the 

plant’s response to drought and ozone exposure can result in an alteration of characteristic BVOC emission 

strengths. Changing BVOC emissions have an important impact on climate through atmospheric chemistry 



(Claeys et al., 2004, Paulot et al., 2009; Hallquist et al., 2009). The presence of BVOCs in atmosphere contribute 

to the formation of tropospheric ozone and growth of secondary organic aerosol (SOAs), and radicals (Griffin et 

al., 1999; Orlando et al., 2000; Atkinson and Arey, 2003). 

As a model plant we chose Quercus robur L., a widely distributed isoprene emitting oak species in Europe (Barstow 

and Khela, 2017), considered not at risk of extinction (Barstow and Khela, 2017). In the future, this species may 

become more threatened (Barstow and Khela, 2017), triggering a migration from the current climate range to a 

zone more representative of the north and east of Europe (EFDAC, 2015). Climate change could also expose Q. 

robur to greater environmental stress from drought (Jonsson, 2012). Understanding how BVOC emissions 

respond to climate change is therefore essential to understand what direct or indirect actions they can have on 

the biosphere-atmosphere-climate system and to develop strategies necessary to mitigate the effects of climate 

change itself (Kulmala et al., 2004; Yuan et al., 2009). 

 

Reviewer Comment 4: Methodology must be better explained. In particular a diagram choosing the 
number of replicates chosen for each treatment. You say you have 14 trees in total, how are they 
separated. For instance R4 only has two replicates for DSxOS, why? Additionally a time series of 
watering and lack of watering could be expressed in this diagram as well. It is confusing what you use 
for emission measurements, for biochemical assays and for references. To sum up the methodology 
must be revised and better explained. Think that the reader must be able to reproduce your 
methodology. More detailed to be found below. Line 106: I am really concern with plant acclimation 
here. As far as I understand the plants are moved ONLY 24 hours before measurements to the climate 
chamber. Is this enough? Please argue how is this enough. What do you mean by to adapt to constant 
air temp?  
Reply: Rather than including an additional diagram we decided to improve the description of the methodology where 
necessary in the text to make it more clear. We addressed other important comments in the revised paper. Briefly, 
R4 (like other groups) is grouped such that it represents a specific stress level in SWP by the plants. The replicates 
for DSxOS were envisioned to be at least 3 for all experiments, however one replicate of this particular set (R4) did 
not reach the required level of stress at the end of the experiment and had therefore be associated with R3 instead. 
Generally we acknowledge the reviewers comment that more replicates would always be better, but this is often 
limited by the experimental capability. Generally 3 true replicates were envisioned for these experiments. In addition 
by using branch enclosures, rather than sampling individual leaves, an experimental average of many individuals for 
each treatment was obtained, minimizing leaf to leaf variability. Prior to experiments plants were kept in a 
greenhouse outside the laboratory exhibiting environmental conditions (daily average T: 22.5 +/3 °C and RH: 54%) 
comparable with the conditions in the phytotron (25 +/-2 °C, RH 60%) and subsequently branch enclosures.  Plants 
were moved to the phytotron 24h prior to the experiments and thereafter housed under exactly the same conditions 
between the branch enclosure setup and the phytotron. Due to small changes between the greenhouse and 
laboratory experiements we do believe 24h acclimation was sufficient. This is also corroborated  by well established 
BVOC emission algorithms (Guenther et al., 1999) showing that the 24h period is the most important one for 
acclimation, with the previous 240h playing a comparably smaller influence. In our case the impact on isoprene 
emissions for a scenario of 23 °C 240h temperature history rather than 25 °C would be for example con the order of 
4-5%. 
Change-> Line 108: For the biochemical reference assays, eight trees of the initial fourteen were used: four well-

watered plants (C) and four well-watered plants receiving one time 100 ppb ozone for one hour (OS) inside the 

enclosures. The remainder (six plants) were used for BVOC emission measurements, CO2 and H2O gas exchange 

measurements and biochemical assays. Hereby we were mostly left with three replicates under drought stress 

(DS) and three replicates exposed to drought stress and ozone (DSxOS). The drought stress was initiated, for all 

the six plants, 10 days before the VOC measurements started and was maintained by keeping the soil water content 

at 4-5 vol.% using a soil moisture probe (Fieldscout TDR100, 20 cm probe depth, Spectrum 105 Technologies, UK), 

whereas 100 % field capacity was 13.4 vol.%. Starting the VOC measurements, we stopped watering the previously drought 

stressed trees to increase further drought stress. 



 
Reviewer Comment 5: Line 96: where do the 2-year-old trees are coming from? 
Reply: The trees are from the tree school Natlacen in Pilgersdorf, in the south-east of Austria. The city gardeners of 
Vienna (MA42) are ordering their trees from the same tree school for replanting or newly planting street trees. 
Usually these trees are a couple of years older than the ones we received from them, but since our VOC-chambers 
are too small, we were able to get a hold of the old 2-year old saplings.  

 
Reviewer Comment 6: Line 97: What do you mean by soil used by the city gardeners? What brand?  
Reply: The MA42 (Magistrate no. 42) is responsible for Viennese park and city vegetation. Together with the 
ÖGLA (Österreichische Gesellschaft für Landschaftsarichtektur) they developed a customized soil mixture, which 
holds the water for a longer time to prevent early drought stress during long dry periods. Further information about 
the soil can be found on the webpage http://oegla.at/uebersicht/125-seminarrreihe-baum-download-unterlagen - 
“Das Wiener Baumsubstrat” (Fluvial fine sediment of the Danube, compost, sand and dolomite grit). 

 
Reviewer Comment 7: Line 97: What brand is the quartz sand from? 
Reply: We used filter sand (purchased from Obi, article no. 6270599) with a grain size between 0.7-1.2mm fulfilling 
the criteria of DIN EN 15798 (used for filtering swimming pool water).  

 
Reviewer Comment 8: Line 98: how much fertilizer you put?  
Reply: We used the recommended amounts for small trees: 5 caps fertilizer mixed in 10L water for 4m². 
 
Reviewer Comment 9: Line 99: Tulln is a place not a brand...put the brand of the greenhouse or say how 
did you reach the levels mentioned.  
Reply: Yes we acknowledge your comment and changed the text accordingly: 
Change->Line 103: The plants were fertilized once after planting (universal fertilizer NovaTec, Compo, Münster, 
Germany) and from thereon kept well-watered in a greenhouse at near ambient light (80 % to 90 % of 
photosynthetically active radiation) (Lak et al., 2020). 

 
Reviewer Comment 10: Line 100: what do you mean by close by experiment Line 101: Please state better 
the time of measurements?  The biochemical assays should also be explained in the diagram Line 104: 
where do you perform the drought stress, in what conditions are the plants? Line 105: I do not 
understand what do you mean by “maintained by keeping the soil water content at 4-5 vol%”. Wasn’t 
this a continuously increasing drought? Was this maintained at all SWP ranges? Then the control plants 
were at field capacity? Please explain better 
Reply: Trees were moved to the greenhouse in Vienna on July 5th 2020. The experiment started in Vienna on July 
15th 2019. We changed the original text regarding the biochemical assays rather than including an additional 
diagram. Specific changes requested by the reviewer are now summarized as following: 

Change-> Line 105: The trees were moved from a greenhouse in Tulln into another close-by greenhouse in Vienna 
two weeks prior to the experiments. Dust was removed from the leaves by showering the trees before starting the 
drought stress.  
For the biochemical reference assays, eight trees of the initial fourteen were used: four well-watered plants (C) and 

four well-watered plants receiving one time 100 ppb ozone for one hour (OS) inside the enclosures. The remainder 

(six plants) were used for BVOC emission measurements, CO2 and H2O gas exchange measurements and 

biochemical assays. Hereby we were mostly left with three replicates under drought stress (DS) and three 

replicates exposed to drought stress and ozone (DSxOS). The drought stress was initiated, for all the six plants, 10 

days before the VOC measurements started and was maintained by keeping the soil water content at 4-5 vol.% 

using a soil moisture probe (Fieldscout TDR100, 20 cm probe depth, Spectrum 105 Technologies, UK), whereas 100 

% field capacity was 13.4 vol.%. Starting the VOC measurements, we stopped watering the previously drought stressed 

trees to increase further drought stress. 

http://oegla.at/uebersicht/125-seminarrreihe-baum-download-unterlagen


 
Reviewer Comment 11: Line 108: what do you mean by mid canopy height? 
Reply: We measured the height of the plants and the conditions inside the climate chamber at the mid canopy height. 
 

Reviewer Comment 12: What was the PAR level at the climate chamber? 
Reply: The value was ~1000 μmol m-² s-1 PAR at canopy top. 

 
Reviewer Comment 13: Line 111:So DSxOS individuals are fumigated with ozone inside the enclosure 
while measurements were taken place or prior measurements? Please state.  
Change->Line 127: two groups, three trees were drought stressed and fumigated with 100 ppb O3 (DS×OS) inside 
the enclosure for one hour each day after the daily measurement of BVOCs. 

 
Reviewer Comment 14: Line 113: why humidity was decrease and temperature increased to maintain 
the drought strees? Wasn’t this maintained by the SWC?  
Reply: Line 121: To continuously increase the drought stress, the plants were not watered and the humidity in the 

climate chamber was decreased to 40 % rH and temperature was increased to 30°C after the first day. The same 

temperature conditions were also present in the climatized laboratory, where the plants were placed in the 

enclosures at a rH of 32 % and 30°C.-> we changed the humidity and the temperature in the climate chamber for 

increase the drought stress, don't water the plants was not enough to increase the drought stress, so we 

decreased the humidity and increased the temperature. 

 

Reviewer Comment 15: Line 115: what is C and what is OS? 
Reply: C were control plants (well-watered), OS were the well-watered plans plus an ozone fumigation of 100 ppb 
for one hour. This is now more explicitly explained throughout the text 
 

Reviewer Comment 16: Additionally do the plants stay there or they go back to the greenhouse? I hope 
they stay in the climate chamber, otherwise it wouldn’t be right. Please state. Line 119: what do you 
mean by tree leaf gas exchange? Please state what do you mean by gas exchange and also why not this 
is tree emission as the branch is also inside the cuvette. Line121: as far as I understand you maintain the 
tree during the seven days inside the cuvette? Do you have as many cuvettes or only 4? Please explain 
better  
Reply: We did not use leaf cuvettes, but whole plant enclosures instead, to minimize leaf to leaf variability in these 
experiments. Due to the flow demand and experimental design we were limited to 4 branch enclosures. The trees 
were first moved to the climate chamber 24h prior to the start of experiments. The climate chambers were housed 
inside a climatized laboratory, where measurements took place. The chambers were set up such that the climate 
conditions in the climate chamber (T, RH, PAR, CO2) matched conditions in the laboratory where the experiments 
took place. The reason for this setup was that the climate chambers themselves were too small to house the entire 
experimental setup. During the drought experiment two sets with 3 replicates were measured in the branch 
enclosures daily. At the beginning of each day the trees of the first set were placed in the 3 branch enclosures and 
continuously monitored for 2h. Readings of the last 20minutes from these 2 hours were then averaged for further 
analysis. We assured that VOC profiles were in steady state after placing trees in the branch enclosures and verified 
this by continuously monitoring BVOC concentrations and gas exchange inside the bags for at least 2h. After the first 
set was measured, trees were placed back in the climate chamber and the second set of trees was put in the branch 
enclosures. Overall, trees were kept 3h in the branch enclosure each day on average. For the rest of the day they 
remained in the climate chamber. 
Change-> Line 116:  The plants were moved from the greenhouse to an indoor climate chamber (Fitotron Weiss 

Gallenkamp, UK) 24h hours before the experiment started. Thereafter trees were kept in the climate chamber for 

the remainder of the experiment and were only placed into the branch enclosures during the gas exchange 

measurements. The branch enclosures were situated next to the climate chamber in a climatized laboratory 

exhibiting the same environmental conditions as in the climate chamber. The climate conditions during the first 



day of experiment were kept at 25°C, ~60 % of relative humidity (rH) and ~1000 μmol m-² s-1 PAR at canopy top, to 

adapt to constant air temperature. To continuously increase the drought stress, the plants were not watered and 

the humidity in the climate chamber was decreased to 40 % rH and temperature was increased to 30°C after the 

first day. The same temperature conditions were also present in the climatized laboratory, where the plants were 

placed in the enclosures at a rH of 32 % and 30°C. Overall light conditions remained constant during the day, with 

lights of during the night. 

 

Change->Line 134: The plants were taken out of the climate chamber and kept inside the custom-made plant 
enclosures (Fig. 1; TC-400, Vienna Scientific Instruments GmbH, Alland, Austria) for 2-3 hours each day in order to 
measure their CO2 and H2O exchange along with key physiological parameters (soil moisture and stem water 
potential). After the measurements inside the enclosures, the plants were taken back to the climate chamber until 
the next measurement session. 
 

Reviewer Comment 17: Line 131: why only 370 ppm of CO2, is this realistic to nowadays?  
Reply: We used ambient CO2 concentrations in our experiments that were present in the laboratory and climate 
chamber as well as outside during this season. So we believe this value is within the current variability on the ground, 
but acknowledge that annual concentrations are nowadays typically 8 % higher. 

 
Reviewer Comment 18: Line 145: how did you calibrate for CO2 and H2O?  
Reply: Thanks for making this point clear, we changed as follows: 
Change->Line 161: CO2 and H2O mixing ratios in the air leaving the enclosures were measured using a CIRAS-3 SC PP 
System (Amesbury, MA, USA), which was factory calibrated three months before the measurement campaign. 

 
Reviewer Comment 19: Line 155: please state the compounds inside.  
Reply: We added Table A3 in the appendix with the compounds used for the calibration. 
Change-> Line 172: containing 15 compounds (Table A3) with different functionality distributed over a mass range 
of 33-137 amu were performed daily. 
 
Table A3: m/z ratio and chemical formula and name of compounds presents in the standard gas mixture used for 

the daily calibration of the PTR-Tof-MS. 

m/z ratio Chemical formula Compound 

32.0262 CH3OH Methanol 

41.0265 C₂H₃N Acetonitrile 

44.0261 C2H4O Acetaldehyde 

58.0418 C3H6O Acetone 

72.0574 C4H8O Methyl Ethyl Ketone (MEK) 

78.0469 C6H6 Benzene 

92.0625 C7H8 Toluene 

106.0782 C8H10 Xylenes 

120.0939 C9H12 1,2,4-Trimethylbenzene (TMB) 

136.1252 C10H16 a-Pinene 

62.0189 C2H6S Dimethyl sulphide (DMS) 



86.0731 C5H10O 2‐methyl‐3‐buten‐2‐ol (MBO) 

134.1095 C10H14 1,2,4,5-Tetramethylbenzene 

 
Reviewer Comment 20: Line 155: why did you have to perform calibrations so often? 
Reply: We performed these calibrations often enough to assure good experimental results from the PTR-qiTOFMS 
during the experiment. Since we used a brand new instrument for these experiments we also wanted to assure that 
the performance of the instrument was adequate. 

 
Reviewer Comment 21: Line 152: do you use an average calibration factor for all compounds? Which is 
certainly not correct but at least what I interpret from the text. Please state how do you specifically 
calibrate for GLV, MESA and Sqt. Do you have them in your calibration bottle?  
Reply: When we have the compound in the gas standard we use an average value of all calibrations for that specific 
compound. For not directly calibrated compounds (including GLV & MESA) we extrapolated the sensitivity of 
measured compounds according to procedures described by Cappellin et al. 2012: (doi: 10.1021/es203985t ).  
 
Reviewer Comment 22 Line 161-166: please talk about possible contributors to this mass...how are you 
sure you can only attribute those signals to the mentioned compounds? 
Reply: For isoprene and monoterpenes the uniqueness was verified by a set of parallel measurements using a GC-
MS sampling setup (Fitzky et al. in prep.2020). For other compounds there is a wide body of literature of likely 
candidates that have been identified over the past decades as cited. Using PTR-TOF-MS we can obtain an actual 
isobaric formula, eliminating a range of potentially interfering species compared to older technology (e.g. QMS). Yet 
it is true that potential interferences are always possible with in-situ instrumentation. So strictly speaking our results 
refer to the isobaric formulas which are now cited throughout the manuscript.  
Changes: We are now more specific about the suggested species assignment and refer to the actual isobaric formula 
in the first place and mention likely VOCs contributing to the individual isobaric formulas.  

 
Reviewer Comment 23: Line 193: please name and comment on the calibration of these compounds.  
Reply: The ratio of the sum of carbon lost in form of BVOC (CBVOCs) vs. the uptake of carbon from net photosynthesis 
(CA) was calculated according to Pegoraro et al. (2004), with the BVOCs used to calculate CBVOCs given in Table A2 
(Line 215). 
The list of the compounds is summarized in Table A2. For the calibration of these compounds we used the calibration 
gas used for the calibration of the PTR. 

 
Reviewer Comment 24: Line 254: why high to moderate, any references? 
Change-> Line 280: All six trees began the experiment with a high to moderate mean SWP of -0.9 MPa (Brüggemann 
and Schnitzler, 2002) 

 
Reviewer Comment 25: 260-263: please rephrase, I just don’t get it. 
Reply: The grouping performed for this analysis was based on SWP, and not time or day, because it reflects the actual 
physiological changes. We therefore clarified this paragraph as following. 
Change-> Line 286: R1, shown in Fig. 2 (a), includes values of trees fumigated with ozone (DS×OS) from the first and 
the second day of analysis, because, for this set, SWP hadn’t changed much during these two days. Differently, for 
DS, R1 includes only measurements of the first day. The values collected during the second day of analysis, for the 
set DS, is assigned to R2, because we observed a decreased of SWP between the first and second day of 
measurement.  
 
Reviewer Comment 26: Line 303: wouldn’t it be better to say R4 instead of SWP -6MPa?  
Change-> Line 332: emissions at R4. 

 



Reviewer Comment 27: Line 310: please can you mention on how they did not change?  
Change->Line 340: In contrast, no significant increase was observed in the leaf temperatures, suggesting IS 
emissions of DS×OS in R2 being a result of a temperature-independent isoprene production. 
 
Reviewer Comment 28: Line 334: actually for MT DS there was no significant increase.....  
Reply: Is significant the increase between R1 and R4 for DS. 
Change-> Line 373: In this experiment MT emissions from Q. robur increased in DS and DS×OS trees. In the case of 
DS, there was a positive effect of drought, with a significant increase in MT emissions, although there was a drastic 
decrease of IS emissions when the water deficit was severe. 
 
Reviewer Comment 29: Line373-374: please state the values of low and high  
Change-> Line 409: In this experiment, GLV emissions in R4 were not significantly different from R1, with low values 
in ozone treated plants (DS×OS), while plants that were exposed to drought only (DS) exhibited higher emissions, 
with a significant increase of GVL emissions between R1 and R4 (Table 2). 
 
Reviewer Comment 30: Line 404: please do not use the word believe! 
Change-> Line 444: We consider that leaves 
 


