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Dear Editor

We would like to thank you for thoroughly reviewing the previous version of our manuscript entitled “The response of soil microbial communities to variation in annual precipitation depends on soil nutritional status in an oligotrophic desert” by Cristina Montiel-González, Yunuen Tapia-Torres, Valeria Souza and Felipe García-Oliva. We have made changes to the manuscript based on the comments and suggestions made by the reviewers.

We are submitting this new version for review and possible publication in Peer J and we hope you will find it suitable for the journal. In the following pages you will find a detailed account of our response to the reviewer´s comments and suggestions. Finally, I would like to state that the content of his manuscript had not published or submitted for publication elsewhere.  

Thank in advance for you kind attention.

Sincerely,

Dr. Felipe García-Oliva
fgarcia@cieco.unam.mx



Peer J Review 1

General comments:
R1: The authors have reported on a strong study assessing how variation in  precipitation alters 1) microbial expression of ecoenzymes associated with C, N, and  P acquisition, 2) microbial C, N, and P content, and values of 3) threshold element  ratios (TERs) in two habitats of the Cuatro Cienagas Basin of Mexico. These two sites have similar geology and microbial community taxa, but differ with respect to 
dominant desert vegetation. The authors found that microbial biomass (Cmic) is consistently lower in the site dominated by rosetophylous (RS) vs. grassland (G) vegetation, while ecoenzyme activities varied between sites and through time. Ecoenzyme expression associated with labile and recalcitrant forms of C were similar between the two sites, but ecoenzyme activities associated with N acquisition were significantly lower at the RS vs. G during a year with low rainfall. Although ecoenzyme activitity associated with P acquisition was of similar magnitude during the year with low rainfall, the microbial community at the RS site had greater activity than the G site during years with greater rainfall (2013-2014).
R1: A novel aspect of the manuscript is the authors’ regressions of microbial C, N, and P content vs. precipitation and ratios of C:N:P in microbial biomass vs. precipitation. The authors show increased energy and nutrient assimilation by the microbial community in response to increased precipitation. (I personally like the figures vs. the table summarizing the regression equations, as slopes of near 0 are hard to envision as significant without visual cues.)
A: The figures S1 and S2 were integrated in the text as Fig. 1 and Fig. 2. While, table 5 was send to supplementary material as Table S1. 

R1: Another novel aspect of the manuscript is variation in TERs with change in water availability, that correspond to differences in ecoenzyme activities observed at the two study sites. (The authors could better highlight these results as novel.)
A: We included the following sentence to highlight the result as novel (In red; L556-557):
To the date, these results represent the first report of TERC:N and TERC:P variations related to changes in water availability under different vegetation covers. The estimated TERC:N was lower in the wet year for both sites, indicating greater sensitivity to N limitation due to the rapid growth of the microbial community produced by the water availability. For TERC:P, we observed site-specific differences.

R1: My main concern with the manuscript is that the main idea of vulnerability in the microbial community with variation in precipitation is not well supported theoretically or through the organization of Results and the Discussion. I think the criteria for the basis of vulnerability could be better outlined in the Introduction and then reiterated (rather than first described) in the Discussion. I also think the paper would be stronger if the Methods and Materials section also included specific descriptions that link statistical approaches to these criteria, as well as the two predictions listed by the authors. Finally, the Discussion should note which results support the conclusions listed.
A: The importance of concept of vulnerability was reduced through the MS as a reviewer suggested. See details below. 
Throughout the review, the two reviewers suggest the reduction of the importance of the concept of vulnerability, because of that; the suggestion was addressed by modifying different sections of the document. See details below.
[bookmark: _GoBack]
R1: The conclusion of vulnerability is not strongly supported by the results. The authors could acknowledge an alternative explanation that the microbial community in the RS site may be well adapted to variation in precipitation because it can upregulate ecoenzyme activity during time of adequate moisture. Nonetheless, this study serves as a baseline for understanding whether community function is impaired by longterm drought in future studies, which is a point that could be made by the authors
A: we rewrote the conclusions

The paper could be improved through the following additional changes:
R1: First, some text, particularly in the Introduction, needs editing by a native English speaker. Specific suggestions to improve clarity are given below, but there are other areas of text where editing could make meaning more clear while reducing length of text. In some cases, clarity could be improved by separating ideas into two sentences (e.g., lines 143-147).
 The manuscript has been sent to a native english speaker for revision and edition (Keith MacMillan email:k_macmillan@yahoo.com)
An example of the modified sentences are as (L140-143): 
The higher DOC concentration under grassland soil compared to desert scrub soil favored a higher microbial N immobilization and a higher C availability, therefore significantly reducing soil N losses (Tapia-Torres et al. 2015b). 


R1: Second, climate variation should be described in the study site description to better set up the context for the study.
A: The description of rainfall variability was moved from result section to study site description as reviewer suggested (L207-2014):
 In this study the annual precipitation was estimated as the amount of rain accumulated 9-months before the sampling month. The precipitation data were obtained from meteorological station 5044 “Cuatro Cienegas” located at 26°59’0’’ N and 101°04’0’’ W (http://smn.cna.gob.mx/). Annual precipitation and the average temperature of the sampling months varied strongly during the four studied years: The year 2011 was the wettest year (348 mm and 25°C), 2012 was particularly dry and hot (89 mm and 28°C) and was followed by two wet years (217 mm and 230 mm for 2013 and 2014, respectively) with lower temperatures (24.9 and 24.8°C for 2013 and 2014, respectively).
Third, the specific edits suggested below should be addressed.
Specific comments:

Abstract
R1: Define acronyms (e.g., first line: “Soil microbial communities (SMC) …”).
A: Done (L27)

R1: The last sentence of the discussion section of the abstract is unclear. Please revise to clarify whether the first part of the sentence is referring to the SMC at the G site or the RS site. Also clarify how the nutrient limitation at the RS site is different than the G site needing more P and N, as stated.
A: The Discussion section of the abstract was rewrote (L51-58).
Discussion. Soil community of both sites (RS and G) may be vulnerable to drought. However, the community of the site with lower resources (RS) is well adapted to acquire P resources by ecoenzyme upregulation, suggesting that this community is resilient to face up the wet years. Under the Global Climate Change scenarios for desert ecosystems that predict reduced annual precipitation and an increased intensity and frequency of torrential rains and drought events, the soil microbial communities of both sites could be vulnerable specially to drought due to the combination of: 1) A high co-limitation by C-P, and 2) A high reallocation of resources to physiological acclimatization strategies in order to survive.
Introduction
R1: Line 80: Unclear. Perhaps change to “Enzymatic activity stimulated by rainfall in desert ecosystems may result in most of the total annual mineralization that occurs in desert soils (Manzoni et al. 2012).” Line 82: Unclear. Please edit for clarity.
A: We rewrote these sentences as (L72-74):
For example, enzymatic activity stimulated by rainfall in desert ecosystems may result in most of the total annual mineralization that occurs in desert soils (Manzoni et al. 2012). However when soil water potential decreases, the metabolic activity of most soil microbial species is reduced, and thus a decline in nutrient mineralization can occur.

R1: Line 96: Change to “… microbial communities transform molecules …”
A: Done (L87-89):
Moreover, microbial communities can help accelerate the transformation of molecules containing C, N, and P by producing soil extracellular enzymes (ecoenzymes) (Sinsabaugh & Follstad Shah 2012; Sinsabaugh et al. 2009).

R1: Lines 98, 174, 332, 739: The citation should read “Sinsabaugh & Follstad Shah 2012
A: Done in all sentences and Reference list.

R1: Line 142: Change to “… (grassland and desert scrub) differences in OM content promotes variation in DOC concentration …”
A: Done (L139]:
…(grassland and desert scrub) differences in OM content promotes variation in DOC concentration…

R1: Lines 171-178: This text could be introduced earlier to provide context for how energy or nutrient (co-) limitation was ascertained in previous studies conducted in the CCB. Alternatively, please describe the framework used to determine whether study sites were energy or nutrient limited, if the framework differed from C:N:P ratios in soil and microbial biomass or calculations of TERs.
A: we moved these sentences before, as reviewer suggested (151-158):
Both studies suggest that differences in DOC concentration (energy availability) and microbial community composition promoted different nutrient dynamics. In the sites with organic matter providing lower DOC concentrations, the microbial communities may be co-limited by energy and nutrients and yet they must invest more energy in order to obtain the most limiting nutrients. An indicator that helps us understand how resources are reallocated by the microbial community to cope with the nutrient limitation is the combination of: 1) the stoichiometry ratios of C:N:P in the soil and microbial biomass (Cleveland & Liptzin 2007) and 2) the Threshold Elemental Ratio (TER) (Sinsabaugh & Follstad Shah 2012; Tapia-Torres et al. 2015a), which defines the element ratio at which growth is affected by nutrient limitation (represented by N and P, at high C:N or C:P) and by energy limitation (represented by C, at low C:N or C:P) (Frost et al. 2006; Sterner & Elser 2002). The combination of stoichiometry ratios and TER indicate how resources are reallocated towards enzyme activity depending on the availability of energy (C) and nutrients (N and P) in the soil. This microbial co-limitation between energy and nutrient acquisition was also found in CCB by comparing the TERC:N and TERC:P from two sites with the same vegetation cover (grassland), but different soil moisture and DOC availability values (Tapia-Torres et al. 2015a).

R1: Line 195: The abstract says data were collected in 2011, but here 2011 has been omitted. Please rectify the discrepancy.
A: we add 2011 in this sentence (In red, L192):
Collections were conducted during years: 2011(February), 2012, 2013 and 2014 (September), over which a noticeable variation in annual precipitation took place.

Materials & Methods

R1: Lines 208-210: Description of eastern side of basin is not required if all sites were located on the western side.
A: We deleted the description of the eastern side of basin.

R1: Lines 219 and 287: The authors state that 2011 was the wettest year, but samples were collected in February of 2011 and September of other years. However, the authors also stated that precipitation data were collected from a weather station nearby the study sites. It would help if authors included average precipitation for each year in the description of study sites.
A: We explained in the Study site section how we obtained the annual precipitation. The annual precipitation values were move from the result section to the Study site section (L 207-210):
In this study the annual precipitation was estimated as the amount of rain accumulated 9-months before the sampling month. The precipitation data were obtained from meteorological station 5044 “Cuatro Cienegas” located at 26°59’0’’ N and 101°04’0’’ W (http://smn.cna.gob.mx/).

R1: Line 303: Authors should note why assays were conducted at pH ~ 9, when pH was 8.1 in all years, except 2012 when it was 8.3-8.5 (Table 1). According to, pH has a strong influence on ecoenzyme activity.
A: We agree with Sinsabaugh (2010) that the pH has a strong influence on ecoenzyme activity (mainly oxidative enzymes). The Cuatro Cienegas soil are alkaline with reported pH higher than 8.  We developed a protocol of enzymatic activity, testing different pH values of the buffer MUB using for soil enzyme extraction that ranged between 8-9.5. Due to in the valley there are soils with pH higher than 9 in a previous study, the enzymatic activity was developed using MUB at pH 9 for the enzyme extraction (Tapia-Torres et al. 2015a). Therefore, we used the MUB pH 9, because we want to standardize enzyme activity data with another studies within CCB.

R1: Line 305: Does ‘a determined temperature’ mean that temperature varied and was recorded? If so, by how much did temperature vary? A difference of several degrees C could alter the activities of ecoenzymes, particularly oxidative enzymes, thus confounding results.
A: The temperature was similar for all enzyme assay (40°C). For this reason we rewritten the sentences (L: 316-318):
All ecoenzyme assays were incubated at 40° C:  the BG and CBH for 2h, NAG for 3h, PPO for 2.5h, PME and PDE 1.25h.
R1: Line 351: the authors state that TERC:P was calculated using the ratio of BG:AP, but AP was not measured. The authors should state which of the P-acquiring ecoenzymes they measured for this calculation.
A: We rewrote the sentence for improve clarity in the TERC:P (365-367):
BG/PME is the ecoenzymatic ratio for -1,4-glucosidase and phosphomonoesterase, BC:N and BC:P are the C:N or C:P ratios of the microbial biomass (respectively) and n0 and p0 are the dimensionless normalization constants for N and P, respectively.

Results
R1: Lines 360-364: This information is not an experimental result, but rather provides context for the study design. As such, it should be reported in the study site description.
A: We moved this paragraph to a study site section (see before).

R1: Line 432: Readers would be interested in knowing the common value for the slopes for ecoenzyme ratios. The slope value is a good indicator of C vs. nutrient limitation or whether the system is at equilibrium (Sinsabaugh et al. 2009, Sinsabaugh & Follstad Shah 2012). 
A: The regression models were no statistical different to cero, as a consequence the slope is cero. However, we add Fig. S1 and S2.
Discussion

R1: Line 460: low P availability also suppresses growth, based on the ‘growth-rate hypothesis’ because ribosomes are P-rich molecules (Sterner & Elser 2002). 
A: We rewrote these sentences (474-477):
These results suggest that the microbial community in the RS soil, with lower resource availability, must reduce growth as a result of: 1) The physiological cost associated with a low reallocation to P-rich ribosomal RNA as suggested by the growth rate hypothesis (GRH) (Sinsabaugh & Follstad Shah 2012; Sterner & Elser 2002; Zechmeister-Boltenstern et al. 2015) and 2) the microbial community must to invest energy in the acquisition of P in order to produce ecoenzymes (Evans & Wallenstein 2012; Schimel et al. 2007; Wallenstein & Hall 2012).
Therefore we add the following references:
Sterner RW, and Elser JJ. 2002. Ecological Stoichiometry: The Biology of Elements from Molecules to the Biosphere: Princeton University Press.

Zechmeister-Boltenstern S, Keiblinger KM, Mooshammer M, Peñuelas J, Richter A, Sardans J, and Wanek W. 2015. The application of ecological stoichiometry to plant–microbial–soil organic matter transformations. Ecological Monographs 85:133-155.


R1: Line 498: citations (name format) should be added here rather than the number format. 
A: We add the correct references in the text (L515-516):
 (Koch et al. 2008; Tan et al. 2013).

R1: Line 553: The authors claim that the microbial community at the RS site is only meeting metabolic demands in times of low water availability based on low ecoenzyme activity, as well as C and P co-limitation. It is clear that Cmic is lower at the RS site relative to the G site, and this finding is consistent across years. However, Figure 1 shows that activities of ecoenzymes associated with C and P acquisition are of similar magnitude at RS and G sites. Figure 3 shows that TER values also are similar at both sites in 2012. This suggests to me both sites may be vulnerable to variation in rainfall. Figures 1 and 3 also show that ecoenzyme activities associated with P acquisition and TERC:P values are greater at RS vs. G, as reported by the  authors. I agree that these results indicate greater P sensitivity at the RS site. But 
these results also suggest the microbial community is well adapted to acquire P resources (via ecoenzyme upregulation) when water is not limiting. In short, the community is resilient rather than vulnerable. The real test of vulnerability would be to determine whether a similar magnitude of upregulated activity is possible after a prolonged period of drought.
A: We agree with the reviewer and thanks for his/her comments. We rewrote these sentences: 
(L567-577): Our results for the dry year (2012) showed that the ecoenzymatic activities associated with C and P acquisition were lowest in the RS and G soils, as well as the values for  TERC:N and TERC:P were similar between RS and G soils, suggesting that both sites may be vulnerable to drought. However, with the increase of the annual precipitation (years 2013 and 2014 ), the G soil microbial community requires more P and N to meet its metabolic demands and they make metabolic adjustments in order to maintain its growth which makes it more susceptible or sensitive to resource limitation. Similarly when the water is not limiting (2013 and 2014) the increasing in ecoenzyme activities associated with P acquisition and the increasing in TERC:P values also suggest that the RS soil microbial community is well adapted to acquire P resources via ecoenzyme upregulation.
(L582-586): We suggested that, under the scenario proposed by Global Climate Change models for desert ecosystems that predict reduced annual precipitation and increased rainfall variability, the microbial community from the both sites could be vulnerable to drought events, but the RS soil microbial communities can make adjustments in order to obtain nutrients in the wet years, suggesting that this community is resilient to face up the wet years. 

R1: Line 569: The authors may want to reiterate that this conclusion is based upon greater Cmic and lower C:nutrient within microbial biomass at G vs. RS. 
A: We deleted this conclusion.
R1: Line 575: I would have liked to see these criteria listed in the introduction as they are the basis upon which the authors assess vulnerability within the communities. I also would have liked to have the authors note in the Materials & Methods section which analytical approach tested each of these criteria. 
A: we reduced the relevance of vulnerability concept through the Ms.

R1: I also do not agree with the conclusion that the RS microbial community was slow to respond to precipitation changes, given that statistical different rates of P acquiring ecoenzyme activities were evident at RS within one year (2012 vs. 2013) and persisted into 2014. This suggests the community could readily upregulate activities in response to increasing water availability. The slope of the Cmic:Rmic-precipitation relationship was greater for the RS vs. G site, but not greatly so. This result indicates that P acquisition was somewhat slower relative to C assimilation at the RS site relative to the G site. The authors may wish to use the equations to note differences in the assimilation rate per mm increase in precipitation to better support their conclusion regarding response to precipitation change.
A: we rewrote the Conclusions.

Reviewer 2 (Anonymous)

Basic reporting
The authors of this research present interesting findings that are well supported by thorough attention to various measures of microbial biogeochemistry (microbial biomass stoichiometry, enzyme activity, soil nutrient pools) and analysis in a desert ecosystem. The authors demonstrate that desert ecosystems may respond the variability in rainfall in unique ways depending on soil nutrient content (plant cover) (e.g. under wetter conditions an increase in relative production of P-targeting enzymes in RS soils and higher microbial nutrient concentration in G soils) and also in broad overarching ways as well. These responses are observed both in soil microbial mediated boigeochemsitry as well as bacterial community composition. I believe that the content that is presented in this manuscript is of interest in building understandings of microbial community function in these ecosystems with increasing pressures of climate change and precip variability. 
R2: I do believe that the communication of this study could stand to improve a bit. I think that the discussion is well related to past studies and prevailing theory, but I think that generally these results are over-interpreted. For example, when one of the wet years has significantly greater enzyme activity in one cover than another and conclusions are drawn about mechanism. 
A: These comments are address in detail below
R2: I think that the scope of this journal may be okay for this type of study, but I do as the author to include a caveat about the generalizability of their study (being limited). If the study had a more limited scope in its thesis, I think it could be better communicated.
A: These comments are address in detail below 

Title:
R2: Unclear what “vulnerability” refers to. Can you think of a title that more reflects the central findings: That microbial responses to variation in annual precipitation depend on soil nutrient status in a desert ecosystem.
A: We changed the title as reviewer suggested:
The response of soil microbial communities to variation in annual precipitation depends on soil nutritional status in an oligotrophic desert
R2: This is the type of insight that I draw from this study…. And the narrative could stand to improve my having a clear thesis as such.  It appears that this is a discussion of “interannual variation”- so I would specify that in title and after when talking about variation
A: We have incorporate a new redaction and we have specified that we are talking about variation in annual precipitation, to improve clarity along of the paper

R2: Line 39: Please introduce the acronym earlier in the paragraph with parentheticals before using.
A: done.  
R2: Line 80-81: This sentence does not make sense “… are highly enzymatic activity..” ?? Line 83: This sentence does not make sense “In the rainy enzymatic…” ??
A: We rewrote these sentences as (72-74):
For example, enzymatic activity stimulated by rainfall in desert ecosystems may result in most of the total annual mineralization that occurs in desert soils (Manzoni et al. 2012). However when soil water potential decreases, the metabolic activity of most soil microbial species is reduced, and thus a decline in nutrient mineralization can occur.
R2: Line 132: I would just ask the authors to consider that there could be great functional redundancy with these enzymes (many microbes produce them) and that the change in microbial structure does not necessarily relate to adaptation to different variable precipitation, but just the turnover of microbial communities and the fact that many different microbes can produce the enzymes (unless some sort of correlation is shown between precip->microbial community structure->enzyme activity.
A: We add a sentence related to functional redundancy (106-108):
Additionally, the soil microbial communities can exhibit functional redundancy in the ecoenzyme production (Allison & Martiny 2008).
A: we add the red words in the following sentence (L129-130):
Sites with low resource availability could be therefore more vulnerable to annual precipitation variability.
R2: Line 181: word choice… perhaps “dynamic” instead of “aspect”.
A: done (L178)
R2: Lines 510-514: Can you move this up from the discussion to frame the hypothesis- that basically high nutrient environments are more resilient to variability in precip?.
A: We add the following sentence in the introduction section (L126-130):
Wallenstein and Hall (2012) proposed that sites limited by nutrients are more vulnerable to annual rainfall variability, because the microbial community must invest energy in nutrient acquisition, and consequently reducing its capacity for adaptation required by fluctuation in water availability. Sites with low resource availability could be therefore more vulnerable to annual precipitation variability.

R2: Line 220: 2011 was sampled in Feb. Can you make a note that this timepoint was left out of regression analysis- to clarify it is not confounding this results if so. 
A: We described in the “Data analysis” section that we use data from 2011, 2012, 2013 and 2014 to the regression analysis. (L 352-353).

R2: Lines 292-294: This can go in results. 
A: These sentences were moved to the result section.

R2: Lines 286-291: First please write out J. Craig Venter Insitute (JCVI) if this is what is meant. Secondly, please include a citation that details the JCVI pipeline methods for sequence processing/analysis. 
A: We incorporated the acronym and include a citation that details the JCVI pipeline methods (L302). 


R2: My other concern is just to ask if the authors could make sure to communicate how they address that other factors other than precipitation change from year to year. For example, is it clear that the soil moisture content actually reflects the differences in annual precipitation?. these two things exist on such different scales and it could be soil moisture driving differences rather than interannual variation in precip, per se.
In the results- moisture seems to be significantly different between years, and moisture itself could control variation in nutrient dyanamics (and is known to affect enzyme activity) on temporal scales that are disjointed from annual precipitation- and yet the regression models are all focused on annual precipitation (year). pH also changes… The manuscript could better address how variability is annual precipitation is actually synonymous with year and not confounded by other factors and temporal scales. I don’t believe the study adequately tests responses variability itself, but rather seeks to understand the relationships of variable precipitation with soil/microbial mediated processes.There is no control to test variability over the years or a measure of variability itself, but the study rather show correlations between annual precipitation and dissolved nutrients/microbial nutrient ratios etc. over 3 years. Thus, I believe the manuscript needs to be reframed to communication this and not claim to assess the impact of variability itself (which I think in many sections is okay- but should be attended to).There may be some implications regarding increasing variability in precip with climate change that can be generated from this study…but must be framed as such and not as a study of this in itself.

A: We add the following sentences (L377-379):
Soil pH correlated with annual precipitation in both sites (R2 = -0.85 and R2 = -0.61 for RS and G, respectively), as well as soil moisture correlated with annual precipitation (R2 = 0.76 and R2 = 0.88 for RS and G, respectively).

R2: Lines 491-509: No statistics are actually demonstrating any connection between enzyme activity and microbial taxa relative abundances, I think this is a bit too handwavey and should be much more limited if included.
A: We do not present a statistics to test the connection between ecoenzyme activity and microbial taxa relative abundances, we searched in the literature the taxa that produce enzymes that have been reported in several studies including a previous study in CCB for microorganisms that produce enzymes to obtain P (Tapia-Torres 2016). Based on the composition of the microbial community we make a proposal of the potential capacity of the taxa to produce enzymes. However, we are aware that this proposal could be a perspective for further study.
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