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Anonymous Referee #1 Received and published: 25 November 2019 General com-
ments: This manuscript (MS) examined soil microbial C:N:P stoichiometry along a
large aridity gradient across different temperate grassland biomes, using 58 plots sam-
pled from a 2100-km transect in Inner Mongolian, China. The dataset is good not only
in that studies of soil microbial stoichiometry along great aridity gradient is still limited,
and also because they examined difference in patterns and potential drivers between
top and subsoil. The MS is generally well written, though there were some clear type-
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writing flaws and some sentences not easy to understand. I suggest a minor revision,
mainly on the improving of the statistical analyses, and clarity and readability of the
MS. Response: Thanks for your positive comments. We have carefully revised our
manuscript according to your suggestions. Please see more details in our reply to your
specific comments.

Specific comments: The title: from the title I have first thought that you have sampled
much deeper than 10 cm. However, I then realized that you have sampled to a depth
of 20 cm. I would suggest to revise the title and delete “How deep do we dig for surface
soil?”. The rest part of the title is good enough. ResponseïijŽThanks for your construc-
tive comments. Following your suggestion, we have revised title as “A comparison of
patterns of microbial CâĂL’:âĂL’NâĂL’:âĂL’P stoichiometry between topsoil and subsoil
along an aridity gradient”.

Methods: In 2.2, how the above-ground biomass data was obtained was not clarified,
but this data was used in statistical analyses. In addition, the method to calculate arid-
ity index need to be introduced. Though the data was extracted from database, the
Equation needs to be introduced for readers to better understand the biological mean-
ings. Further, there were several different indices for aridity. Response: Thanks for
your suggestions. We are sorry that we missed this information. We have included
more details on the methods of data extracting in the revised manuscript. We mea-
sured the aboveground biomass by harvesting the aboveground part of the plants in
the sampling plot. We have revised as“ Thanks for your suggestions. We are sorry that
we missed this information. We have included more details on the data extraction and
data acquisition methods in the revised manuscript. We have revised it as “Aridity index
was extracted them from the Global Aridity Index (Global-Aridity) datasetïijŇwhich pro-
vide high-resolution (30 arc-seconds or ∼ 1km at equator) global raster climate data
for the 1950-2000 period (http://www.cgiarcsi.org) (Zomer, Trabucco, Bossio, & Ver-
chot, 2008). The specific calculation formula is as follows: Aridity Index (AI) = MAP /
MAE PET=0.0023ÂůRAÂů(Tmean+17.8)ÂůTD0.5(mm/month) where MAP represents
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mean annual precipitation, obtained from the WorldClim Global Climate Data (Hijmans
et al. 2005); MAE represents mean annual potential evapo-transpiration (PET); Tmean
represents monthly mean temperature, TD is calculated as the difference between
monthly maximum and minimum temperatures; RA represents the extra-terrestrial ra-
diation on top of atmosphere.

Statistical analyses: The plots were sampled from a northeast to southwest transect,
which include variations in both temperature and aridity. It remains unclear how tem-
perature contribute to the geographic patterns reported here. Considering the large
difference in aridity from typical steppe to desert steppe, personally I agree with your
results on the role of aridity on microbial stoichiometry. However, you may consider to
include temperature as a predictor, to make your conclusions more robust. Response:
thank you for your helpful suggestions. We have added related figure, result and dis-
cussion in the manuscript. Figure 2. Relationships between the C:N, C:P and N:P
ratios in soil microbial biomass and latitude (a-c), mean annual temperature (d-e) and
aridity index (g-i) in the Inner Mongolian grassland. In result: Besides, significant neg-
ative relationships were found between the microbial C:N ratio and MAT (Topsoil, R2
=0.14, P< 0.01; Subsoil, R2 =0.10, P< 0.01, Fig. 2d), while a negative relationship was
found between the microbial N:P ratio and MAT (Topsoil, R2 =0.19, P< 0.001; Fig. 2f).
In discussion: The increase in the microbial C:N ratio and decrease in the microbial N:P
ratio that were found along a temperature gradient in this study are in accordance with
the findings of Li et al. (2015) and Chen et al. (2016), who reported similar variations
in microbial stoichiometry along latitudinal gradients. Temperature drives the variation
in the growth of the microbial community, as high growth rates at low latitudes require
high RNA contents, causing the N:P ratio to decline (Chadwick et al., 1999; Kooijman
et al., 2009; Xu et al., 2013).

Results and Discussion: The SEM showed that climate have indirect effects through
AGB, SOC and F:B. These are also interesting results, but was not mentioned in re-
sults. I also suggest to added some discussions of these indirect effects, though some
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of them were mentioned in discussion implicitly. Anyway, these indirect effects are part
of the full picture how climate affects soil microbial stoichiometry. Response: Thanks
for your comments. We agree that indirect effects are part of the full picture how cli-
mate affects soil microbial stoichiometry. However, the SEM mainly was designed to
test the direct effects of potential driving factors. We have revised as follow:“In par-
ticular, drought, decreasing aridity index, could affect the growth and productivity of
plant, then shape the shift in vegetation types along this grassland transect (Jaleel et
al., 2009; Cherwin & Knapp, 2012). ”

By the way, the MS used many abbreviations, which markedly decrease the readability.
Please try to remove unnecessary ones (e.g. MS, TS, DS in Table 1) ResponseïijŽWe
have revised the several abbreviations such as SIC, TC and TP. We also have removed
the unnecessary abbreviation like MS, TS, DS in table and figures.

Minor comments: L45: meaning not very clear. Response: We have removed the
speculative statements. We have revised the sentence as “The results of this study
suggested that the flexibility of the microbial N:P ratio should be considered when
establishing the minimum sampling depth in a vertical study for microbial C:N:P sto-
ichiometry study of surface soil.”

L58: A few studies. You have listed some studies along latitudinal and environmen-
tal gradients in the subsequent text. Response: Thanks for your suggestion. Typo
corrected.

L62, 63: with higher latitude? Response: Thank you. Typo corrected.

L64: replace values with patterns Response: Corrected as your suggestion. L142: and
at a depth of 10 cm, what does this mean? Response: Thanks for your suggestion.
Here we mean that soil depth of 10 cm as surface soil could influence the research
on the vertical patterns of microbial stoichiometry. We have revised this sentence as
“(iii) to adapt to the imbalance of resources, microbial C:N, C:P and N:P ratios vary
between soil depths and at a depth of 10 cm as upper soil, which could influence the
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research on the vertical patterns of microbial stoichiometry.”

L 171: aridity index (AI) Response: Thank you. Typo corrected.

L217: “were well constrained (Fig. A2)”. It needs to be explained. Response: The
results indicate well-constrained relationships among C, N and P in soil microbial
biomass (Fig. A2). Here we mean that well correlations were found among C, N and P
in soil microbial biomass.

L219: larger->higher Response: Thank you. Typo corrected.

L223: the microbial C:N ratio in the subsoil was significantly higher than that in the
topsoil (Fig. 2b). This result can not be found in Fig 2b. I guess it was in Table2.
Response: We have revised Fig. 2b to Table.2

L238 (and elsewhere) Effects of potential driving factors Response: Thank you. Typo
corrected.

L303: microbial C:N:P stoichiometry impacted the microbial community structure as a
result of the F:B ratio. Do you mean that C:N:P stoichiometry affects microbial commu-
nity structure? This seems you be conflict with the SEM. In SEM (and the sentence in
line 300-303), the logic is that C:N:P stoichiometry changes as a result of community
structure. Response: Thanks for your comments. Given that specific microorganisms
(e.g. bacteria and fungi) may have unique elemental compositions, changes in soil
microbial communities may lead to differences in the element ratios in biomass (Strick-
land & Rousk, 2010; Mouginot et al., 2014; Zimmerman et al., 2014). As we shown in
SEM, here we mean that the microbial community impacted the microbial C:N:P stoi-
chiometry. We have revised as follows:“An experiment indicated that fungi have lower
resource requirements and higher C:N and C:P ratios than bacteria, and thus the mi-
crobial community structure impacted the microbial C:N:P stoichiometry as a result of
the F:B ratio (Mouginot et al., 2014). ”

Fig. 1 Where are the difference among the biomes here? In the caption (also in that of
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Table 1), you mentioned: MS, meadow steppe; TS, typical steppe; DS, desert steppe.
But you did not show the results at all. Response: Thanks for your reminder! We
have removed the speculative statements. This paper mainly focused on the difference
between upper soil and lower soil layer, not among the biomes.

Table 2: across 404 the Inner Mongolian grassland at ??? Biome: soil depth? You
did not compared biomes here in the Table. Response: Thanks for your reminder! We
have revised the Table.2.

Fig. 3: Why the figures of F:B were different from others? It seems many plots have a
same F:B value. Response: Thanks for your suggestion. Firstly, as I mentioned in the
uncertainties and perspectives, the determination of fungal and bacterial biomasses
by PLFA markers, which have limited targets for fungi and bacteria. Secondly,
considering relationships to environmental factors, previous studies found that shifts in
fungal:bacterial ratio dominance were not always in line with the general expectation.
This is likely because the traits expected to differentiate bacteria from fungi are often
not distinct (Mouginot et al., 2014). Finally, we analyzed the data to test the reliability
of F:B ratio. Compared to researches in similar study area, the result of F:B ratio
demonstrated the similar pattern along precipitation gradient. Reference: Chadwick,
O.A., Derry, L.A., Vitousek, P.M., Huebert, B.J., Hedin, L.O., 1999. Changing sources
of nutrients during four million years of ecosystem development. Nature 397, 491-497.
Cherwin, K., & Knapp, A. (2012). Unexpected patterns of sensitivity to drought in
three semi-arid grasslands. Oecologia, 169(3), 845-852. Chen, Y. L., Chen, L. Y.,
Peng, Y. F., Ding, J. Z., Li, F., Yang, G. B., Zhang, B. B. (2016). Linking microbial
C:N:P stoichiometry to microbial community and abiotic factors along a 3500âĂŘkm
grassland transect on the Tibetan Plateau. Global Ecology & Biogeography, 25(12),
1416-1427. Li, P., Yang, Y., Han, W., Fang, J., 2015. Global patterns of soil microbial
nitrogen and phosphorus stoichiometry in forest ecosystems. Global Ecology &
Biogeography 23, 979-987. Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M.,
Al-Juburi, H. J., Somasundaram, R., International Journal of Agriculture& Biology.
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(2009). Drought stress in plants: A review on morphological characteristics and
pigments composition. 11(1), 100-105. Kooijman, A. M., Mourik, J. M. V., & Schilder,
M. L. M. (2009). The relationship between N mineralization or microbial biomass N
with micromorphological properties in beech forest soils with different texture and pH.
Biology & Fertility of Soils, 45(5), 449. Trabucco, A., and Zomer, R.J. 2009. Global
Aridity Index (Global-Aridity) and Global Potential Evapo-Transpiration (Global-PET)
Geospatial Database. CGIAR Consortium for Spatial Information. Published online,
available from the CGIAR-CSI Geo Portal at: http://www.csi.cgiar.org. Hijmans, R.J.,
Cameron, S.E., Parra, J.L., Jones, P.G. & Jarvis, A. (2004) The WorldClim interpolated
global terrestrial climate surfaces, version 1.3 . Available at http://biogeo.berkeley.edu/.
Mouginot, C., Kawamura, R., Matulich, K.L., Berlemont, R., Allison, S.D., Amend, A.S.,
Martiny, A.C., 2014. Elemental stoichiometry of Fungi and Bacteria strains from grass-
land leaf litter. Soil Biology & Biochemistry 76, 278-285. Strickland, M. S., & Rousk,
J. (2010). Considering fungal: bacterial dominance in soils – Methods, controls, and
ecosystem implications. Soil Biology and Biochemistry, 42(9), 1385-1395. Xu, X.,
Thornton, P.E., Post, W.M., 2013. A global analysis of soil microbial biomass carbon,
nitrogen and phosphorus in terrestrial ecosystems. Global Ecology & Biogeography
22, 737–749. Zimmerman, A. E., Allison, S. D., & Martiny, A. C. (2014). Phylogenetic
constraints on elemental stoichiometry and resource allocation in heterotrophic marine
bacteria. 16(5), 1398-1410. Zomer, R.J., Trabucco, A., Bossio, D.A, van Straaten, O.,
Verchot, L.V. 2008. Climate Change Mitigation: A Spatial Analysis of Global Land
Suitability for Clean Development Mechanism Afforestation and Reforestation. Agric.
Ecosystems and Envir. 126: 67-80.

Please also note the supplement to this comment:
https://www.biogeosciences-discuss.net/bg-2019-351/bg-2019-351-AC1-
supplement.pdf

Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2019-351, 2019.
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