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Review of manuscript bg 2018 407: “Stable carbon and nitrogen isotopic composition of
leaves, litter, and soils of various tropical ecosystems along an elevation and land- use
gradient at Mount Kilimanjaro, Tanzania” by Gerschlauer et al.

This paper describes the isotopical signature of soils and above ground material in 12
ecosystems at Kilimanjaro. The data obtained is based on a comprehensive sample
collection and thus hold a great potential in describing isotopical differences among the
ecosystems. And as an isotopical description of the ecosystems the study surely has fine
value, but in order to draw some of the conclusions in the paper, my view is that additional
data are needed to fully support those statements. In the general comments below I have
tried to suggest some additional data, which the authors ought to include strengthening the
paper. I advise the editor to ask the authors for a major revision of the manuscript.

We thank the reviewer for her/his comments and value their constructive nature. Our
answers and comments are in bold font below.

General comments:

(1) The authors have a strong focus on using differences in 13C and 15N natural abundance
to explain how the different ecosystems work. I really lack some information or estimates
of biomass production and balances (both C and N) for the ecosystems. Both for C and N,
the input and output of matter would have strong effects on the cycling of those elements,
and thus this information is needed to understand/justify the conclusions of the paper.

For example, the authors talk about “tight N cycles” for some ecosystem, but 15N natural
abundance cannot stand alone to justify such statement. There we need to include both N
inputs and input form, and N removals. It is for example well known that animal manure
would affect the 15N natural abundance of soil, and thus, if some of the present ecosystems
have grazing animals or animal manure is used e.g. in the homegarden, then this would
most likely affect the N signature of the soil. Likewise, for C, we would need to know the
annual biomass production to really understand the different 13C natural abundances.

Therefore I ask that the authors in the revised manuscript give actual number or estimates
of C and N input and output balances, specify any N fertilizer additions, and make use of
this information to support the differences in isotopic signatures.

- We have followed the reviewer’s advice and have done our best to provide estimates
for biomass production and decomposition rates for all the studied sites.

We have made use of relevant research that has been recently published and that
assesses plant material decomposition using tea litterbags along the same elevational
and land-use gradient (Becker and Kuzyakov, 2018). While we have used the
normalized difference vegetation index (NDVI) calculated for these very sites by
Roder et al. (2017) as a proxy for primary productivity (Kerr and Ostrovsky, 2003).
These indexes provide relevant information on potential ecosystem productivity and
decomposition, and are now shown in the new Fig. S1. While there are some estimates
of aboveground litterfall for some of these ecosystems (Becker et al., 2015), there is an



obvious lack of belowground OM inputs, which is a highly significant aspect since
they can be up to an order of magnitude larger than aboveground ones. The
discussion below has been integrated within the body of the MS, and we include it
here for completeness.

Both primary productivity and litter decomposition show a hump-shaped pattern
with elevation that resembles that of precipitation. It is interesting to see the close
match between the two variables along the elevation range, albeit this trend weakens
slightly towards higher elevation sites. Optimum growth and decomposition
conditions are shown between 1,800 and 2,500 m.a.s.l.. These locations correspond to
low altitude forest ecosystems (FIm and Foc) that do not experience severe seasonal
limitations in moisture or temperature as it is otherwise the case in lower as well as
higher elevation systems that are moisture and temperature limited respectively
(Becker and Kuzyakov, 2018).

It seems reasonable to assume that in the case of natural ecosystems there may be a
steady state between SOM inputs and decomposition rates. This should be in contrast
with the typically altered nutrient dynamics of disturbed systems, particularly those
under agricultural management (Wang et al., 2018). We hypothesized that if carbon
inputs and outputs were roughly in balance, then the difference in 8"C values
between plant material and topsoil would be smaller in undisturbed sites compared to
managed or disturbed sites. Low fractionation factors in 8"C are commonly reported
between plant material and topsoils in natural systems mainly because of the
relatively limited humification of recent organic matter prevalent in topsoils (Acton et
al., 2013; Wang et al., 2018). The new Fig. 3 shows relatively small variations in o C
enrichment factors (> -1.25 %) both in undisturbed semi-natural and extensively
managed sites along the elevational gradient, while managed and disturbed sites show
higher and more variable 8"C enrichment factors.

Elevation has a strong influence on the seasonal litterfall dynamics observed in Mt
Kilimanjaro, and thus may have significant implications in the SOM cycling across
the various ecosystems (Becker et al., 2015). These authors suggest that the large
accumulation of particulate organic matter observed at the end of the dry season in
low and mid altitude ecosystems may result in the increased mineralization of easily
available substrates (Mganga and Kuzyakov, 2014) and nutrient leaching (Giitlein et
al., 2018) during the wet season. Therefore, besides the systematic removal of plant
biomass characteristic of agricultural systems, annual litterfall patterns may also
explain the comparatively lower contents of C and N observed in the topsoils of these
managed sites (Table 1). Furthermore, the relationship between 8"C enrichment
factors and soil C/N ratios shown in Fig. 3 may also be quite informative regarding
SOM dynamics. As previously mentioned, soil C/N ratios provide a good indication of
SOM decomposition processes, typically showing comparatively low values in
managed and disturbed systems. These correspond well with sites having large
enrichment factors (< -1.25 %o; i.e. intensively managed and disturbed sites), which
agree with the notion of altered SOM dynamics.

- We have also sought the best available information on fertilizer and pesticide use on
those sites. We have now included information about the use and isotopic composition
of fertilizer and pesticides in a dedicated section in the Supplementary Information.



We would like to acknowledge that contrary to agricultural research stations or
purposely-established agricultural field trials, it is extremely difficult to provide
reliable estimates of both fertilizers and pesticide rates used in small household farms
in sub-Saharan Africa. This is because the actual use of these products is strongly
dependent on both its availability in the local/regional market, the economic
circumstances of each individual farmer, and individual perceptions about their use
(Saiz and Albrecht, 2016). Indeed, a recent study specifically investigating the effect of
land use on soil biochemical properties on nearby/comparable sites (Mganga et al.,
2016) had to refer to coarse regional estimates of fertilization rates published two
decades ago (Giller et al., 1998). Other relevant studies (e.g. Classen et al., 2015;
Becker and Kuzyakov, 2018) refer to qualitative estimates compiled by a plant
ecologist with long expertise in the region, but no actual amounts of fertilizers or
pesticides are provided.

Being well aware of the difficulty to provide accurate numbers on mineral fertilizer
and pesticide inputs, we have clearly tagged in the text those sites that receive any of
those. These are the two intensively managed systems: Maize (Mai) fields and Coffee
(Cof) plantations, and to a lesser extent the homegardens (Hom) sites. In the latter
sites Giitlein et al. (2018) report that weed control is mainly done by hand, and the use
of mineral or organic N-fertilizers is low or non-existent.

As mentioned earlier, Giller et al. (1998) reported an estimate of ca. 40 kg N ha—
inorganic fertilizer use in the Kilimanjaro region. A more recent report (i.e. Senkoro
et al., 2017) indicate a generic fertilizer use of 17 kg/ha/yr on a country basis, with
about 12% of the national fertilizer share being used in the Kilimanjaro and Arusha
regions. Urea (48% N) and diammonium phosphate (18% N) accounted for about half
the total volume of fertilizer used in 2010. Nonetheless, the nitrogen isotopic signal of
both fertilizers is ~0 %o (Bateman and Kelly, 2007), for which it will not provide a
significant additional bias on the interpretation of soil 8"°N values. However, the
addition of manure (615N ~8 %0) in Hom systems, albeit used in low quantities (Giitlein
et al., 2018), may have well contributed to the high 8"°N values observed in this
ecosystem (Fig. 4).

While reliable data on pesticide amounts cannot be provided, we show an indication
of two of the most commonly used pesticides as this may serve as a ready reference in
future studies. The actual value may strongly depend on the manufacturer, which as
in the case of 5"°C can be quite different for glyphosate. Regardless of this, we suggest
that the use of pesticides may not pose a strong bias in our isotopic results since their
use is limited to intensively managed sites, and the actual isotopic values of pesticides
work in the opposite direction to our data (Fig. 4a).

8"C (%o) 8" N (%o)
Glyphosate 24;-34"! 3.6°
_Atrazine -28.9;-27.9° 0.2 ;-1.5°

1 Kujawinski, D. M., Wolbert, J. B., Zhang, L., Jochmann, M. A., Widory, D., Baran, N., & Schmidt,
T. C. (2013). Carbon isotope ratio measurements of glyphosate and AMPA by liquid chromatography
coupled to isotope ratio mass spectrometry. Analytical and bioanalytical chemistry, 405(9), 2869-2878.
2 Tavares, C. R. D. O., Bendassolli, J. A., Ribeiro, D. N., & Rossete, A. L. R. M. (2010). 15N-labeled
glyphosate synthesis and its practical effectiveness. Scientia Agricola, 67(1), 96-101

3 Meyer, A. H., Penning, H., Lowag, H., & Elsner, M. (2008). Precise and accurate compound specific
carbon and nitrogen isotope analysis of atrazine: critical role of combustion oven conditions.
Environmental science & technology, 42(21), 7757-7763.



- We have also included information on other ecosystem inputs in our response to a
dedicated specific comment about section 2.1.

We trust that the reader has now sufficient information to critically assess the
limitations that the study contains on external nutrient additions.
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(2) In the abstract the authors end with a statement regarding “rising temperatures in a
changing climate”. When I read the manuscript “rising temperatures in a changing climate”
is not really clear from the text — please help the reader to understand how this study can
say something about “rising temperatures” — many of you ecosystems differ not only in
temperature due to the elevation gradient, but also to e.g. management. Thus, I find it hard
to directly understand how “rising temperatures” are covered, unless you can specify that
the same ecosystem with similar management is studied at two or more points at the
elevation gradient.

In fact, please thoroughly consider your statements regarding “temperature”. For example
in line 357 you state that “we suggest that . . .increasing temperatures in a changing climate
may promote C and N losses” — come on folks isn’t that common text book knowledge?

As mentioned by the reviewer, our study does not specifically assess the effect of rising
temperatures on SOM dynamics. However, our data show strong relationships
between temperature and variables directly related to SOM dynamics such as soil
8"C, C, N and C/N ratios. These results agree well with recent findings by Becker and
Kuzyakov (2018) who studied SOM decomposition dynamics at these very sites. An
important finding revealed by that study is that of seasonal variation in temperature
is a major controlling factor in litter decomposition. Their study shows that small
seasonal variations in temperature observed at high elevation sites exert a strong
effect on litter decomposition rates. Therefore, the authors argue that the projected
increase in surface temperature may result in potentially large soil C losses at high
elevation sites due to their strong temperature sensitivity to decomposition. This is
normally expected since the temperature sensitivity of decomposition is generally
higher at higher elevations and at low temperatures (Blagodatskaya et al., 2016;
Davidson and Janssens, 2006).

We believe that the data obtained in our study reinforces such view. Please note we
use the term ‘suggest’ to refer to this aspect. In any case, we are ready to remove this
statement if the reviewer still has a concern with it.

Blagodatskaya, E., Blagodatsky, S., Khomyakov, N., Myachina, O., & Kuzyakov, Y.
(2016). Temperature sensitivity and enzymatic mechanisms of soil organic matter

decomposition along an altitudinal gradient on Mount Kilimanjaro. Scientific Reports,
6, 22240.

(3) The data from the 12 ecosystems are clustering with the six forest together and the other
six ecosystems differing from them. I don’t think that all of the statements and comparisons
across such clustered data are fair. For example the 13C and 15N natural abundance in
forest ecosystems are very alike in spite of quite different temperatures, precipitation, soil C
and N contents (Fig. S2 and S3). This to me is interesting — why are they so similar in
signature in spite of these differences?

I ask that the authors are more cautious in the data interpretation with such clustered data —
as in please don’t try to make “correlations across ecosystems”, and put some words on



where ecosystems have similar isotopic fingerprints. (And why do you forget about the C3
— C4 story in your discussion and presentation of the results?).

Ecosystems dominated by C3 vegetation, such montane tropical forests, usually show
a relatively small increase in 8"C values of about 1.2%. per 1,000 m elevation (Korner
et al., 1988; Bird et al., 1994). Such trend has been graphically depicted in Fig. S2 to
allow for direct comparisons with our data. The text in the relevant section (4.1) has
been significantly edited to improve the discussion of our results.

Connected to our response to the first comment, explaining the estimates of ecosystem
productivity and decomposition, the new figure showing the relationship between o C
enrichment factors and soil C/N ratios and soil carbon contents (Fig. 3) further
support the contrasting SOM dynamics between semi-natural ecosystems and
intensively managed/disturbed systems.

A final comment on the similar "*C values in forest ecosystems: work conducted
along a comparable elevation range by Bird et al. (1994) in Papua New Guinea shows
a negative relationship between soil 8"3C corrected for altitude and SOC contents in
C3-only vegetation systems, which roughly resembles our data and relies on similar
explanations. Thus, we were not overly surprised with the relatively small variation in
soil "C values and the moderate range in SOC contents observed along the
environmental conditions encompassed by these semi-natural forest ecosystems.

While it is widely accepted that soil "N provides valuable insights about the N cycle
in a given ecosystem, we agree with the reviewer that a number of factors including
the nature and balance of N inputs and outputs may significantly affect its isotopic
signal, thus rendering it not sufficient to undisputedly draw the conclusion about open
and closed nitrogen cycles we had made in section 4.3 (and in the abstract). We do
thank the reviewer for having brought this important aspect up. Indeed, after
considering the water concentrations of soil nitrate provided by Giitlein et al (2018), it
appears that forest ecosystems have significant N losses through this pathway, which
would go unnoticed if one relies exclusively on soil 8"°N values as was the case in the
study by Zech et al (2011). Consequently, we have modified our statements regarding
the open and close N cycles in the abstract, discussion and the conclusions.

(4) The Helichrysum” ecosystem seems to confuse the authors (and thus also the readers
of the manuscript). In one place (line 162-163) the sandy nature is used to unquestionably”
explain soil C and N contents, at another place (line 247-249) lignin is the explaining
factor, and in the correlation analysis (Fig. 4, Table S2) also temperature is strongly
correlated to the cycling of C and N in this ecosystem. This is confusing, and here I further
miss that the authors reflect on their studied ecosystems — the “Helichrysum” ecosystem is
a sub-alpine system — where I would guess that temperature play a strong role, not only in
C and N turnover processes, but also in biomass production. Thus, I ask the authors to be
consistent in their explanation — and please give an estimate of the biomass production in
the ecosystems, so that the reader gets a better picture of the production across the
ecosystems.

Fig S1 shows that the Helichrysum is the only ecosystem where decomposition
potential is higher than production. We agree with the reviewer that the limited
productivity shown by this ecosystem is strongly influenced by its low temperature.
We have amended the text describing general soil characteristics to incorporate such



fact and now reads: “The low temperatures and sandy nature of the Helichrysum sites
play a strong role in their characteristically low productivity and moderate
decomposition potentials (Table 1; Fig. S1), which unquestionably affects the
comparatively low soil C and N contents of these alpine systems’.

The above discussion is specifically about soil C and N contents in Helichrysum sites.
However, the lignin explanation focuses on 8"C values and connects to the previous
point (3) raised by the reviewer. The MS text reads: “Further variations in soil o C
values could also be related to the biochemical composition of the precursor biomass.
For instance, herbaceous vegetation is pervasive at high elevations, and contains
relatively low amounts of lignin — an organic compound characteristically depleted in
BC (Benner et al., 1987). This may contribute to explain the higher 8"C values
observed in plant and soil materials in alpine ecosystems dominated by Helichrysum
vegetation, compared to forest ecosystems at lower elevations (Fig. 2)”.

(5) Table 1 give some basic information regarding the ecosystems. Among other the
organic C content, which for the forest ecosystems are at 20-40%. This is quite high. Please
clearly specify whether you sampled the O-layer or the upper mineral layer of those soils?

We sampled the upper mineral layer of the soils.
Specific comments:

- Title: I would say it is not tropical ecosystems all the way up Kilimanjaro, therefore I
think you should consider removing “tropical” from the title.

Revised as suggested.

- In 2.1. Study sites, please include information regarding variables that can affect the C
and N signatures. That could be input of N via biological N2 fixation or animal manure (or
other fertilizer) and it could be C via biomass production. For example, was the
agroforestry based on N2-fixing trees?

Connected to our response to the first comment, and notwithstanding the obvious
practical limitations of a study of such scope and nature, we have now included
relevant information on potential ecosystem productivity and decomposition.
Moreover, admitting the challenge in providing accurate numbers on mineral
fertilizer and pesticide inputs, we have clearly tagged in the text those sites that
receive any. These are the two monocultures: Maize (Mai) fields and Coffee (Cof)
plantations, and to a lesser extent the homegardens (Hom) sites. Extensively managed
sites (i.e. Sav and Gra) receive varying amounts of organic inputs from grazing
animals, but again, the actual rates are unknown.

The traditional agroforestry systems (Hom) maintain a forest-like structure consisting
of indigenous forest species that includes Albizia schimperi, a tree that may potentially
fix atmospheric N. This is one of the 5 most abundant species in 2 and 4 of the Hom
and Cof sites respectively, making up less than 25% of the vegetation cover in all
cases.

- In 2.2. Sampling and Analyses. Please make a statement on whether root fragments were
visible in the sieved soil. And please in the discussion reflect upon whether unrecovered



root material could have affected the soil isotopic signatures (e.g. by using the enrichment
of leaves as a proxy for the enrichment of unrecovered roots).

We have added a specific statement in M&M that reads: “Soil was sieved to 2 mm
with visible root fragments being further removed prior to grinding” . Furthermore,
following the reviewer’ s advice we have estimated the effect that the removal of
visible sieved roots might have caused on soil isotopic values. We re-calculated soil
isotope values by mass balance making the following assumptions. In addition to
taking leaf isotope values as a proxy for roots as suggested by the reviewer, a non-
conservative assumption was made about average root mass (< 2 mm) being ~5% of
the total mass in the sample (w/w). This is above double the maximum value observed
by Saiz et al (2012) for roots > 2mm contained in soil samples collected from
contrasting tropical ecosystems.

Re-calculated soil 5"°C and 6"°N values under the assumptions referred above were on
average 0.15 and 0.17%. higher than the original soil isotopic values, which are even
lower than the analytical error (0.2 %o). We have added a specific mention to this in
the discussion.

Saiz, G., Bird, M., Domingues, T., Schrodt, F., Schwarz, M., Feldpausch, T.,
Veenendaal, E., Djagbletey, G., Hien, F., Compaore, H., Diallo, A., Lloyd, J.:
Variation in soil carbon stocks and their determinants across a precipitation gradient
in West Africa. Global Change Biology 18, 1670-1683. doi:10.1111/j.1365-
2486.2012.02657.x, 2012.

- Line 218-219. Please remove this sentence — it is not justified by the figure — there is too
much clustering.

We have deleted this sentence.

- Figures and Table: Please keep the same order of the ecosystems all through, and if
possible please add the abbreviations for the ecosystems to the legend inside the figure in
Figure 1. Also please consider identifying the C3 and C4 dominate ecosystem when
presenting 13C natural abundance data.

We have revised the order of appearance of sites. We have modified Table 1 making
sure that all sites appear in the same order both in Figures and Tables. We have we

have also included sites’ abbreviations in Fig. 1 legend.

- Figure 5: I don’t think I understand what I can learn from this figure. Please explain better
or delete it.

We have now improved the discussion on this figure (now Fig. 6) in section 4.3.



