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### 
RC1: 'Comment on egusphere-2026-682', S. Joseph Wright, 23 Mar 2026 
 

The authors evaluated the impact of combined nitrogen and phosphorus addition (+NP) for soil N and 
P concentrations, foliar N and P concentrations, photosynthetic potentials, overstory leaf area index 

(LAI), and stem diameter, stem volume, and height growth for saplings of four tree species. The 
experiment took place in an old-growth tropical rain forest in French Guiana. The +NP treatment was 
maintained for eight years and increased overstory LAI and sapling height growth. These are important 

results that will be of particular interest for readers concerned with nutrient limitation and tropical 
forests. 
 

I have one important suggestion, one problem with the presentation of statistical analyses that really 
must be fixed, one problem with the emphasis placed on topographic position, and several moderately 

important and minor suggestions. 
Response: We thank Dr. Wright very much for his positive feedback and constructive suggestions.  
 

My most important suggestion concerns the growth analyses. Stem diameter, stem volume, and height 
do not grow independently. All three are allometrically related. Consider the immediate implication. If 
+NP increased height growth but not stem diameter growth, then +NP also changed the allometric 

relationship between stem diameter and height. I believe the authors should recast their growth 
analysis in an allometric framework. Stem volume should be dropped entirely because the authors 

calculate stem volume from stem diameter and height. 
Response: We thank Dr. Wright for this valuable comment. We agree with Reviewer #1 and have 
decided to remove the volume variable (and remade Figures 7 and 8, but this time for diameter). To 

study the changes in allometry, we carried out the following steps: 
 

1) We fitted a linear regression to the 2016 values, with height on the y-axis and diameter on the x-
axis. This gave us a functional equation of the form y = ax + b for each species.  
 

2) We then substituted the diameter measured in 2024 into the previously derived equations. The 
resulting height was the expected height if the allometry had not changed.  
 

3) We then subtracted the expected height from the measured height in 2024. This difference 
represents the anomaly in allometry relative to pre-treatment conditions. 

 
4) Finally, we tested whether the anomalies in the NP-fertilised saplings differed statistically from those 
in the control saplings. 

 
On average, the anomalies for the fertilised saplings were 25.3 cm greater than those for the 
unfertilised saplings (p < 0.0001; see Fig. 1), and this applied to all four species. The interaction 



between species and treatment was not significant. Figure 2 shows that, for each species, the 
regression line for the NP-fertilised saplings in 2024 lies above the regression line for the control 

saplings in 2024 (and above the measurements made in 2016). This difference is statistically significant: 
the stems of the fertilised saplings were on average 26.8 cm taller than those in the control plots (p < 

0.0001). 
 

 
Figure 1: Allometric anomalies are compared between NP-fertilised and control saplings of each 
species. The box is formed by the lower and upper quartiles; the horizontal line within the box indicates 

the median. Vertical lines represent fences, which are determined by points in the dataset that fall 
within 1.5 times the interquartile distance above and below the box. Observations that fall outside the 

fences are represented by circles. The number of saplings used is indicated above each box plot.  
 



 



Figure 2: For each species, stem height is plotted against stem diameter. The different regression lines 
show the year in which the measurements were taken. For 2024, there is a distinction between 

fertilised and control saplings. 
 

Also, the authors really must describe their statistical analyses and present the results of those 
analyses in standard fashion. Section 2.5 describes the statistical analyses and devotes just one 
sentence to this crucial description. That one sentence states: “The main statistical model was an 

ANCOVA model, with treatment, species, topography and overstorey LAI as key explanatory variables 
(sometimes ANOVA, when overstorey LAI had no statistically significant effect).” That is not 
acceptable. For example, the reader is never told whether the authors evaluated interactions among 

their “key explanatory variables” (see Figure 5 for an interaction that might be significant). The full 
results of ANCOVA models are never presented. Appendices E, F and G present ANCOVA model results 

but in a non-standard and uninformative format. The presentation of all statistical analyses and results 
must be improved. 
Response: That is absolutely right; thank you for pointing that out. Below you can find a more detailed 

description of section 2.5 on the statistics for the adjusted models. 
 

“We analysed foliar nutrient concentrations (N and P), photosynthetic capacity, relative diameter 
increment, relative height increment, SLA, total leaf area and ratio total leaf area/wood volume  
variables using linear mixed-effects models corresponding to an ANCOVA framework. Fertilisation 

treatment, overstorey leaf area index (LAI), and species identity were included as fixed effects, along 
with their interactions. Topographic position (lowland, plateau, uphill) was included as a fixed blocking 
factor to account for environmental heterogeneity, as treatments were not replicated within 

topographic positions. Plot identity was included as a random effect to account for the non-
independence of saplings within plots. Interactions and explanatory variables that were not 

statistically significant were removed in each case to simplify the models. This is discussed in more 
detail for each model in the results section. 
 

We also analysed soil nutrient concentrations (N, P and C) and overstorey LAI variables, using linear 
mixed-effects models corresponding to an ANOVA framework. Fertilisation treatment was included as 
the only fixed effect here, topographic position was included as a fixed blocking factor and plot identity 

was included as a random effect. 
 

Finally, we also analysed changes in the allometric relation between stem height and stem diameter. 
In order to do so, we looked at stem height measured in 2016 as a first variable and we used a linear 
mixed-effects model corresponding to an ANCOVA framework for this purpose. Stem diameter 

measured in 2016 and species identity were included as fixed effects, along with their interactions to 
test for species-specific responses to stem diameter. Topographic position was included as a fixed 

blocking factor to account. However, both the interaction (F3,116 = 1.0862, p = 0.3588) as the blocking 
factor (F2,116 = 0.9264, p = 0.4861) were not statistically significant and were removed to simplify the 
model. Plot identity was included as a random effect to account for the non-independence of saplings 

within plots. We also looked at stem height measured in 2024 as a variable and used a linear mixed-
effects model corresponding to an ANCOVA framework. Here fertilisation, stem diameter measured in 
2024 and species identity were included as fixed effects, along with their interactions.  Topographic 

position was included as a fixed blocking factor to account. However, the interaction between stem 
diameter and species was not significant (F3,115 = 0.7952, p = 0.4992), as well as the interaction between 

stem diameter and treatment (F1,115 = 0.7119, p = 0.4006) and the interaction between treatment and 
species (F3,115 = 0.7525, p = 0.5232). Also, the blocking factor topography was not statistically significant 
(F2,115 = 0.7764, p = 0.4625) and was removed together with all the interactions, to simplify the model.  

Plot identity was included as a random effect to account for the non-independence of saplings within 
plots. To analyse the height anomaly as a last variable, we used a linear mixed-effects model 
corresponding to an ANOVA framework for this purpose. Fertilisation treatment and species identity 



were included as fixed effects, along with their interaction. Topographic position was included as a 
fixed blocking factor to account. However, both the interaction (F3,116 = 1.0679, p = 0.3658) as the 

blocking factor (F2,116 = 1.2095, p = 0.3022) were not statistically significant and were removed to 
simplify the model. Plot identity was included as a random effect to account for the non-independence 

of saplings within plots.” 
 
 

The full results of linear mixed-effects models are presented below: 
 
Table 1: Output from the statistical model for soil P concentrations. 

 
 

Table 2: Output from the statistical model for soil N concentrations. 

 
 

Table 3: Output from the statistical model for soil C concentrations. 

 
 
Table 4: Output from the statistical model for foliar P concentrations. 

 
 



Table 5: Output from the statistical model for foliar N concentrations. 

 
 

Table 6: Output from the statistical model for overstorey LAI. 

 
 
Table 7: Output from the statistical model for Asat. 

 
 

Table 8: Output from the statistical model for relative diameter increment. 

 
 
 
 



Table 9: Output from the statistical model for relative height increment. 

 
 

Table 10: Output from the statistical model for the allometry between stem height and stem diameter, 
measured in 2016. 

 
 
Table 11: Output from the statistical model for the allometry between stem height and stem diameter, 
measured in 2024. 

 
 
Table 12: Output from the statistical model for the allometry anomaly. 

 
 
 

 
 

 



Table 13: Output from the statistical model for the SLA. 

 
 
Table 14: Output from the statistical model for the total leaf area. 

 
 
Table 15: Output from the statistical model for the ratio total leaf area / wood volume. 

 
 

 
I believe the authors place too much emphasis on topographic position. There is just one control plot 

and just one +NP plot in each of three topographic positions. Treatments are not replicated within 
topographic positions! This is important. Lacking replication within topographic positions, the 
experiment cannot convincingly demonstrate effects of topographic position. Rather, I believe the 

authors should treat their experimental design as a blocked design with respect to topographic 
position. The question becomes whether experimental results are consistent across topography and 

NOT whether experimental results are stronger in one topographic position than another.  
Response: Yes, you are right; thank you very much for reminding us of this. We have amended our 
models accordingly. Topographic position is now included as a fixed blocking factor to account for 

environmental heterogeneity, as treatments were not replicated within topographic positions.  
Topography was therefore also excluded from interactions with other explanatory variables.  We also 
included plot identity as a random effect. For a detailed description of the statistical models, see above.  

 
Despite the adjustments made to the models, the results remain the same. There are minor changes 

here and there for a particular species or topography, but the main results remain unchanged. This 
means that all p-values and some figures will need to be adjusted slightly, but the discussion and 
conclusion will remain largely unchanged. 

 



Three moderately important suggestions follow: 
 

Line 249-250: The authors wrote “The increment was then calculated by subtracting the 2016 
measurements from the 2024 measurements.” The increment refers to a sapling diameter. Diameter 

growth (or increment) depends strongly on initial diameter. If the authors decide to stick with a 
separate analysis of stem diameter, then the authors should consider an analysis that uses initial 
diameter as a covariate. 

Response: We thank Dr. Wright for raising this relevant point. We will take the initial height and 
diameter of the stem into account. Instead of using the absolute difference between the measured 
diameters and heights in 2016 and 2024, we will now use the relative difference.  

 
For the diameter increase: (diameter in 2024 – diameter in 2016) / diameter in 2016 

For a height increase: (height in 2024 – height in 2016) / height in 2016. 
 
The format of Figure 3 (and similar figures) is ineffective. The black edges cannot be seen on many 

plotting symbols, and the journal will not publish a figure in this large format. The format of Figure 2 is 
effective and might be adopted for Figure 3. 

Response: We agree that Figures 3, 6, 8 and 9 are unclear. 
Figure 3 is replaced with box plots comparing the fertilised saplings and the unfertilised saplings for 
each of the four sapling species and for both foliar P and foliar N concentration. For the relative change 

in foliar nutrient concentrations and for the other three figures, topography is removed as a symbol,  
as it is less important. The symbols (a circle for control and a triangle for NP-fertilised saplings) are 
used to indicate fertilisation. 

 
Instead of Figure 3, the following three figures were produced: 

 

 



Figure 3: Foliar P concentrations are compared between NP-fertilised and control saplings of each 
species. The box is formed by the lower and upper quartiles; the horizontal line within the box indicates 

the median. Vertical lines represent fences, which are determined by points in the dataset that fall 
within 1.5 times the interquartile distance above and below the box. Observations that fall outside the 

fences are represented by circles. The number of saplings used is indicated above each box plot.  

 
Figure 4: Foliar N concentrations are compared between NP-fertilised and control saplings of each 
species. The box is formed by the lower and upper quartiles; the horizontal line within the box indicates 
the median. Vertical lines represent fences, which are determined by points in the dataset that fall 

within 1.5 times the interquartile distance above and below the box. Observations that fall outside the 
fences are represented by circles. The number of saplings used is indicated above each box plot.  

 



 
Figure 5: The relative change in foliar P concentration between 2016 and 2024 is compared with the 
relative change in foliar N concentration between 2016 and 2024, each time calculated as (2024 values 

- 2016 values) / 2016 values. The blue dashed line indicates the 1:1 line. Points above the line indicate 
a stronger increase in foliar P concentration, points below the line indicate stronger increase in foliar 
N concentration between 2016 and 2024. 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 



Instead of Figure 6, the following figure was produced: 
 

 
 

Figure 5: Difference in Asat between 2016 and 2024 is plotted against overstorey LAI (measured in 
2024). The different regression lines are shown by species, for reasons of clarity this is each time shown 
for the bottom topography with control treatment only. The function formulas for all regression lines 

can be found in Table E1, in Appendix E.  
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 



Instead of Figure 8, the following figure was produced: 
 

 
Figure 7: Relative diameter increment ((2024 diameter – 2016 diameter) / 2016 diameter) is plotted 

against overstorey LAI (measured in 2024). The different regression lines are shown by species, for 
reasons of clarity this is each time shown for the bottom topography with control treatment only. The 
function formulas for all regression lines can be found in Table F1, in Appendix F. 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 



Instead of Figure 9, the following figure was produced: 
 

 
Figure 8: Relative height increment ((2024 height – 2016 height) / 2016 height) is plotted against 

overstorey LAI (measured in 2024). The different regression lines are shown by species, for reasons of 
clarity this is each time shown for the bottom topography with control treatment only. The function 
formulas for all regression lines can be found in Table G1, in Appendix G.  

 
 

 
Lines 399-400: The authors wrote “We therefore conclude that hypotheses 1 and 2 could not be 
rejected and that N and P addition increased the availability of these elements and subsequently also 

their foliar concentrations.” Statistical analyses can lead one to reject the null hypothesis. In this case, 
the null hypothesis is that soil and foliar nutrient levels did not change. The null hypothesis is rejected. 

The authors must fix this! The same problem recurs at line 448. 
Response: We agree and have reworded the sentence positively: “Hypotheses 1 and 2 can be 
accepted”, which implies a rejection of the null hypothesis (no effect/change). We have made the 

necessary changes to the text. Thank you for bringing this to our attention. 
 
Line 399-400: “We therefore conclude that hypotheses 1 and 2 can be accepted and that N and P 

addition increased the availability of these elements and subsequently also their foliar concentrations, 
at least for some species.” 

Line 448: “As such hypothesis 4 cannot be accepted.” 
 
 

 
 



Minor stuff follows. 
 

Given the study motivation presented in the first paragraph of the Introduction, the authors should 
cite Peter Hietz’ work on N deposition impacts for tropical forests (see Hietz et al 2011 Science 334: 

664-666). 
Response: Peter Hietz’ work has been cited in the text. 
 

Line 35: The authors wrote tropical forests are “absorbing about 40 billion tons of CO2 annually”. The 
value given exceeds 90% of all anthropogenic CO2 emissions. The standard inventory suggests the value 
should be about 30%, not 90% (Pan et al. 2024 Nature). 

Response: This has been corrected accordingly “absorbing about nine billion tons of CO2 annually”.  
This was calculated by adding together the values for tropical intact forests and tropical regrowth 

forests from Pan et al. (2024) and then multiplying the result by 3.66 to obtain a value for CO2 instead 
of carbon. 
 

Line 234: The authors wrote “… the stomatal ratio was set at 0.5.” What does this mean? I am familiar 
with the LI-6400 being used but have never heard of setting a “stomatal ratio”. 

Response: For the measurements with the LI-6400, we used the instruction manual “Using the LI-
6400/XT; Instruction manual for software version 6”. Step 8 under “Clamping onto the First Leaf”  (on 
page 175) states the following: 

 
“In New Measurements mode, press 3, and set the leaf area and stomatal ratio for this leaf. Leaf area 
is simply the area exposed inside the chamber. If you are using a 2 x 3 chamber and filling it, the area 

is 6 cm2. Stomatal ratio is an estimate of the ratio of stomata on one side of the leaf to the other. Use 
1 for equal stomatal density on top and bottom; 0 for stomata on only one side. If  you aren’t sure, use 

0.5. It doesn’t matter if you use the ratio of top to bottom,  or bottom to top. Thus, 0.5 is the same as 2; 
0.333 is the same as 3, etc.” 
 

LI-COR: Using the LI-6400 / LI-6400XT Version 6, 
https://licor.app.boxenterprise.net/s/s8zyqu2vwndny903qutg, last access: 5 May 2026. 
 

As the number of stomata was neither known nor counted during the 2016 measurements, a stomatal 
ratio of 0.5 was used. To enable a comparison of the results, the same settings were used in 2024 as 

in 2016, and therefore a stomatal ratio of 0.5 was used again.  
 
Lines 343-345 describe an interesting correlation. Please consider adding a scatterplot that shows the 

data to the supplementary material. 
Response: A scatter plot illustrating this relationship was already included in Appendix B. You can find 

the relevant figure here, with some recent adjustments: 
 



 
Figure B1: The difference in specific leaf area (SLA) is plotted against the overstorey LAI (measured in 
2024), with ‘NP’ the regression line for the fertilised saplings and ‘Control’ the regression line for the 

saplings growing in the control treatment.  
 
Lines 425-430: The authors should reference the meta-analysis of Ostertag and DiManno (2016. 

Detecting terrestrial nutrient limitation: a global meta-analysis of foliar nutrient concentrations after 
fertilization. Frontiers in Earth Science 4.) 
Response: Ostertag and DiManno’s work has been cited in the text. 
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