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Interactive comment on “Net primary productivity, allocation pattern and carbon use 

efficiency in an apple orchard assessed by integrating eddy-covariance, biometric and 

continuous soil chamber measurements” by D. Zanotelli et al. 

 

We wish to thank the reviewers for their helpful and constructive comments. We believe that 

they contributed significantly to improve the manuscript and we hope our replies will satisfy 

their expectations. Our detailed responses are reported after each comment (in Italic).  

Response to Anonymous Referee #1 

The manuscript presents a new data set about carbon allocation within an apple orchard and the 

total carbon balance of this ecosystem. The authors compare their results with typical values from 

deciduous forest ecosystems at similar latitude and they provide a detailed discussion about the 

various similarities and discrepancies between the carbon fluxes in these two ecosystem types and 

about possible control mechanisms. 

The paper is well written, the data seem to be of high quality and most of the data analysis was 

apparently carried out thoroughly. 

Despite being only a case study with one year of data, two novel aspects make this work interesting 

and valuable. Firstly, woody agro-ecosystems with their specific carbon allocation patterns are 

getting increasingly important in terms of land use change but are still underrepresented in carbon 

flux studies, and secondly, the authors provide a thorough and exemplary uncertainty analysis of 

the resulting carbon budgets on the basis of several completely independent measurement methods, 

which are only available at very few research sites. In my view, these new aspects justify the 

publication of the manuscript in BG, provided a couple of minor changes and clarifications will be 

made by the authors. 

I suggest making the following changes. 

We wish to thank the referee for the positive evaluation of the manuscript. We appreciated 

the overall analysis of the manuscript as well as the punctual comments which have been 

pointed out. They helped us to clarify and correct relevant aspects that we did not 

sufficiently considered in the original version of the text. We hope our answers will produce 

the level of detail required for a better and univocal understanding of the paper. 
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P. 14092, L. 2: Please define CUE. 

Following this indication, we defined CUE in the abstract as the ratio of net primary 

production (NPP) over gross primary production (GPP). 

 

P. 14093, L. 20-27 and P. 14094, L. 21-22: It will make things easier for the reader if some 

equations are provided that clearly define the linkage between NPP, GPP, NEP, CUE, Rh and Ra. 

We agree. Thus, according to this indication, we changed the text with the following 

sentences:  

‘Estimates of GPP are increasingly robust, both if derived from flux networks (Beer et al., 

2010) or satellite observations (Peng et al., 2013), while reliable climatic and biological 

predictors of net ecosystem productivity (NEP) are still unavailable at the global scale. 

Given the relevance of CUE estimates and the paucity of existing reliable values for 

different ecosystem types and climates, we addressed as a main question in this study if 

current methodologies used to quantify C stocks and fluxes can be combined to robustly 

quantify the CUE in an apple orchard chosen as a simple model ecosystem.  

Increasing our knowledge on the magnitude and spatial distribution of CUE and 

heterotrophic respiration (Rh) could allow for a better linkage of the GPP estimates with 

those of Net Primary Production (NPP = GPP - Ra) and those of NEP (NEP = NPP - Rh).  

In fact, CUE is the ratio between NPP and GPP  

NPPCUE
GPP

=        (1) 

and can be related to all the different ecosystem C cycle components as following: 

a hNPP GPP R NEP R= − = +     (2) 

 Ra ecoGPP NPP R NEP= + = +     (3) 

 

P. 14095, L. 13: You might add that LAI was calculated from leaf litter collection (if I interpreted 

this correctly?) and explain whether it refers to the tree canopy only or whether the grass in the 

alleys was considered as well. The very low value reported here (only 40% of the average forest 
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LAI according to Table 8) would be relevant for the interpretation of any differences in GPP 

between the orchard and a forest. 

The leaf area index (LAI) was calculated destructively on living tissues, as following: LAI= 

total number of leaves × mean leaf area. The number of leaves was assessed monthly by 

direct counting on selected branches (9 branches on 6 trees, 48 in total), and then upscaled 

based on the total leaf counting done in April; the mean leaf area was determined by 

measuring the leaf surface on other 9 branches, collected at three different heights above 

ground, and taken to laboratory and measured (by LI-3000 + LI-3050) in the same day. The 

obtained leaf surface of each tree was referred to surface unit (m2) considering that each tree 

occupied a surface of 3 m2. Our LAI estimate takes into account only the tree leaf area and 

not the contribution of the grassed alley. We changed the text accordingly. 

 

P. 14097, L. 8-9: Please add the tube length. This can be relevant when you don’t apply low pass 

filtering corrections (line 17). 

We agree. We added the information about the tube length (12 m) and changed text as 

following: 

“The Eddysoft software uses the algorithm proposed by Eugster and Senn (1995) to correct 

for the underestimation of covariance signal due to damping of high frequency fluctuation of 

CO2 concentration. The high-frequency loss was estimated comparing the cospectra of the 

virtual heat flux, that we assume free of high frequency damping, with the cospectra of the 

turbulent CO2 flux”.  

 

P. 14097, L. 10: Please replace “Nueberger” with “Neuberger”. 

Done. 

 

P. 14098, L. 21-22: The cited “Law et al. 2008” document is apparently not accessible at the FAO 

website for “normal” readers. Are there any journal papers that could serve as a reference for this 

method? It is not clear to me whether all the methodological details given on the following two 

pages were actually developed by Law et al. or by the authors themselves, and it is important that 

the readers can check this! 
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The guidelines described by Law and colleagues (2009, and the effective publication instead 

of the URL address is reported in the text) led us to set up a correct field plot design and 

helped us to be aware of all the relevant elements of the ecosystem that needed to be 

monitored biometrically. That protocol is optimized for forest sites and it is intended for 

annual measurements, so we adapted their prescription to meet the needs for our orchard, 

and the desired sampling frequency as follow: 

• Woody biomass (woodAG and woodBG) was estimated via allometric equation using the 

diameter  measured at 10 cm above the grafting point instead of using the suggested 

DBH (diameter at breast height), that would have been too small, or the basal diameter, 

that in our case coincides with the anomalous trunk swelling due to the graft. 

• Leaf biomass (and LAI) was not measured with optical instrument as suggested by Law 

et al. (2009), but we implemented a new protocol as described in a previous comment (P. 

14095, L. 13).  

• Fruit biomass, which is not considered in the protocol by Law et al. (2009) was 

estimated using the same procedure adopted for the leaves, thus counting once a month 

the presence of fruits on selected branches and then determining the mean fruit weight 

from the fruits present on the randomly collected branches. 

• The total fine roots biomass was obtained by coring and spatial interpolation, while their 

production was obtained by image analysis from minirhizotrones. 

• For the understory biomass we substantially followed Law et al. (2009) prescriptions.  

 

P. 14099, L. 6-7: What do you mean by “beside their relevance”? How do you know how relevant 

they are without measuring them? 

The knowledge of their possible relevance is deduced from the literature. The following 

reference was added to the text:  

“Cannell and Dewar, 1994”. 

 

P. 14102, L. 16: Why did you choose the linear regression to derive the CO2 flux? Is the saturation 

type function, which the LI-8100 software also provides, not more accurate to derive the initial 

slope? 
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Our choice of using linear regression, instead of the exponential one, was done to facilitate 

the reproducibility of the experiment and was based on the fact that, in nearly all the papers 

published until now, the computation of soil respiration fluxes was performed similarly, i.e. 

maximizing the correlation coefficient of the linear interpolation of time evolution of CO2 

concentration inside the chamber. Some instrument softwares, like that of EGM4, PPsystem, 

Amesbury, MA (USA), provides only linearly interpolated flux values, so comparison 

would be difficult if a different interpolation algorithm would be used. 

On the other hand, LiCor technicians provide good arguments in favour of exponential 

interpolation, which probably will be the standard in a near future. To have an idea of the 

possible systematic error arising from linear Vs exponential interpolation, we calculated also 

the fluxes with the latter method. Average difference was 4.0%, with the largest differences 

found in the highest flux range, therefore in the control plots, while the difference was found 

to be lower in the trenched plots. This analysis was performed on one week of half hourly 

data collected in 2010 (from 23/07 to 30/07, n = 320) and results are reported in Table 1.  

We believe however that stressing in the text the possible systematic error induced by linear 

interpolation computation is out of scope in the current study.  
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Interactive comments Table 1. Results of Rs (control collar) and Rh (trenching collar) 

obtained using the exponential and linear fitting.  

 Operation  Rs Rh 
exp lin exp  lin 

1 Deleting observation with R2 < 0.95:         
  Number of observations below threshold 23 23 61 58 
  Observations left 297 297 259 262 
2 Average flux of the period (µmol m-2 s-1):         
  Mean 4.06 3.85 1.76 1.71 
  SD 1.93 1.75 0.66 0.65 
3 Average R2 and standard deviation of the fluxes         
  R2 0.971 0.971 0.917 0.93 
  SD 0.114 0.113 0.208 0.184 
4 Maximum and minimum value recorded (µmol m-2 s-1)         
  Max 7.48 6.85 3.12 3.02 
  Min 0.27 0.27 0.26 0.23 
5 Cumulated value emitted in the period (g C m-2)         
    26.12 24.73 10.05 9.82 
6 Correlation with temperature (van t´Hoff equation)         
  R10 2.99 ± 0.21 2.82 ± 0.19 1.37 ± 0.08 1.30 ± 0.08 
  Q10 1.38 ± 0.09 1.38 ± 0.08 1.30 ± 0.07 1.34 ± 0.07 

 

 

P. 14104, L. 1-7: Please explain how exactly you calculated total nitrogen content. Did you include 

all aboveground biomass? Most of the wood is dead tissue that should hardly respire any carbon! 

Could this be an explanation for the fact that this method overestimates the respiration rate, 

compared to the other two methods? 

We measured the dry biomass for all the different plant organs and we analysed C and N 

concentration separately in each of them (woodAG, woodBG, leaves, fruits, fine roots and 

understory). In March these components were limited to three organs (manuscript, Table 2). 

Results from the analyses performed in June and in August are reported below (Interactive 

comments Table 2). 

The use of N biomass content (instead of C or dry biomass) to upscale the measured 

belowground Ra to the Ra of the whole plant allows to better consider the contribution of the 

different organs on the base of their activity, thus giving for example more weight to fine 

roots with respect to the coarse roots on the same unit of dry biomass. For these reasons, we 
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do not believe that this may be the cause of the higher value of Ra given by this method with 

respect to methods 1 and 2 reported in Table 6 of the manuscript. 

In the case of using the C biomass or dry weight (instead of N) to upscale Ra_BG to the 

whole tree, the scaling factor would have been 3.63 ± 0.31 or 3.60 ± 0.31, respectively, 

resulting in a total Ra of 657 ± 417 or 653 ± 414 g C m-2.  
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Interactive comments Table 2. Standing biomass of the considered ecosystem components in 

three different periods of the season expressed as g m-2 of dry weight (DW), carbon (C) and 

nitrogen (N).  

  
Standing biomass (Sb, g m-2) k factor 

  
AG BG Sbtot SbBG

-1 

  
wood_AG leaves Fruits understory wood_BG fine roots 

March  
DW 1852.7 ± 177.3       419.0 ± 9.3 292.3 ± 32.3 3.60 ± 0.31 

C 840.6 ± 80.5 
  

  189.9 ± 4.2 129.7 ± 14.3 3.63 ± 0.31 
N 14.1  ± 1.3 

  
  3.3 ± 0.1 4.1 ± 0.4 2.92 ± 0.27 

June 
DW 2011.4 ± 343.4 189.5 ± 8.4 223.9 ± 41.4 33.4 ± 4.5 686.9 ± 28.3 488.8 ± 96.9 3.09 ± .41 

C 913.6 ± 156.0 86.2 ± 3.8 90.3 ± 16.7 13.7 ± 1.9       
N 16.1 ± 2.8 4.7 ± .2 0.7 ± .1 0.9 ± 0.1       

August 
DW 2160.7 ± 368.8 220.1 ± 9.7 763.9 ± 89.8 70.6 ± 5.5 696.3 ± 29.8 521.7 ± 126.4 3.64 ± 0.52 

C 979.2 ± 175.3 101.3 ± 4.5 302.7 ± 35.6 29.0 ± 2.2       
N 15.5 ± 2.8 4.8 ± 0.2 2.1 ± 0.2 2.0 ± 0.2       

 

From the table above it is possible to see that the variability of the k factor along the season 

in the case of dry weight is relatively low, because the growth of above ground organs 

(leaves, fruits and understory) is balanced by the contemporary growth of fine roots. 

 

P. 14107, L. 5: Replace “Sr” with “Rs”. 

Done. 

 

P. 14109, L. 1-2: Can these estimates somehow be confirmed by the observed root:shoot ratio of the 

standing biomass? 

We suppose that the reviewer refers to P. 14108, L. 1-2, where this comment appears to be 

more pertinent.  If we look at the root:shoot ratio of NPP, we obtain a lower value (0.17 ± 

0.03) than the root:shoot ratio of the standing biomass (0.38 ± 0.04). We believe that these 

differences can be largely explained by the large amount of fruit production and pruned 

wood which have a relatively low impact on the standing biomass.  
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P. 14110, L. 8-9: I suggest being a bit more cautious with generalisations when comparing 

orchards and forests, because the stand age is very different, according to Table 8. An 11-year old, 

planted forest might be more similar to the investigated orchard. 

Check for example the paper by Luyssaert et al. (2008) in Nature 255, 213-215, for the influence of 

stand age on forest carbon budgets. 

We agree with this comment. We therefore added the following sentence to the text: 

… smaller LAI, “since they are kept structurally similar to young forests but with a lower 

stem density (Luyssaert et al., 2008)”. 

  

P. 14113, L. 18-23: Do these studies say anything about interannual variability in fruit production 

and C allocation to fruits? Or can you provide some rough estimate of such variability through the 

land owner of your study site? It would be good to know whether we can consider the 2010 budget 

as typical. 

We provided information regarding interannual variability of fruit production in the Sect. 

2.1 (site description).  

 

P. 14114, L. 18: I agree that this is the most important discrepancy, however it might therefore 

deserve a slightly more detailed discussion, see above (calculation of LI-8100 fluxes, estimation of 

aboveground respiration). 

Mismatches between respiratory fluxes measured with different approaches are common 

(e.g. Lavigne et al., 1997). They are possibly due to selective systematic errors that easily 

occur at night by using the eddy covariance technique (Aubinet, 2008). Results obtained by 

Montagnani et al. (2009), Etzold et al. (2010) and by van Gorsel et al. (2009), suggest that 

the mismatch between fluxes measured with different approaches can be reduced at some 

sites if CO2 advection is taken into account or if only evening values of turbulent and 

storage fluxes are considered. It is not clear however to which extent these results can be 

generalized to all sites. An alternative approach to estimate the different CO2 fluxes above 

and within the ecosystem is the modelling one. Kutsch et al. (2008) obtained a realistic 

picture of ecosystem fluxes and stocks, by combining EC, chamber and biomass 

measurements. 
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Reasons for observed inconsistencies between different measurement systems include 

chamber measurement accuracy, the mismatch of flux footprint, the under-

representativeness of the points chosen for the measurements, and the modelling itself 

(Janssens et al., 2003). In classical Rs measurements, carried out by survey chambers 

measuring in single days over the year, one source of uncertainty relates to flux modelling in 

the remaining days. However, this problem is virtually removed with the continuous 

measurements, since a very small percentage of data, or no data at all, are modelled. 

A shortcoming also exists when automated chambers are used, since the opportunity for 

applying an optimal sampling strategy (Rodeghiero & Cescatti, 2008) is limited due to the 

small spatial coverage of a multiplexed soil chamber system. We don’t have necessarily to 

expect numerical congruence between Rs data, obtained from one or few automated 

chambers working continuously on a limited area, and EC measurements. In fact, the CO2 

efflux from the soil can vary largely in space and a small number of chambers can be 

representative of some specific conditions, such as gap vs. understory, but are hardly 

quantitatively representative of the broadly varying conditions existing at the ground level. 

A mismatch between the fetch of chambers and of EC sampling point can be also expected. 

From the substantial mismatch between EC and chamber measurement also obtained in this 

study, besides the apparently optimal condition for the measurements, such as the presence 

of a simplified ecosystem, and the use of quite a large number of chambers allowing nearly 

continuous measurements and various replicates, we argue that a multiple approach is 

needed to obtain quantitatively reliable values of fluxes and their ratio, which possibly 

includes modelling and cross checking among measurements. 

 

P. 14116, L. 21: It would be good to provide this information about the tree structure earlier, i.e. 

within section 2.1 (site description). 

 We better described the tree structure feature in the site description section. 

 

P. 14117, L. 8: I suggest adding the phrase “as well as management activities such as irrigation, 

fertilisation and pruning”. 

Done. 
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P. 14118, L. 2: Please add “11 year old” before “apple orchard”. 

Done. 

 

P. 14135, Table 8: You are showing large differences in net radiation between forest and orchard 

without mentioning them in the text, which is a little bit irritating. However, rather than discussing 

them, I suggest deleting those two lines from the table. Actually, I suspect that the numbers given by 

Luyssaert et al. might be wrong since they are named “radiation sums” in the original paper but 

are given in “W m-2” which is not consistent, because Watt is a rate (Joule per second) and not a 

sum. Anyway, better leave this out! 

Done. 
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Response to Anonymous Referee #2 

This MS presents a full ecosystem carbon balance for a Mediterranean apple orchard, using 

multiple methodologies, including eddy-covariance, automated soil respiration chambers and 

detailed biometric measurements. While representing only one site for one year, this study is 

commendable for its use of multiple methodologies, thoroughness of those methodologies and 

attempts to quantify uncertainties related to these measurements and their scaling to the site level 

over the entire year. The main result highlighted, a CUE of approximately 70%, is surprising when 

put in the context of managed and unmanaged ’natural’ forests, being very near the upper estimates 

made by physiological ecologists for these systems. As the authors themselves point out, this 

estimate is even above the theoretical range estimated by Amthor (2000), which leaves one 

wondering if this result is a representative value for this ecosystem or the product of some 

measurement bias. Given the lengths the authors go to answer this question, I recommend 

publication with the addition of a few minor clarifications considering the assumptions implicit in 

the approaches taken. 

The authors highlight well the factors that make this agro-ecosystem different from other forests in 

ways that may lead to a higher CUE. Indeed, the detailed partitioning of NPP from biometric 

components is likely of great interest to those studying similar systems. Representative values of 

respiration values from the literature also provide good support for the contention that the large 

NPP investment in fruits may lead to lower respiration per unit biomass than other forests. Overall, 

the authors do a very good job finding support from the literature for why this ecosystem should 

have a higher CUE than most. 

The authors provide estimates of uncertainty throughout the tables and results for most 

measurements. However, it is unclear what sources of uncertainty are included in each (other than 

the EC NEE). I would request some clarification of this in the methods and/or results. 

We wish to thank the referee for his/her comments and for the helpful suggestions. Below 

we added the answers to specific questions. 

 

For example, it seems that chamber based respiration measurements were scaled spatially in two 

ways. One is what I would term a ’horizontal’ scaling factor (about 0.8) based on the June 2010 

measurement campaign of spatial distribution of soil respiration (which suggested the automated 
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sampling area had higher respiration than average across the site). In order to construct an 

estimate of total autotrophic respiration independent of eddy-covariance measurements, the authors 

also use a ’vertical’ scaling factor based on the distribution of nitrogen in the ecosystem in March 

2010 (Eq. 6, Table 2). From my reading of the paper, it is unclear whether uncertainty in these 

correction factors are included in the estimates. 

After this comment, we computed the standard error of the “horizontal” scaling factor for 

the tree line (0.77 ± 0.06) based on the standard error of the mean of the soil respiration 

fluxes obtained during the survey campaign (n=210) and the standard error of the mean of 

the respiratory fluxes obtained contemporaneously by the multichambered system. 

We then computed the standard error of the mean nitrogen content in root biomass of the 

tree line (0.872± 0.057 g N m-2) and that of the mean N content in root biomass of the 

grassed alley (0.214± 0.005 g N m-2). They were used to assess the uncertainty in the 

Ra_BG of the grassed alley following Eq. 8 and then the total Ra_BG following Eq. 7. 

We calculated also the standard error of the “vertical” scaling factor (K = 2.92 ± 0.27) and 

we included it in the uncertainty calculation of total Ra. To compute this value we used Eq. 

8. 

During the review process we found a typing error in the Eq. 8 of the manuscript, which 

didn’t affect previous computations. We corrected it in the text as following: 

22
yx

z

SEMSEMSEM Z
X Y

  = × +   
     

 

Another point concerning these two scaling factors is that they are both based on measurements 

during one period of the growing season (June and March respectively), then used for scaling 

throughout the year. It is unclear if any attempt was made to estimate how they might vary 

seasonally. Some more detail about the methods or assumptions concerning this is crucial. Of 

particular concern is whether seasonal changes in N distribution would cause the vertical scaling 

factor (k in Eq. 6) to change throughout the year. As the effects of these scaling factors are 

multiplicative, they could generate considerable uncertainty in estimates of Ra (Table 6, number 3) 

and NPPbiom, as well as the CUE derived from them (Table 7). 

We agree that considering the seasonal variability of the “horizontal” scaling factor is 

recommendable, however this operation requires the contemporary measurements of Rs by 
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two analysers. In our case this was feasible only once in the season since the second 

instrument was borrowed us for that purpose. We tried to cover the largest possible 

temperature variability in the measurement period by performing measurements in summer 

during night and day. To make the reader aware about the relevance of these aspects, we 

added the following sentence in the text:  

“The limited availability of a second analyser for Rs measurements, didn’t allow us to repeat 

this parallel survey campaign in other periods of the season. We recommend this operation 

to be done, in order to take in proper account the seasonal differences in the patterns of local 

and spatial values of Rs”. 

 

As pointed out by the referee, the vertical scaling factor based on nitrogen (k = 2.92 ± 0.27) 

was assessed only in March. As it is possible to see from Table 2 in this interactive 

comment, due to the lack of N and C concentration measurements in belowground organs in 

June and August, we calculated only the seasonal variability of the dry weight (DW) 

standing biomass, finding that the seasonal variability of k based on DW was relatively 

small, ranging from 3.09 to 3.64.  

The absence of N concentration measurements in belowground organs in June and August 

didn’t allow us to consider the effect of internal cycling of this element (Millard and Grelet, 

2010). Similarly, we didn’t assess the seasonal pattern of C content in the living biomass, 

although it’s variation in much less pronounced (Akburak et al., 2012).  

Based on the data on N concentration in fine roots reported by Ceccon et al. (2011) for apple 

trees and by Akburak et al. (2012) for different tree species, we can assume that roots N 

concentration tends to increase along the growing season, thus partially compensating the 

growth, and the related N allocation, to AG organs.  

In any case, we agree with the reviewer: this point can be relevant for the extrapolation of 

belowground Ra to ecosystem Ra, so we explicitly added in the revised version of the text a 

recommendation for the need of repeated measurements of C and N in biomass organs along 

the season. 

 

Finally, it is unclear how representative 2010 is of NPP at this site. As the major component of 

NPP, it would be interesting to know how 2010 is situated to other years in terms of fruit yield. 
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The 2010 was an highly productive year. We added in the text the values of the fruit 

production for the years 2009 and 2011 in the site description section. 

 

The remaining comments are smaller details: 

(P14095, L20) Is this a typical yearly application of fertilizer? What were the fertilization dates? 

The reported value of fertilizer application is a standard rate for the organic farming protocol 

followed by the field owner. Similar quantities of fertilizer were applied also in the years 

2009 and 2011. The organic fertilizer was applied in a single date the 18th of March. This 

indication was added to the text. 

 

(P14097, L24) What % of total measurement period consisted of gaps for NEE? 

Gaps represented the 7.2% of the yearly half hours prior to the QC/QA assessment. We 

added this information in the text.  

 

(P14102, L7) I think ’multichambers’ should be ’multichambered’ 

We changed this term in the text according to this indication. 

 

(P14102, L23) What % of total measurement period consisted of gaps for Rs and Rh (averaged 

across chambers)? 

Soil respiration measurements with the automated chambers were done during the snow-free 

period, since the moving parts of the chambers are sensitive to ice formation. Until March 

measurements were performed at a single location to measure Rs. Overall, gaps represented 

the 46.2% for Rs and the 57.1% for Rh of the 17520 half hours.  

 

(P14103, L13) It would seem that these first two methods both are derived partially from EC 

measured NEE. I therefore would remove the word ’independent.’ It may also be worth noting how 

Ra and GPP are both inferred from NEE, rather than being actually measured, perhaps by a 

reference to the section on EC above. 
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We removed the word “independent” as suggested. 

 

(P14106, L10-17) In giving GPP, Reco and NEP for the different methods, keep the order 

consistent. 

Done. 

 

(P14116, L17) I think ’favorites’ should be ’favors’. 

Done. 
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Response to Anonymous Referee #3 

Zanotelli et al. present an extensive suite of measurements regarding the C-cycle of an apple 

orchard. The authors measured Net Primary Production (NPP) via monthly biometric 

measurements, derived Gross Primary Production (GPP) from one year of eddy-covariance data, 

measured soil respiration (Rsoil) using a combination of continuous autochamber measurements and 

survey measurements, and computed the carbon-use-efficiency (CUE) of the ecosystem (NPP/GPP). 

This was quite a lot of work, and I commend the authors for their thoroughness in measuring the C-

cycle of this ecosystem. I have some comments and concerns regarding the measurements of some 

particular pools and fluxes (see detailed comments below), although I do not think that any of these 

concerns critically undermine the project as a whole. 

We wish to thank the Referee for the overall positive comments of the manuscript, for the 

deep analyses of the text and for the helpful suggestions. We went through the main points 

of concern highlighted hoping that the revision carried out on the text, and these answers, 

will accomplish his/her expectations. 

 

One of my concerns is that this manuscript lacks a central hypothesis or question that would serve 

to motivate the work. That is, why did the authors go to such great lengths to collect all of these 

measurements? I did not find this to be set up in a compelling way in the introduction. One 

potential remedy is to expand upon a sentence in the introduction on page 14093, line 24-27: 

“Increasing our knowledge on the magnitudes and spatial distribution of CUE and heterotrophic 

respiration (Rh) could allow for a better linkage of the GPP estimates with those of net ecosystem 

productivity (NEP), for which reliable climatic and biological predictors are still unavailable at the 

global scale.” The argument could proceed thus: (1) Satellite-derived estimates of GPP are 

increasingly robust, but (2) it is difficult to estimate NPP form these measurements, as Ra is difficult 

to quantify or model. (3) CUE may provide a method to derive NPP estimates from GPP, if robust 

CUE estimates can be obtained for many ecosystem types. (4) Can current methodologies be 

combined to robustly quantify the CUE of a simple model ecosystem? 

We appreciate this suggestion and we changed the text as reported in the answer to the 

observation  “P. 14093, L. 20-27 and P. 14094, L. 21-22” of the Referee #1.  
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Specific comments: 

Page 14094- lines 1-11, particularly line 10. These statements regarding the uncertainties of C 

biogeochemistry in woody agro-ecosystem would benefit from a quantitative description of the 

importance of this ecosystem type (i.e., woody agro-ecosystems make up X% of the global cultivated 

land area, or Y% of the land area of a particular region, or may contribute up to Z% of NPP in a 

particular region). Alternatively, the authors could choose to avoid discussing the importance of 

woody agroecosystems in the manner, and instead present their apple orchard as a simple model 

ecosystem. 

We agree with this comment and added the following reference to the text: 

“The crop class considered is globally relevant, being cultivated worldwide over 4.75 

million hectares (FAOSTAT, 2010)”. 

 

Page 14097- line 25. Of the entire eddy-covariance time-series, what percentage was gap-filled? 

Generally, please note that I am not expert in the eddy-covariance technique, and I will assume that 

the measurement details were appropriate and correct. 

The NEE missing data were the 7.2% of the total 17520 half hourly values prior to QC/QA 

assessment. This information was added to the text. 

 

Page 14098- lines 26-28. I agree that it is reasonable to neglect VOCs, non-CO2-C emissions, and 

root exudates from the NPP estimate, as these components tend to be very small and difficult to 

measure. However, I think it would be useful to cite some other studies where the authors have 

made the same decisions. 

To our knowledge, reliable data on the contribution of VOCs and non CO2-C emissions to 

NPP in apple orchards are unavailable, while an estimate of root exudates of young apple 

trees growing in different soils, is reported by Scandellari et al. (2007). To give an idea 

about the role of this components on total NPP, in addition to Scandellari et al. ( 2007), we 

added to the text a reference to an estimate of root exudates proposed by Malhi et al. (2011) 

for tropical forests, and we gave references to two works on VOCs, from which it appears 



19 

 

that their contribution to NPP is negligible, even in tropical forests, where they are supposed 

to be produced at the highest rate (Arneth et al., 2011; Malhi et al., 2009). 

 

 

Page 14099- equation 1. I find this equation confusing for a number of reasons. The authors have 

just defined NPP to be the sum of six components (leaves, fruits, aboveground wood, belowground 

wood, fine roots, and understory); this contradicts equation 1, which calculates NPP as the 

aboveground biomass increment plus litterfall. Also, I do not think the notation of ΔNPP is 

appropriate, as this indicates would indicate the change in NPP. I would suggest removing 

equation 1, and simply stating that monthly NPP of each component was calculated as the total 

mass increment minus losses. 

We agree with this observation. We realized that the the notation ΔNPP, intended to 

distinguish monthly values from annual NPP, was unclear. We changed Equation 1 into: 

𝑁𝑃𝑃 = 𝐿𝑡+1 + 𝑆𝑏𝑡+1 − 𝑆𝑏𝑡    (1) 

Where L is the litter collected from the nets and Sb is the standing biomass. 

In addition, after this comment we noticed that an overall framework of the equations used 

to compute each NPP component was missing. For instance, for fine root production, it was 

not clear which equation was used. We therefore added in the text a new Eq. 2  

𝑁𝑃𝑃 = 𝑆𝑏𝑡+1 − 𝑆𝑏𝑡       (2) 

where the litter is not considered, and we indicated for all the NPP components whether they 

were computed following Eq. 1 or Eq. 2. 

 

Page 14101- line 25-27. Please clarify why this assumption was necessary, and indicate any 

support for this assumption. More generally for NPPfr- I am unable to determine how the described 

measurements were actually used to calculate NPPfr. An equation specifying how NPPfr was 

calculated would be helpful. The minirhizotron measurements were described as “periodic”, which 

is not particularly informative. Were these measurements taken monthly as per the aboveground 

measures? Was the production of new fine roots separated from fine root mortality using the 

minirhizotrons, or did the authors just quantify the amount of roots present in the images? This is 

important, because fine root mortality and production often occur at the same time, and thus it is 

quite possible to have substantial NPPfr without much change in the pool size of fine roots. It is 
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relatively common to use minirhizotrons to document the growth increment of new fine root length, 

and then to calculate the mass of roots produced using measurements of specific root length 

obtained from soil coring campaigns (Pritchard et al. 2008), but the authors have chosen a 

different approach. Can the authors cite other papers that have used a similar approach? 

Minirhizotron images were taken with the same frequency of the other biometric samplings, 

although not necessarily in the same days. 

The image analysis process was done as following: all the roots appearing at the beginning 

of the season (March 2010) were tracked and related to the root biomass obtained from the 

soil coring campaign. In the following images, the new formed white roots were tracked and 

added to the previously determined ones. In this way the dead roots, that were disappeared 

or undistinguishable in the images from the suberized ones, were considered as being still 

part of standing biomass (Sb). The amount of yearly root litter production was estimated 

assuming a constant ratio between plant organs from one year to the next.  

Since our main goal was to quantify NPP, and our image analysis software (WinRHIZO 

software, Regent Instruments, Canada) allows to track newly formed roots in addition to 

older ones which track remains in the image, we computed the root growth according to the 

new Eq. 2. 

The only new assumption that was done in this study is about the constancy of the root to 

shoot ratio from one year to the next, and about the constancy of the ratio between large and 

fine roots, which was used to quantify the portion of roots feeding the detritus cycle on a 

yearly basis. 

 

Page 14102- lines 8-9. There are two problematic issues related to using a trenching approach to 

separate Rsoil into Rhet and Rauto components. (1) Trenching often creates a pulse of decomposing 

fine roots, which must be accounted for in the calculation of Rhet and Rauto. That is, trenching may 

artifactually increase the observed soil CO2 efflux in trenched plots. (2) In many ecosystems, soil 

heterotrophic activity is supported by new live-root-C inputs to soils, such that trenching can 

artifactually decrease the observed soil CO2 in trenched plots, as well as substantially change soil 

exo-enzyme activities and microbial community composition. There is substantial literature on this 

subject (as a start, see Hanson et al. 2000, Diaz-Pines et al. 2010, Comstedt et al. 2011, Drake et 

al. 2012). At the very least, I suggest that the authors acknowledge these issues and indicate if they 

have any justification for ignoring them. It would appear that these issues may apply in this 
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ecosystem, as the measurements of soil CO2 efflux in the trenched plots did exceed the 

measurements in intact plots in some instances (Fig 2, Sept and Nov in particular). Later note- the 

authors address some of these issues in the discussion section on page 14110. It would be useful to 

mention these issues in the methods, where the trenching is described. I don’t follow the authors’ 

argument for why they did not address the pulse of root litter following trenching. Page 14110 line 

22: “We avoided accounting for the “priming effect” due to an excess of decomposable matter 

(Kuzyakov et al., 2000) starting the measurements approximately 10 months after the trenching 

plots were set.” The length of time one must wait for the pulse of root litter to decompose depends 

critically on the decomposition rate of these roots. Please note that these uncertainties regarding 

Rh affect the derived variable NPPflux. 

As mentioned, we discussed the possible problems due to the trenching technique in section 

4.1. Root decomposition can be modeled according to exponential [ X=e-kt ] or asymptotic 

models [X=A+(1-A)e-kt] as reported by Hobbie et al. (2010), where X is the proportion of 

initial biomass remaining at time t. It means that a progressively reduced part of excised 

roots are still present in the trenched plot for some time, and this portion of decaying matter 

is necessarily part of the trenched plot. Based on available literature, where the effect of the 

increased fresh decomposable matter due to root excision on soil respiration was considered 

negligible after four (Fahey et al., 1988) or nine months (Bowden et al., 1993), we 

considered ten months an adequate period of time before the beginning of the 

measurements. 

 

Page 14103- line 9. I am surprised that the authors chose to relate Rsoil measurements to air 

temperature, rather than soil temperature. 

The use of air T vs. soil T is discussed in Mahecha et al. (2010 and 2011). The goodness of 

the relationships between soil CO2 efflux and soil temperature decreases with the depth of 

the soil T measurement (Subke et al., 2003; Pavelka et al., 2010). Using soil T (at -10 cm) 

instead of air T in our dataset did not increase the coefficient of correlation with Rsoil. It is 

therefore unlikely that significant improvements in term of modeling efficiency would have 

been obtained by using soil T instead of air T. Air temperature was preferred to soil T also 

because it was measured without gaps throughout the season, differently from soil T.   
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Page 14103. The second and third methods of estimating Ra are not independent, as the authors 

suggest. Both methods rely on soil CO2 efflux measurements within the trenched plots, which the 

authors call Rh. 

We agree with this comment and removed the term “independent” from the text. 

 

Page 14106- line 2. The word “allocation” has a special meaning in C cycle science, and non-

standard use of this term has been the source of some confusion in the literature (see detailed 

discussion in Litton et al. 2007). Litton et al. stressed: “The commonly used phrase ‘biomass 

allocation’ refers to the distribution of biomass in different components (e.g. root : shoot). 

However, the use of the term ‘allocation’ for such descriptors should be avoided, as it is ambiguous 

and misleading” (page 2091). As the authors are reporting values for the relative distribution of 

tree biomass C, I suggest the authors use the terms “relative distribution of tree biomass C” and 

avoid the term “allocation” here. 

Done. 

 

Page 14106- around line 8. The usage of the term “decade” here was unfamiliar to me. 

We changed decade into: “ten days”. 

 

Page 14109- line 25. The estimates of CUE are not actually independent, as stated by the authors. 

In Table 7, the authors present two estimates of NPP (NPPbiom and NPPflux) and two estimate of 

GPP (GPPEC and GPPBS), and they calculate CUE based on all possible combinations. The first 

two combinations, for example, are NPPbiom/GPPEC and NPPflux/GPPEC; these terms are not 

independent, as they both rely on GPPEC. Furthermore and more importantly, the NPPbiom and the 

GPPBS are inherently autocorrelated, as NPPbiom is one of the two terms used in the calculations for 

GPPBS (see page 14104, line 18). When I look at Table 7, I conclude that the inherent relationships 

between these variables has constrained the calculated CUE estimates. This is a common theme in 

CUE research (e.g., see DeLucia et al. 2007, Litton et al. 2007), particularly given that GPP is 

often quantified as the sum of NPP and Ra, which creates an autocorrelation between NPP and 

GPP. I think the authors should highlight their best estimate of CUE, which I think is 

NPPbiom/GPPEC, as these two terms are truly independent and quantified quite well. In fact, I 
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commend the authors for their hard work in deriving this estimate. I think the NPPflux and GPPBS 

estimates are less useful, as NPPflux is highly derived and subject to assumptions about the 

measurement of Rh using the trenching approach, and GPPBS is autocorrelated with NPPbiom and 

subject to the uncertainties regarding estimating Ra based on tissue N content. This comment also 

applies to Figure 8. 

We agree with this comment stating the non-independency of the methods and, as already 

mentioned, we changed the text accordingly. In our view, however, the four estimates that 

we provide can better constrain advantages and disadvantages present in each estimate. It is 

necessary to consider that GPPEC is computed according to a footprint which is not strictly 

limited to the plots where biometric sampling were carried out to compute NPPbiom. See also 

the notes to P. 14114, L. 18 of Referee #1. We believe that the multi-source estimate of CUE 

that we present is more robust that any single estimate.  

 

Page 14116. As discussed, the CUE estimate for this apple orchard of ~0.7 is relatively high 

compared to the literature on forests (DeLucia et al., 2007). I appreciate that the authors framed 

the discussion of this difference to focus on the high rate of fruit production in the apple orchard 

relative to forests. These fruits are full of sugars that the trees could have otherwise used to fuel the 

production of biomass components such as wood; this would have resulted in additional Ra to meet 

the construction costs of biomass production. This was nicely addressed by considering the 

construction costs of the different tissue types. I would consider highlighting this as part of the main 

conclusions at the end of the manuscript. 

We added the consideration about the presence of simple sugars in the fruits in the 

conclusion section. 

 

Figure 3. I believe this figure is meant to demonstrate that the Rsoil estimates derived from the 

continuous autochamber measurements have a higher mean flux rate when compared to the apple 

orchard as a whole, because the automated measurements were only taken within a tree row, which 

has higher rates of Rsoil relative to the space between tree rows. However, I find it difficult to 

easily derive this conclusion from Fig. 3, because it’s not clear how to compare the data in Fig. 3a 

to the survey data in Fig. 3b. That is, should the reader compare the continuous measurements to 
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the survey measurements in plot A? A more informative legend or a description of the survey plot 

locations in the methods would be useful. 

We modified the legend of figure 3 in order to clarify the meaning of the comparison 

proposed by the figure. 

 

Table 2. Could you add total soil C and N components here? These values are quoted in the text on 

page 14105, line 21. 

We added this information in the table as requested. 
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