General comments

The paper evaluates the use of NIRS in forest soil phosphorus research. NIRS would make soil P
research more cost and time efficient. Up to now, NIRS has notbeen used to quantify Hedley P
fractionsin forestsoils. Hence, the paper presentsanovel and potentially useful application of NIRS.
The title reflects the contents of the paper. The authors have to conclude that only some of the
Hedley fractions could be quantified by NIRS and that datasets used for NIRS calibration have to fulfill
particular prerequisites (e.g., homogeneity of datasets). However, the description of these
prerequisites of datasetsis confusingand should be more precise.

The methods and assumptions are largely valid, but are not clearly outlined. Forexample, the
selection criteriaforthe soil sample subsets are not comprehensible. In addition, the description of
the NIRS methodis too rough. Therefore, reproduction by fellow scientists would not be possible.

The results are sufficient to support the interpretations and conclusions, but the phrasingis partly
misleading. The authors give propercredittorelated work and clearly indicate theirown
contribution. However, they should add that NIRS is frequently applied in agricultural soil P research
to quantify plant-availableP.

The overall presentation is wellstructured, but could be clearer; especially the language could be
more precise. Some sentences are nested and hard to understand. The number of references is high
(approx. 70 references) and could be reduced. However, some few references concerning the use of
NIRSin agricultural soil P research could be added.

Specificcomments

Abstract

Page 1

L 20/21 There are different modifications of the Hedley method. Therefore, the particularfractions
should be namedinthe abstract.

L 26 whatis meantwith “homogeneity of soil sample sets”?->explain

L 27 whatis meantwith “useful models”? ->explain

Page 2

L4 how similardothey have to be? In which respectsimilar? What are the most important
propertiesthat have to be similar? ->explainin more detail

Introduction

L 17 describe the hypotheses shortly

Page 2 L 28 - Page 4 L 4 this paragraphis toolongand should be subdivided, e.g., 1. Role of P
fractionsintree nutrition 2. Usefulness of NIRS

Page 3

L 9/10 to which part of the sentence does the phrase “particularly in forest soils” refer?

L 21 total Cand N contents or which fractions?

L 26 NIRSisusuallyappliedtodried and ground samples. Thus, the differentliquid and gas status of
soils should be of minorimportance.

Page 4

L 2 describe the “othersoil properties being detectable by NIRS”

L4 describe what “high quality in spectral datasets” meansin the context of NIRS (e.g., homogeneity
of soil samples (groundvs. sieved); homogeneity of the sample sets (one soil type vs. different soil
types); origin of the sample sets (regional vs. global); homogeneity of the soil sample composition
(mineral soil samples with low soil organic matter contentvs. mineral soilsamples with various
contents of soil organic matter), ...)

L 4-25 rephrase this paragraph



L 16 “prediction of Ccontentand sample sets” ->is “and” the right word here? If yes, | do not
understand the meaning of the sentence.

L 17 isn’thighvariationin chemical composition a cause of high spectral variation? Then “or”
wouldn’t be suitable here.

L 26-28 there are several studies on NIRS models for different P forms (e.g. microbial P);in
agricultural soil P research NIRS is used to quantify different P fractions

Material and methods

Page 5

L 14/15 did you selectasubset of the BZE dataset?

L 25-27 Explainyourselectioncriteria. If there were “clear correlations” between total Pand P
fractions, how could that help you to create subsets?

Page 6
L 22 and 25 volume tovolume ratio orvolume to massratio? Betterwrite 25 ml: 1 mlor2.5ml:1g

Page 7

L 5-10 this paragraph fits betterto the introduction

L 11 here, youdo not write that you used replicate soil samples, but later you write something about
replicate soil samples

L 12 please add type of resin (counterion)

L 14 please add energy level of ultrasonictreatment

L 23 write “PO,-P” or “molybdate reactive P”; what kind of photometerdid you use (continuous flow,
microplate reader, ...)? At what wavelength did you measure?

Page 8

L 3 rephrase;itis not clear fromthis sentence whetheryou summed up Pi and Po of the NaOH and S-
NaOH fractions orif you summed up Pi of the NaOH and Pi of the S-NaOH fraction as well as Po of
the NaOH and Po of the S-NaOH fraction

L 7/8 Although all acids can act as oxidants, persulfate is by fara strongeroxidantthan HCl as itis a
source of sulfate radicals. HCl is used for hydrolyticdegradation of organic matter, whereas
persulfateisa“true” oxidizing agent. Yet, forthe degradation of organicP compounds, both
treatments might be equally efficient. Please correct your statement and check the literature if
othersalsofound no organic P in conc. HCl-extracts. If itistrue that Po in 1 M HCl extractsis
negligible, why did you measure TP in HCl conc. extracts?

L9 what is meant with “satisfying”?

Page9

L 3-20 In part, this has already been mentioned in the introduction, some general remarks may be
shortened.

L6/7 O-H, C-Hand N-H are bounds and not functional groups

L 11 NIRS detectable soil properties ->describe them

L 27 why did you not testthe second or third derivative? According to Barnes et al. (1989) spectra
should be detrended to remove scatter effects. Please consider this.

Barneset al.(1989) Standard normal variate transformation and de-trending of near-infrared diffuse
reflectance spectra. Applied Spectroscopy 43

L 28 rewrite this sentence; you did not do these treatments forthe PLS

L 29-31 please give more details (size of gaps, amount of smoothing)

L 31 cross validationis used to avoid overfittingand to obtain the optimal numberof termsin the
calibration; whyisita common approach to replace the calibration step by cross validation for small
data sets? References?

Page 10



L 4-10 The criteriaforthis automated selection do not getclearfrom this.

L 11-17 move thissectionto 2.1 Soil samples; did you considerto group samples by parent material?
L 20 I didn’tunderstand the sentence before | saw the results; you do not mean the relationship
between P andsoil Cand N but the quality of the relationship

L 26-30 move thissectionto 2.1 Soil samplesand give the number of samplesin each sample set

Page 11
L9 please correct: RDP=ratio of SD to standard error of prediction

Results

Page 12

L 14ff You should always write cross-validation instead of calibration

L 16 doyou meanworse than level Dwhenyou write “produced no useful calibrations”?

Page 13

L 11-19 rephrase this paragraph, itis really hard to understand (e.g., Grouping of the Hedley fractions
into labile, moderately labile and stable P fractions did resultin good models forthe BEF-China
dataset, while only the stable fractions of the other three datasets (BZE+BEF, BZE, BZE Brown Earth)
could well be predicted with NIRS models (Fig. 5).)

L 19 useful ->best?

L 26 doyou meanthe levels defined on p 11 with “goodness of fit of calibration models”;in Fig. 7you
use the R? of the calibration model

L28 ,..were bestforthe Po fractions...“ | couldn’t find any good relationship in Fig. 7

L 26-7 (page 14) It makes nosense to correlate a R? and a Spearman rank correlation coefficient (r;).
r, is a non-parametric measure which may not simply be related to a parametric measure like R?. If
your only rationale behind this approachis totestwhether NIRS models for P fractions are a result of
C-Por N-P relationships, why don’t you simply test if your NIRS models for P fractions have a similar
predictive power forCand N as for P fractions?

Page 14
L 7 the given correlation coefficients are not forthe dataset presented in Fig. 7, but fora dataset with
some fractions removed, right?

Discussion

Page 14

L 12 you might use the data of your “random quality check” to calculate coefficients of variation for
individualfractions

L 13 reference method =Hedley fractionation?

L 25/L 26 “repeatedly analyzed” and “random quality check” -> describe in the material and methods
section how many replicationsyou did; did you repeat the analysis or the fractionation?

L 30/31 the reason for the bad NIRS models mightalsoinclude otherfactors

L 31 whatis meantwith “valid”?

Page 15

L 13 whatis “areasonable prediction”?

L 29 “total organicP” isan inadequate term forthe sum of Hedley organicP fractions, since notall
organicP is extracted during the Hedley procedure

Page 16

L 8/9 rephrase

L 13-16 Explain why global models are potentially as accurate as more local calibrations.

L 12-23 This paragraph isa bitconfusing, since you compare studies dealing with organic material
with studies dealing with soil. Due to numerous reasons (which you partly mentioned) soils are more



complex than organic material and to create “global models” forsoilsis potentially less successful.
Please ratherreferto studies dealing with soils. Forinstance, Brunet et al. (2007) also found better
predictionsfortotal Cwhen using subsets of soils compared to a “global model”.

Page 17

L 8-10 Evidence onthese questionsislimited, butthere are forinstance combined Hedley
fractions/31P NMR studies dealing with these questions. See Negassa and Leinweber (2009) JPNSS
172:305-325

L11/12 eveninsoils of comparable soil type the variationin P forms within Hedley fractions may be
high due to otherreasons like tree species ->differing litter quality, climate ->soil humidity ->soil
microorganisms

L 12 the development of NIRS models for specificsubgroups of soilsis probably more promising, but
why only create subgroups accordingto soil types and not parent material?

L 12-14 rewrite the sentence “The possible...individual dataset.”

Tables andfigures
Table 1 and 2 Dataset “all” is missing
Figure 1 Checkthe presentation of the modelled NaOH fractions? What did you combine?

Technical corrections

Page 1

L 1 Near-Infrared ->near-infrared

L 1 Phosphorus->phosphorus

L 15 P ->phosphorus (P)

L 20 Hedley method ->Hedley sequential extraction method

Page 2

L 10 Phosphorus->Phosphorus (P)

L 16 phosphorus-limitations ->phosphorus limitation

L 24 P-nutrition->P nutrition

L 25 monitoring of the ->monitoring the

L 28 rephrase “solely total P contents are often measured”

Page 3

L 4 cite the papers of Hedley

L 8 have been->hasbeen

L 10/11 Here, in contrast to agricultural soils, the slowly cycling P pool contributes ->In contrast to
agricultural soils, the slowly cycling P pool in forest soils contributes
L 14 Hedley-fractionation ->Hedley fractionation

L 16 Hedley-P fractions->Hedley P fractions

L 18 start new paragraph after “may be a promising approach.”

L21 Cor N ->carbon (C) or nitrogen (N)

L 24 bracketinbracket...

L 26 gas ->gases

L 29 of to the USDA -> of the USDA

L31 “P or” can be deleted

L 32 find a more suitable word than “subsequently” (e.g., hence)

Page 4

L 23/24 couldn’t “depending on the homogeneity respectively heterogeneity of” be replaced by
“for”; would make the sentence shorterand easierto understand

L 30 “to do so”-> could the sentences be rephrased so that “to do so” can be replaced?



Page5

L 9-13 change the order of the two sentences “From each site...” and “Including 70 sites...”
L 22 delete “aimed to” and change “select” to “selected”

L 24 add a reference

Page 6

L 1 Research->research

L8 5-10cm ->5-10 cm

L 14 delete “and”

L 15 pH-Values->pHvalues

L 16 North Western German Forest Research Institute ->Northwest German Forest Research Station
L 17 rephrase “datawas measured according to the Handbuch Forstliche Analytik”
L 18 carbon and nitrogen->C and N

L19 1150 °C?

L 21 2x carbon ->C

L 22/25 rephrase “watersolution”

L 25 derivedin->derivedin

Page 7

L 6 analysis—> analyses

L 20 with the -> after

L 23 Phosphorous->Phosphorus
L 27 dotis missing

L 29 remove the different
L 29 organically bound ->total

L 30 autoclave andthe -> autoclave. The
L31 P(Po)->P (Po)

o u

Page 8
L 19 delete the dot
L 22 Hedley Fractionation Method ->Hedley fractionation method

Page9

L 3 exited ->excited

L9 Phosphatesand other Pcompounds -> Phosphates and otherinorganicP compounds
L 14 eitherreplace the commaby a dot orfill in “but” or “instead”

Page 10
L31 set3->set3

Page 11

L 6 software ) -> software)

L 28 Phosphorus concentrations ->phosphorus contents
L 29 P concentrations->P contents

L 31 P concentration->P content

Page 12

L 8 concentrations ->contents

L 11 within->below?

L 11 Hedley method ->Murphy & Riley (1962) method?
L133.2.1->3.2

L 13 NIRS models by P fractions-> NIRS models for P fractions?



L 17 soilstype ->soil type

L19 in->with

L20 in->with

L 20/21 rephrase:only D level quality or only two fractions?
L 23 concentrations->contents

L 30 replace “Whereas” by a more suitable word

Page 13

L10 3.2.2->3.3

L 28 Carbon->C

L 28 Nitrogen->N

Page 14

L 10 NIRS models forHedley fractions and pools ->NIRS models for P fractions and pools
L 27 minimum ->level of the

L 30 factions ->fractions

Page 15

L4 “In addition” isnotappropriate here

L 18 Fractions->fractions

L 19 rephrase (e.g., WhetherPisinorganic orinorganicform seemedto be of importance for...”)
L 21 models predicting the organicP fractions performed better than forinorganicP fractions
throughout->models predicting the organicP fractions performed betterthan models predicting the
inorganicP fractions

L 22-25 change the order of the two sentences “The superior quality...” and “Similar results...”

L 23 inwhich->because

L27 Why “Therefore”?

L 30 to->by

Page 16
L 3 and not simply->and are not simply
L9 even pooreror non-existent->even poorerthanfororganicfractions or non-existent

Page 17

L 8 To our knowledge ->To our knowledge,

L11 P-forms->P forms

L 17 soil Pin Hedley fractions of different availability ->soil P Hedley fractions of different availability
with NIRS

L 30 represents->requests

Page 18
L 6 North Western German Forest Research Institute ->the Northwest German Forest Research
Station

Figure 1 provides->provide; compound ->compounds
Figure 3setd->set4
Figure 7 add “triangles =P HCl conc. fractions”



