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SUMMARY: 25 
SOM underlies many soil functions and processes, but its characterization by FTIR spectroscopy 26 
is often challenged by mineral interferences. The described method can increase the utility of 27 
SOM analysis by FTIR spectroscopy by subtracting mineral interferences in soil spectra using 28 
empirically obtained mineral reference spectra. 29 
 30 
ABSTRACT: 31 
Soil organic matter (SOM) underlies numerous soil processes and functions. Fourier transform 32 
infrared (FTIR) spectroscopy detects infrared-active organic bonds that constitute the organic 33 
component of soils. However, the relatively low organic matter content of soils (commonly < 5% 34 
by mass) and absorbance overlap of mineral and organic functional groups in the mid-infrared 35 
(MIR) region (4,000–400 cm-1) engenders substantial interference by dominant mineral 36 
absorbances, challenging or even preventing interpretation of spectra for SOM characterization. 37 
Spectral subtractions, a post-hoc mathematical treatment of spectra, can reduce mineral 38 
interference and enhance resolution of spectral regions corresponding to organic functional 39 
groups by mathematically removing mineral absorbances. This requires a mineral-enriched 40 
reference spectrum, which can be empirically obtained for a given soil sample by removing SOM. 41 
The mineral-enriched reference spectrum is subtracted from the original (untreated) spectrum 42 
of the soil sample to produce a spectrum representing SOM absorbances. Common SOM removal 43 
methods include high-temperature combustion (‘ashing’) and chemical oxidation. Selection of 44 
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the SOM removal method carries two considerations: (1) the amount of SOM removed, and (2) 45 
absorbance artifacts in the mineral reference spectrum and thus the resulting subtraction 46 
spectrum. These potential issues can, and should, be identified and quantified in order to avoid 47 
fallacious or biased interpretations of spectra for organic functional group composition of SOM. 48 
Following SOM removal, the resulting mineral-enriched sample is used to collect a mineral 49 
reference spectrum. Several strategies exist to perform subtractions depending on the 50 
experimental goals and sample characteristics, most notably the determination of the 51 
subtraction factor. The resulting subtraction spectrum requires careful interpretation based on 52 
the aforementioned methodology. For many soil and other environmental samples containing 53 
substantial mineral components, subtractions have strong potential to improve FTIR 54 
spectroscopic characterization of organic matter composition. 55 
 56 
INTRODUCTION: 57 
Soil organic matter (SOM) is a minor constituent by mass in most soil samples but is implicated 58 
in multiple properties and processes underlying soil functions, such as nutrient cycling and carbon 59 
sequestration1. Characterizing the composition of SOM is one of several approaches to link SOM 60 
formation and turnover with its role(s) in soil functions2,3. One method of characterizing SOM 61 
composition is Fourier transform infrared (FTIR) spectroscopy, which offers detection of 62 
functional groups that constitute organic matter in soils and other environmental samples (e.g., 63 
carboxyl C-O, aliphatic C-H)4. However, the utility of FTIR spectroscopy for revealing SOM 64 
functional group composition is challenged by the dominant mineral component for the majority 65 
of soils (typically > 95% mass) due to strong inorganic absorbances that challenge or severely 66 
limit detection and interpretation of organic absorbances. 67 
 68 
Spectral subtractions offer a way to improve FTIR spectroscopic characterization of organic 69 
matter in soil samples. Subtracting mineral absorbances from the soil spectrum can be used to 70 
enhance absorbances of organic functional groups of interest in the analysis of SOM composition  71 
(Figure 1). 72 
 73 
Advantages of spectral subtractions over standard FTIR spectroscopy (i.e., soil spectra) include:  74 
 75 
(i) Improved resolution and interpretation of organic absorbance bands compared to normal soil 76 
spectra. Though interpretation of organic bands in soil spectra can be performed by assuming 77 
that the relative differences in absorbance are due to differences in organic functional groups, 78 
this limits comparisons to samples with the same mineralogy and relatively high SOM content, 79 
and may be less sensitive to changes in organic bands, even those considered to be relatively 80 
mineral-free (e.g. aliphatic C-H stretch)5 81 
 82 
(ii) Analysis of soils beyond high SOM samples or organic matter-enriched extracts or fractions 83 
 84 
(iii) Highlighting changes induced by experimental treatments from mesocosm to field scales6 85 
 86 
Additional applications of spectral subtractions in FTIR analysis of SOM include complementing 87 
structural and molecular characterizations (e.g., NMR spectroscopy, mass spectrometry)5,7, 88 



identifying the composition of SOM removed by an extraction or destructive fractionation8, and 89 
fingerprinting SOM composition for forensic purposes9. This method is applicable to a wide 90 
variety of mineral-organic mixtures beyond soils, including sediment10, peat11, and coal12,13. 91 
 92 
The potential of spectral subtractions to improve FTIR spectroscopic characterization of SOM is 93 
demonstrated using examples of organic matter removal to obtain mineral reference spectra, 94 
and then, using these mineral reference spectra, performing and evaluating ideal and non-ideal 95 
spectral subtractions. This demonstration focuses on diffuse reflectance infrared Fourier 96 
transform (DRIFT) spectra collected in the mid-infrared region (MIR, 4,000 – 400 cm-1), as this is 97 
a widespread approach for the analysis of soil samples4. 98 
 99 
The two example methods of SOM removal for obtaining a mineral-enriched reference spectrum 100 
are (i) high-temperature combustion (‘ashing’) and (ii) chemical oxidation, using dilute sodium 101 
hypochlorite (NaOCl). It should be noted that these are examples of commonly employed SOM 102 
removal methods, rather than prescriptive recommendations. Other methods of SOM removal 103 
may offer reduced mineral artifacts and/or enhanced removal rates (e.g., low-temperature 104 
ashing)14. High-temperature ashing was one of the first methods used to obtain mineral-enriched 105 
reference spectra for performing subtractions, initially for OM-enriched samples derived from 106 
soils (e.g., dissolved organic matter, litter)15,16 followed by its application to bulk soil samples17,18. 107 
The example chemical oxidation used to remove SOM is based on the method of NaOCl oxidation 108 
described by Anderson19. This was originally developed as a pretreatment for removing organic 109 
matter in soil samples prior to X-ray diffraction (XRD) analysis, and has been investigated as a 110 
potential chemical fractionation sensitive to SOM stabilization20,21. Both high-temperature 111 
removal and chemical oxidation using NaOCl can entail soil-specific artifacts and have limitations 112 
on spectral interpretation that should be considered when selecting a method of SOM 113 
removal14,22. 114 
 115 
PROTOCOL: 116 
 117 
1. Prepare Soil for Non-treated DRIFT Spectroscopy and SOM Removal 118 
 119 
1.1. Sieve the soil to < 2 mm using a stainless-steel mesh (the ‘fine-earth fraction’). 120 
 121 
Note: This demonstration employs two soils of similar texture but a nearly 3-fold difference in 122 
total SOM content (Table 1). 123 
 124 
2. SOM Removal by Chemical Oxidation: Example of NaOCl 125 
 126 
2.1. Adjust the pH of 6% w/v NaOCl to pH 9.5 by adding 1 M HCl dropwise to the solution while 127 
mixing and measuring with a pH meter. 128 
 129 
Note: Most commercial bleaches (e.g., Clorox) are suitable in quality and concentration (typically 130 
3‒7% NaOCl v/v) but will have pH > 12. As NaOCl oxidation of organic matter is pH-dependent, 131 
and pH 9.5 is recommended for its use with soil samples19,23, it is necessary to adjust the pH of 132 



most commercially available bleaches. 133 
 134 
2.2. Add 25 mL NaOCl (6% w/v, pH 9.5) to 4 g soil (sieved, air dried) in a 50-mL conical tube and 135 
mix by sonication (600 s, output frequency 20 kHz, power 200 W). 136 
 137 
2.3. Incubate the mixture in a hot-water bath (15 min, 80 °C) to increase oxidation rate. 138 
 139 
2.4. Centrifuge to obtain a clear supernatant (e.g., 15 min at 4000 × g for coarser textured soils; 140 
room temperature). Manually decant the supernatant into a waste container.  141 
 142 
Note: The concentration of NaOCl in the supernatant (conservatively assuming no oxidation and 143 
thus no consumption of NaOCl) is the same as commercially available bleach for household use. 144 
Finer textured soils may require longer centrifugation time (e.g., up to an additional 15-30 min) 145 
at a given centrifuge speed (e.g., 4000 × g) to obtain a clear supernatant. 146 
 147 
2.5. Repeat steps 2.3 and 2.4 twice for a total of three oxidation steps. 148 
 149 
2.6. After the last oxidation step, add 20 mL deionized H2O (dH2O) to the soil and mix for 5 min 150 
using a horizontal shaker (120 rpm). Centrifuge for 15 min at 4000 × g and room temperature. 151 
Repeat for a total of three treatments. 152 
 153 
2.7. Using a spatula and dH2O from a squirt bottle as needed, extract and wash out the soil pellet 154 
from the bottom of the centrifuge tube into a plastic weigh boat (or another container with high 155 
surface area). Oven-dry (60 °C maximum, 48 h) to an air-dried state. 156 
 157 
2.8. Once the soil sample is dried, quantify total organic carbon content by combustion-gas 158 
chromatography using a C/N analyzer24. Calculate SOM removal as the difference in organic 159 
carbon concentration before and after oxidation treatment.  160 
 161 
Note: Due to loss of organic matter and soil structure, soil will be prone to crusting, in particular 162 
for soils with low sand content. It may be necessary to apply gentle pressure and/or hand grinding 163 
to re-homogenize the crusted soil. Soils with inorganic carbon (i.e., carbonates) require additional 164 
steps for quantifying organic carbon by combustion-gas chromatography25,26.  165 
 166 
3. SOM Removal by High-Temperature Combustion 167 
 168 
3.1. Measure ~1‒2 g of soil (sieved, air dried) into a porcelain crucible using a spatula. 169 
 170 
3.2. Heat at 550 °C for 3 h using a muffle furnace. 171 
 172 
Note: This is an example method of SOM removal using combustion at a relatively high 173 
temperature. Refer to Discussion on alternative procedures (e.g., temperature). 174 
 175 
4. DRIFT Spectroscopy 176 



Note: For this example, the FTIR spectrometer software listed in the Table of Materials will be 177 
used. 178 
 179 
4.1. Acquire spectra of untreated soil and mineral enriched reference sample (treated to 180 
remove SOM). 181 
 182 
4.1.1. Prepare the soil samples. 183 
 184 
4.1.1.1. Dilute the samples (optional). 185 
 186 
4.1.1.1.1. Use analytical grade KBr (or other halide salt) dried at 105 °C and stored in a desiccator 187 
to remove residual moisture. For soil samples, effective KBr dilutions can be achieved at a range 188 
of 1–33%, in contrast to < 1% for pure compounds.  189 
 190 
4.1.1.1.2. Mix soil and KBr for a final sample size of 100–400 mg. For example, for a 3% dilution, 191 
gently grind 12 mg of dry sample with 60 mg of KBr for 60 s with an agate mortar and pestle. 192 
Then, ‘fold in’ 328 mg of KBr to fully homogenize the sample.  193 
 194 
4.1.1.1.3. Use serial dilutions with KBr to obtain a high final dilution rate ( < 1%). Perform replicate 195 
dilutions to ensure reproducibility, especially since diluted samples use 101‒102 less soil than neat 196 
samples. 197 
 198 
4.1.1.2. Grind untreated and treated soil samples to similar consistency by hand grinding and 199 
sieving (e.g., 250 µm using a 60# sieve). 200 
 201 
Note: Compared to hand grinding, greater consistency is facilitated by automation, in particular 202 
by ball milling. However, the relatively small amount of soil used in SOM removal (e.g., 1‒3 g for 203 
ashing due to crucible volume) means that hand grinding may be more practical. 204 
 205 
4.1.2. Collect the background spectrum. 206 
 207 
4.1.2.1. Load a sample of KBr (ground in the same manner as soil samples (see 4.1.1.2) to mimic 208 
soil matrix effects) into a sample cup or plate well.  209 
 210 
Note: The “background spectrum" is different from the mineral-enriched reference spectrum 211 
(see 4.1.3) used for performing subtractions. The background spectrum will be used by the 212 
software to remove atmospheric and other ambient absorbances during collection of spectra on 213 
soil samples. All software descriptions are specific to the chosen software and will need to be 214 
adapted to other software. 215 
 216 
4.1.2.2. Purge the spectrometer chamber with CO2- and H2O-scrubbed air (via a purge gas 217 
generator) or with N2 gas for greater consistency in collection conditions. For example, collection 218 
of spectra under ambient atmosphere may entail small fluctuations in humidity and CO2 that can 219 
cause changes in absorbance spectra.  220 



 221 
Note: Newer spectrometers may have mirrors (e.g., gold, SiC) that can potentially reduce 222 
humidity effects. 223 
 224 
4.1.2.3. Collect a background spectrum using the same detector and acquisition parameter 225 
settings, including scan number, wavenumber range, and resolution, that will be used to collect 226 
spectra of samples. 227 
 228 
4.1.2.3.1. Open the drop-down menu for Experiment and select the desired experimental 229 
collection method (e.g., acquisition mode). 230 
 231 
Note: In this example using chosen spectrometer (see the Table of Materials), the selected 232 
method is iS50 Main Compartment.  233 
 234 
4.1.2.3.2. Click the Experimental Setup icon to select spectral acquisition parameters. 235 
 236 
4.1.2.3.3. Under the Collect tab, check that the number of scans and resolution are appropriate 237 
for experimental objectives; for example, a common setting for DRIFT spectra of neat soils is 128 238 
scans at 4 cm-1 resolution. Click Ok to save changes. 239 
 240 
4.1.2.3.4. Click the Collect Background icon to collect a background spectrum. Save the 241 
background spectrum for use in the collection of spectra of soils (treated and untreated).  242 
 243 
4.1.3. Acquire spectra of soil samples. 244 
 245 
Note: Use the same acquisition parameters to collect background and sample (untreated soil, 246 
mineral-enriched soil) spectra. Differences among detectors in acquisition time and resolution 247 
pose trade-offs that impact collection time and spectral quality. Typical scan numbers for soil 248 
spectra range from 128–512 scans. Scan number can be decreased and replicates averaged to 249 
obtain a total target scan number. For example, two analytical replicates —  the same sample 250 
loaded in two separate wells — can be collected using 64 scans each and averaged for a total of 251 
128 scans. 252 
 253 
4.1.3.1. Load the soil sample. To ensure consistent loading and minimize surface roughness, pour 254 
samples into the sample cup (or well) to the point of slightly overfilling above the lip or edge of 255 
the cup. Then, surface-smooth the soil in the cup using a flat edge (e.g., razor) such that the 256 
height of soil sample in the cup is flush with the lip of the cup. 257 
 258 
Note: Due to the interaction of infrared light with a matrix such as soil in diffuse reflectance 259 
mode, sample loading can influence DRIFT spectra. Samples should not be tamped or subjected 260 
to pressure because packing density can affect absorbance. Finer particle size of samples ensures 261 
greater ease of surface smoothing (see 4.1.2.1). Depending on the spectrometer model and the 262 
sample density, the mass of sample needed to fill a sample cup will range from 300 to 600 mg. In 263 
the case of plate wells, this also depends on the well size. Plates with a greater number of wells 264 



will have smaller wells and will therefore require less sample. For example, 96-well plates 265 
commonly have a well volume of 360 µL whereas 24-well plates have a well volume of 3.4 mL.  266 
 267 
4.1.3.2. Collect spectra of untreated and treated soil samples. First check that the background 268 
spectrum collected previously (see 4.1.2.3.4) is used. Click Experimental Setup. Under the Collect 269 
tab, select Use specified background file and load the background spectrum file. Click Ok to save 270 
changes. To commence spectral collection on the soil, click Collect Sample. 271 
 272 
Note: Re-load the same sample in a different well or sample cup to collect the replicate spectra 273 
to account for scattering artifacts produced by surface roughness and by variability in matrix 274 
density. 275 
 276 
4.2. Perform spectral subtractions. 277 
 278 
Note: The subtraction factor (SF) weighs the degree to which absorbances in the mineral 279 
reference spectrum are subtracted from absorbances at the corresponding wavenumber in the 280 
spectrum of the untreated soil. For subtractions focused on improving resolution of organic 281 
absorbances to characterize SOM, it is recommended to utilize the entirety of the MIR afforded 282 
by most spectrometers (e.g., 4,000 to 650 or 400 cm-1, depending on the detector). The next 283 
steps describe an empirical method for determining the SF. All software descriptions are specific 284 
to the chosen software and will need to be adapted to other software. 285 
 286 
4.2.1. Zero out peaks by using the subtraction option of the software program to change the 287 
subtraction factor (SF) to minimize or reduce a target mineral peaks and/or mineral peaks, and/or 288 
to maximize a linear baseline14.  289 
 290 
4.2.2. Simultaneously select the untreated and treated soil spectra and click the Subtract icon 291 
(top center of screen); the first spectrum selected (untreated soil) will be the spectrum from 292 
which the second spectrum (treated soil) will be subtracted.  293 
 294 
4.2.3. Use the vertical toggle bar or arrows to increase or decrease the SF (left-hand of screen). 295 
Observe the changes in the previewed subtraction spectrum.  296 
 297 
4.2.3.1. Use this iterative feature to determine an appropriate SF as described in Representative 298 
Results. The numerical SF value appears in the middle of the toggle bar. To adjust the range of 299 
SF values, use the Finer and Coarser buttons.  300 
 301 
4.2.4. Click Add (upper right-hand of screen) to load the calculated subtraction spectrum into a 302 
window.  303 
 304 
Note: Since the majority of mineral absorbances are not linear with concentration in most (if not 305 
all) soil samples, it is usually not feasible to remove all mineral peaks. It is recommended that 306 
mineral peaks considered less prone to inversion (e.g., quartz-like Si-O at 2,100–1,780 cm-1)14 be 307 
used as the target peak to zero-out by adjusting the SF.  308 



 309 
4.2.5. Record and report methodological details on how the subtraction was performed with 310 
sufficient detail to allow independent calculation of the same subtraction spectrum from the 311 
untreated soil spectrum, including: (1) the wavenumber region used for subtraction, (2) the SF or 312 
range of SFs used, and (3) the (mineral) peak or region targeted for zero-ing out.  313 
 314 
Note: A good test of the reliability of a subtraction is to have it performed anew by the same user 315 
and/or independently by a different user using the reported subtraction parameters. 316 
 317 
4.3. Interpret the spectra. 318 
 319 
4.3.1. Perform spectral interpretation using various resources available to analyze and interpret 320 
the resulting subtraction spectra, in particular assignments of absorbances to organic functional 321 
groups4.  322 
 323 
Note: Other uses of subtraction spectra include multivariate analysis (e.g., principal component 324 
analysis), chemometric prediction of soil analytes27, and even forensic fingerprinting9. 325 
 326 
REPRESENTATIVE RESULTS: 327 
The method of SOM removal has practical as well as theoretical implications for the 328 
interpretation of subtraction spectra. For example, mineral alterations from high temperature 329 
ashing can manifest as losses or appearances of peaks and/or as shifted or broadened peaks in 330 
the mineral reference spectrum. These spectral artifacts are prone to occur in regions of overlap 331 
with organic bands at 1,600–900 cm-1,22 compromising interpretation of organic bands. Common 332 
changes of mineral bands following high temperature ashing (≥ 550 °C) are evident in Figure 2 333 
and include loss of OH peaks at 3,700–3,600 cm-1, and peak losses and shifts in lattice Si-O and 334 
Al-O peaks at 1,050–800 cm-1. On the other hand, SOM removal using chemical oxidation tends 335 
to preserve mineral functional groups and thus risks fewer artifacts (see Discussion). However, 336 
this typically comes at a cost of lower SOM removal28, as evidenced for the example soils (Table 337 
2). This restricts interpretation of organic functional group composition in the subtraction 338 
spectrum to less than the total SOM pool. 339 
 340 
Chemical oxidations can be an attractive alternative to ashing for furnishing mineral backgrounds 341 
because they generally preserve mineral structure and thus avoid artifactual absorbance features 342 
in reference spectra and thus the resulting subtraction spectrum14,22. For example, Soil A lost 89% 343 
of soil organic carbon (SOC) by NaOCl oxidation compared to 97% by ashing (Table 2) while 344 
preserving mineral absorbance features altered by ashing (Figure 2). On the other hand, 345 
incomplete and potentially selective removal of SOM means that NaOCl-resistant organic matter 346 
will not be characterized5,29,30, requiring careful interpretation of the subtraction spectrum14. 347 
Quantifying SOM loss with each additional oxidation treatment performed can be used to identify 348 
the optimal number of oxidative treatments for SOM removal. Evaluation of the example 349 
oxidation method using NaOCl showed that SOM removal plateaued after 3 oxidation steps 350 
regardless of whether SOM content of samples was low (<2% C) or high (36% C). With each 351 
successive oxidation step, the color of the supernatant is likely to change from various shades of 352 



purple/black/orange to lighter brownish-red until the original greenish-yellow color of bleach 353 
(i.e., unreacted dilute NaOCl).  354 
 355 
Grinding to reduce and homogenize soil particle size can improve spectral quality by reducing 356 
light scattering from large particles and inversion of strongly absorbing components31. Though a 357 
maximum particle size of 250–100 µm has been considered optimal to minimize such artifacts32, 358 
recent evaluations suggest that grinding beyond 2000 µm does not necessarily improve spectral 359 
quality for chemometric predictions33,34. However, more finely ground soil samples can still yield 360 
enhanced (sharper) absorbance peaks and exhibit decreased absorbance variability33, which 361 
would be expected to benefit spectral subtractions. On the other hand, some studies have found 362 
that grinding (e.g., to 200 µm) can induce more heterogeneity in particle size distribution than 363 
standard sieving (e.g., 2,000 µm)35,36. The effect of this on spectral quality is likely to depend on 364 
experiment objectives (e.g., interpretation of absorbance bands, chemometric prediction of C 365 
fractions) and soil properties (e.g., texture, mineralogy)29. It is recommended that effects of 366 
grinding size on subtraction spectra be assessed for a given set of soils and objectives. The treated 367 
soil sample used for the mineral reference spectrum is likely to have finer particle size than the 368 
corresponding untreated soil due to disruption of aggregates by SOM removal. 369 
 370 
The use of neat (undiluted) soil samples is widespread in the use of DRIFT spectroscopy due to 371 
greater ease of analysis and higher throughput rate. Sample dilution is traditionally performed 372 
for high purity samples using infrared-invisible halide salts (e.g., KBr, NaBr, KI). For DRIFT 373 
spectroscopic characterization of the organic component of soils, however, halide salt dilution is 374 
less advantageous. This is because dilution of samples tends to improve resolution of 375 
absorbances for dominant (mineral) components but not necessarily those representing minor 376 
(organic) components5,37. Nonetheless, there can be benefits to the dilution of soil samples, 377 
which can be empirically evaluated for each sample5. 378 
 379 
To illustrate the role of the subtraction factor (SF) in performing spectral subtractions, consider 380 
the subtraction spectra obtained for soil A using the spectrum of the NaOCl oxidized soil as the 381 
reference (Figure 3). As the SF increases from 0 to 1, the absorbance of bands corresponding to 382 
minerals decrease, most notably mineral surface O-H at 3,618 cm-1 and Si-O at 1,880 and 808 cm-383 
1. Concurrently, absorbance increases for bands representing organic functional groups such as 384 
aliphatic C-H stretch at 2,920 cm-1 and potentially amide C-N and N-H and/or aromatic C=C at 385 
1,558 cm-1. With increasing scaling of the SF, however, inversions of mineral absorbances such as 386 
Si-O at 2100 – 1780 cm-1 emerge. As NaOCl oxidation removed 89% of total SOC in a soil with 387 
2.2% C (Tables 1, 2), and given that SOM is estimated to be 58% C38, a theoretical SF of 0.97 can 388 
be calculated. However, non-linearity of absorbance results in over subtraction of mineral 389 
features using this SF (Figure 3). 390 
 391 
A more practical approach is to operationally determine the SF based on removal of a mineral 392 
absorbance feature by ‘canceling’ or zero-ing out a target peak(s). The quartz-like Si-O features 393 
at 2100 – 1780 cm-1 are suitable target mineral absorbances because they arise from 394 
fundamental Si-O vibrations that are less susceptible to specular reflection14,37. For example, in 395 
Figure 3, zero-ing of quartz Si-O at 2,100– 1,780 cm-1 suggests a SF in the range of 0.7 – 0.8 to be 396 



more suitable for reducing the dominant mineral absorbances than the a priori SF of 0.97 397 
calculated from the difference in mass (i.e., SOM removed) between the two soil samples.  398 
 399 
Potential pitfalls in selecting a SF include inversion and oversubtraction, both evidenced by 400 
‘negative peaks’ that resemble an upside-down peak or “W” shape14, or in the case of strong 401 
subtraction, a mirror image of the untreated soil spectrum. Inversions may not be possible to 402 
avoid altogether since these are common for Si-O at 1,150 – 800 cm-1, but can be minimized. 403 
Inversions should be noted as a region non-grata for spectral interpretation22,39 because in these 404 
regions absorbance can reflect how the subtraction was performed more so than absorbing 405 
components, especially for minor constituents such as OM. 406 
 407 
Spectral software accompanying modern FTIR spectrometers can be useful to guide and execute 408 
subtractions. The utility of such software lies in real-time and iterative adjustment of SFs while 409 
viewing the resulting subtraction spectrum. However, the default SF suggested by spectral 410 
software should be regarded with caution because the software criteria may not be appropriate 411 
for the experiment goals and samples such as soils (e.g., non-linear absorbance, inversion of 412 
mineral features). For example, the particular software used to calculate subtraction spectra in 413 
Figure 3 (see the Table of Materials) suggested a SF of 1.45, based on linearization of baseline in 414 
the resulting subtraction spectrum40, which misses the objective of zero-ing out Si-O at 2100–415 
1780 cm-1 for interpretation of organic absorbances at 1,800–1,000 cm-1. It is important to note 416 
that the SF suggested by software is also influenced by the wavenumber range selected for the 417 
subtraction because the software optimizes a subtraction for the defined spectral region. 418 
Additional benefits of software include spectral processing transformations (e.g., Kubelka-Munk, 419 
power functions) to improve spectral quality (e.g., linear baselines) prior to performing 420 
subtractions. 421 
 422 
The mineral reference spectrum may contain absorbance features influenced by the method of 423 
SOM removal, with consequences for performing and interpreting spectral subtractions. 424 
Comparison of differences among untreated and ashed mineral reference spectra (Figure 2) can 425 
help identify which of these features may be due to artifacts of SOM removal. In contrast to 426 
NaOCl oxidation, ashing produced changes in absorbance bands representing mineral functional 427 
groups, notably phyllosilicate surface and interlayer O-H (3,700–3,600 cm-1), Al-OH (915 cm-1), 428 
and Si-O (796, 521 cm-1). Quartz-like Si-O bands (2,100 –1,780, 1,159 cm-1) did not exhibit marked 429 
changes in absorbance (intensity or wavenumber) for either treatment. 430 
 431 
An example of over-subtraction and the risk of unidentified artifacts resulting from the SOM 432 
removal method of choice is demonstrated for ashing at 550 °C in Figure 4. Though zero-ing out 433 
quartz-like Si-O at 2,100–1,780 cm-1 is achieved with an SF of 0.76, a prominent W-shaped 434 
inversion at 1,100–450 cm-1 suggests that interpretation of the subtraction spectrum should be 435 
limited to > 1,200 cm-1. As the reference spectrum was obtained by high-temperature ashing, 436 
loss of mineral surface OH at 3,700–3,600 cm-1 (see Figure 2) means that these sharp peaks are 437 
an artifact that should not be a target to zero out. Attempts to do so will likely compromise other 438 
spectral regions. For example, not recognizing the feature at 3700–3600 cm-1 as an artifact could 439 
motivate the user to increase in the SF to reduce (SF = 1.24) or attempt to zero out (SF = 1.51) 440 



this artifact at the expense of over-subtracting the remaining spectral regions, including organic 441 
absorbances at 1800 – 1200 cm-1 (Figure 4). 442 
 443 
It is also possible to over-subtract the mineral reference spectrum, such as in an attempt to 444 
enhance a specific band without considering effects on other spectral regions (Figure 5). While 445 
this may be justified by experimental objectives (see Discussion), the example in Figure 5 of 446 
enhancing the aliphatic C-H stretch at 3000 – 2800 cm-1 ‘at all costs’ renders the remaining 447 
portion of the spectra uninterpretable, including the region corresponding to the majority of 448 
organic functional groups relevant to SOM characterization at 1,800–1,000 cm-1. An indicator of 449 
over-subtraction is the deepening inversion of spectral features beyond inversion-prone Si-O 450 
bands as the SF increases from 0.81 to 1.35 to 1.72. Conversely, the incomplete removal of these 451 
target mineral bands means that the SF is likely insufficient, as evidence for the subtraction 452 
performed with an SF of 0.32. A SF of 0.81 ideally zero-outs out the target Si-O features at 2,100–453 
1,780 cm-1 while minimizing inversions. 454 
 455 
Comparison of subtraction spectra calculated from reference spectra obtained by high-456 
temperature ashing and chemical oxidation indicate common features enhanced by subtraction 457 
at 1,750–1,350 cm-1 ascribable to organic functional groups, but also exhibit differences due to 458 
alteration of minerals and potentially the amount of SOM removed (Figure 6). Note that a similar 459 
SF was obtained for subtractions using a mineral reference obtained by ashing (SF = 0.76, Figure 460 
4) versus NaOCl oxidation (SF = 0.81, Figure 5). For a given method of SOM removal, differences 461 
are visually evident between the subtraction spectra of high and low organic matter soils that are 462 
less visible or absent in the untreated soil spectra (Figure 6), corresponding to aliphatic C-H 463 
(stretch) at 2916 cm-1, and ketone and amide C=O with possible contributions of conjugated C=C 464 
at 1,647 cm-1, amide C-N and N-H at 1,568 cm-1, aliphatic C-H (bend) at 1,427 cm-1, and phenol 465 
and/or carboxyl C-O at 1,275 cm-1. It is essential that subtraction spectra be understood as an 466 
operational method to assess relative changes in absorbances that may be assigned to organic 467 
functional groups with varying certainly depending on sample type and absorbance range (due 468 
to potentially overlapping bands)4. 469 
 470 
FIGURE AND TABLE LEGENDS: 471 
 472 
Figure 1. Illustration of spectral subtraction to enhance organic bands using a background 473 
spectrum of the same soil following SOM removal by chemical oxidation (NaOCl). DRIFT spectra 474 
were collected without KBr dilution of the soil sample. The soil is a Mollic Xerofluvent under 475 
agricultural use in the Sacramento Valley of California (22 mg C g-1 soil). Subtraction spectra were 476 
calculated with a subtraction factor of 1.0. 477 
 478 
Figure 2. Comparison of mineral-enriched background or reference spectra for performing 479 
spectral subtractions obtained by different SOM removal methods. Comparisons of treated and 480 
untreated soils are shown for a surface horizon (Ap) of a Mollic Xerofluvent formed on mixed 481 
alluvium in California, USA (22 mg C g-1). Spectra correspond to the original soil without treatment 482 
(top), followed by soils following SOM removal treatments of chemical oxidation (NaOCl) 483 
(middle) and high-temperature combustion (550 °C) (bottom). DRIFT spectra were collected on 484 



soil samples without KBr dilution. Grey boxes highlight mineral absorbance bands characteristic 485 
of soil spectra, centered at 3620 cm-1, 1870 cm-1 and 800 cm-1. 486 
 487 
Figure 3. Example of increasing the subtraction factor (SF) at 0.1 intervals from 0.1 (minimal 488 
subtraction) to 1.0 (equal subtraction of original soil spectrum and reference spectrum). The SF 489 
weights the degree to which the reference spectrum (soil A after heating at 550 °C for 3 h) is 490 
subtracted from the original (untreated) soil spectrum (soil A). As the subtraction factor 491 
decreases, absorbance bands corresponding to minerals increase (3,618 cm-1, 1,880 cm-1, 808 492 
cm-1), and bands representing organics decrease (2,920 cm-1, 1,558 cm-1, 1,240 cm-1). DRIFT 493 
spectra were collected on soil samples without KBr dilution.  494 
 495 
Figure 4. Examples of over-subtraction and the risk of unidentified artifacts resulting from the 496 
SOM removal method (ashing at 550 °C). Even with zero-ing out quartz-like Si-O at 2,100–1,780 497 
cm-1 (gray box) (SF = 0.76), a prominent W-shaped inversion at 1100 – 450 cm-1 (arrows) suggests 498 
interpretation of the subtraction spectrum should be limited to >1200 cm-1. Since the reference 499 
spectrum was obtained by high-temperature ashing (550 °C), loss of mineral surface OH at 3,700 500 
– 3600 cm-1 (gray box) (see Figure 2) indicates that this peak is a likely an artifact. Not recognizing 501 
the feature at 3,700–3,600 cm-1 as an artifact can mislead the user to increase the SF to reduce 502 
(SF = 1.24) or zero out (SF = 1.51) this spectral feature at the expense of oversubtracting the 503 
remaining spectral regions, including organic absorbances at 1,800–1,200 cm-1. Additional 504 
artifacts from ashing include a feature at 2300 cm-1 (arrow). DRIFT spectra were collected on soil 505 
samples without KBr dilution.  506 
 507 
Figure 5. Examples of ideal and non-ideal subtraction spectra using a mineral reference 508 
obtained by NaOCl oxidation. Insufficient subtraction (low SF = 0.32) means that prominent 509 
mineral absorbances (grey boxes) are still present. Increasing the SF to zero out quartz-like SiO 510 
at 2,100–1,780 cm-1 (SF = 0.81) strikes a balance among the criteria of removing this mineral 511 
absorbance as a proxy for mineral overlap at 1,800–1,000 cm-1, minimizing inversions of Si-O 512 
<1,100 cm-1, and maintaining a linear baseline. In an attempt to further enhance the aliphatic C-513 
H-stretch at 3,000–2,800 cm-1, the SF may be increased (to 1.35 or 1.72), but this results in 514 
oversubtraction of varying degrees. Spectra were collected on neat (no KBr dilution) samples by 515 
DRIFT spectroscopy. 516 
 517 
Figure 6. Paired comparison of DRIFT spectra of high (top) and low (bottom) organic matter 518 
soils showcasing the potential of spectral subtractions to improve interpretation of organic 519 
absorbances compared to the original soil spectra. Differences in absorbances corresponding to 520 
mineral (grey box) and organic (dashed line) absorbance bands are evident between high and 521 
low SOM soils and/or among the three set of spectra: spectra of the original (untreated) soils, 522 
and spectra obtained by subtracting a mineral reference from the untreated soil spectrum, using 523 
a mineral-enriched soil for the mineral reference spectrum obtained by thermal combustion 524 
(‘ashing’) or chemical oxidation. Organic absorbances that differ between high and low SOM 525 
samples may be ascribed to aliphatic C-H (2,916 cm-1), ketone and/or amide C=O with possible 526 
contributions of conjugated C=C (1,647 cm-1), amide C-N and N-H and/or possible aromatic C=C 527 
(1,568 cm-1), aliphatic C-H (1,427 cm-1), and carboxyl and/or phenol C-O (1,275 cm-1). Soils are 528 



from the Ap horizon of Entisols formed from mixed alluvium in the Sacramento Valley (California, 529 
USA). Spectra were collected on neat (no KBr dilution) samples. 530 
 531 
Table 1. Properties of soils used to demonstrate methods for spectral subtraction to improve 532 
characterization of SOM using DRIFT spectroscopy. Soils are of similar mineralogy but exhibit 533 
differences in organic matter concentration. Soils were sampled from the Ap horizon of Entisols 534 
formed on mixed alluvium in the Sacramento Valley of California, USA. 535 
 536 
Table 2. Example of varying removal rates of SOM by combustion versus chemical oxidation. 537 
Soil samples treated to remove organic matter are used to acquire a mineral-enriched 538 
reference spectrum for performing spectral subtractions to improve characterization of SOM 539 
functional group composition using DRIFT spectroscopy. 540 
 541 
DISCUSSION: 542 
The method of removing SOM carries two considerations: 1) the amount of SOM removed, and 543 
2) absorbance artifacts in the resulting mineral reference spectrum. It is fortunately possible— 544 
and arguably necessary— to identify and quantity these issues in order to avoid biased 545 
interpretations of SOM composition from the resulting subtraction spectrum. Ideally, spectral 546 
subtractions would employ a mineral-only reference spectrum to yield a spectrum of ‘pure’ SOM. 547 
In reality, the resulting subtraction spectrum exhibits absorbances corresponding to SOM that 548 
are enhanced relative to the original (untreated) soil spectrum. This is because non-linear 549 
absorbance of mineral components in soil samples prevents complete subtraction of all mineral 550 
absorbances. Artifactual mineral absorbances and/or incomplete removal of SOM limit 551 
interpretation of specific absorbance features or interpretation of the total SOM pool, 552 
respectively. 553 
 554 
As evidenced by the examples shown here, the two common methods for removing SOM to 555 
obtain mineral reference spectra (thermal combustion or ashing, and chemical oxidation) tend 556 
to engender a trade-off between the degree of SOM removal and spectral artifacts. These have 557 
distinct consequences for the interpretation of subtraction spectra. For the same reason that it 558 
is used in the loss on ignition (LOI) method to estimate SOM content, high-temperature ashing 559 
(≥ 350 °C) removes nearly all SOM but is likely to alter crystalline mineral structures and thus 560 
produce changes in mineral absorbance bands. As illustrated here, these will manifest as artifacts 561 
in the subtraction spectrum if spectral contributions from minerals before and after ashing differ. 562 
The thermal sensitivity of minerals, which can be mineral-specific, forces a compromise on the 563 
utility of spectral subtractions calculated with reference spectra obtained by ashing, especially at 564 
high temperatures (e.g., 550 °C). Mineral alterations specific to mineral type and ashing 565 
temperature include dehydroxylation, interlayer collapse and dehydration41-43, and have been 566 
documented in spectra of soils of diverse mineralogy10,28,44,45. 567 
 568 
Information on the mineralogy of a soil sample can be used beforehand to determine an ashing 569 
temperature that avoids or minimizes mineral alteration (e.g., interlayer collapse of kaolinite at 570 
or above 350 °C). Mineral artifacts can be identified and anticipated by subjecting a soil sample 571 
to ashing at varying temperatures and comparing the resulting spectra with the spectra of 572 



untreated soil and pure mineral standards10,46. One may also constrain sample set mineralogy in 573 
order to maintain subtraction artifacts that result from ashing constant across soil samples. 574 
Finally, lower ashing temperatures (e.g., 350 °C) can be used to enhance some organic bands10,47. 575 
Similar to chemical oxidations, the use of lower temperatures generally comes at a cost of lower28 576 
(Table 2) and potentially selective10 SOM removal. 577 
 578 
Chemical oxidations are in general less likely to cause mineral alteration, in particular for 579 
phyllosilicates, but may impact other mineral fractions such as iron (hydr)oxides. If known, the 580 
mineralogy of soil samples should be considered when selecting an oxidant. For example, sodium 581 
hypochlorite can remove relatively high amounts of SOM with minimal or no dissolution of 582 
mineral oxides, in contrast to other oxidizing agents (e.g., hydrogen peroxide)48-51. These effects 583 
are expected to depend on mineralogy and/or SOM (e.g., a high proportion of mineral-bound 584 
organic matter may be more resistant to some but not other oxidations). 585 
 586 
The reason why zero-ing out target mineral bands is a better strategy than relying on software-587 
calculated or a priori SFs is that these may need to be adjusted if target mineral bands are not 588 
fully removed. As this is common for mineral bands due to high phyllosilicate concentrations in 589 
soil samples and thus non-linear absorbance in spectra (e.g., Si-O stretch at 1100–950 cm-1)22, 590 
especially for the widespread practice of analyzing neat samples (no halide salt dilution), the 591 
adjustment of the SF should be explored to minimize mineral bands as per experimental 592 
objectives. 593 
 594 
Spectral subtractions offer a marked improvement on the ability of soil spectra to be used to 595 
interpret organic functional groups that compose SOM by improving the interpretability of 596 
organic absorbances in regions with overlapping mineral absorbances. Even organic bands 597 
though to be relatively mineral-free can benefit from spectral subtractions. For example, the 598 
aliphatic C-H stretch at 3000–2800 cm-1 is considered to be the least mineral-confounded organic 599 
band in soil spectra22, but its resolution can still be markedly improved with spectral 600 
subtractions52. Challenges to interpretation of FTIR spectra of a chemically complex sample such 601 
as SOM should not be conflated with the limitation of the method or its modifications (e.g., 602 
subtractions) because such complexity is an inherent attribute of SOM, which also challenges 603 
other spectroscopic approaches (e.g., nuclear magnetic resonance spectroscopy)1,5. 604 
 605 
Spectral subtractions offer a unique strategy to address constraints inherent to spectroscopic 606 
analysis of SOM arising from mineral dominance of soil samples, and with strong 607 
complementarity to other methods with their own distinct limitations5,14. For example, a 608 
separate approach to improve FTIR spectroscopy analysis of SOM is the pre-treatment of soils 609 
with hydrofluoric acid (HF) to remove a majority of the mineral component. Since 610 
demineralization of soil samples is routine for NMR spectroscopic analysis, the same HF-treated 611 
soils are often also analyzed by FTIR spectroscopy. However, demineralization with HF can 612 
engender significant losses of SOM that compromise its utility as a stand-alone approach53,54. For 613 
example, nearly one-third of SOM of soil A (Tables 1 and 2) was removed during HF treatment5. 614 
 615 
It is important to note that the utility of subtractions for analysis of soils is to enhance potential 616 



organic bands of interest at a particular wavenumber(s) rather than yielding a complete 617 
subtraction of all interfering mineral absorbances55-58. For this reason, subtractions may be more 618 
or less suited for particular spectral regions. Nguyen et al.4 recognized that subtractions were 619 
likely to be most useful to enhance organic bands at 1800–1600 cm-1, which Reeves III 22 620 
diagnosed as a spectral region for which accurate subtractions were possible even with artifacts 621 
from reference spectra obtained by high-temperature ashing. Mineral Si-O absorbances in this 622 
region subtract accurately, in contrast to other regions (e.g., 1,000–400 cm-1) due to non-linear 623 
absorbance and inversions of mineral bands such as Si-O at 1,050–980 cm-1 37,59. 624 
 625 
A potentially fruitful area of future work is to systematically address soil properties expected to 626 
entail sample-specific artifacts introduced by the method of SOM removal. The main challenge 627 
to spectral subtractions is the difficulty of obtaining a mineral reference spectrum that has near 628 
or full SOM removal yet minimal or no artifacts from SOM removal. Current methods of high-629 
temperature ashing and chemical oxidation engender a trade-off between these two objectives. 630 
Identifying mineralogy-specific artifacts detectable in FTIR spectra across a range of SOM removal 631 
conditions and soil types, as well as pure mineral standards, would be a first step toward 632 
establishing soil-specific recommendations22. Alternative SOM removal methods have yet to be 633 
systematically investigated. Promising removal methods include low-temperature ashing (often 634 
performed under low pressure) and for chemical oxidations, hydrogen peroxide and sodium 635 
peroxodisulphate14. 636 
 637 
Spectra of soils demineralized using HF can be used to compare subtraction spectra obtained by 638 
various methods. HF can be used to dissolve and remove a majority of the mineral component of 639 
soil samples, yielding an SOM-enriched sample. Since the spectrum of an HF-treated soil sample 640 
should in theory be similar to a subtraction spectrum of the same soil using a mineral reference 641 
spectrum obtained by full removal of SOM, comparing the spectra of SOM obtained by HF 642 
demineralization versus subtraction could be used to cross-validate absorbance bands, identify 643 
artifacts and increase confidence in spectral assignments5, in particular in the regions prone to 644 
subtraction artifacts via inversion (< 1,200 cm-1). However, incomplete and/or selective removal 645 
of mineral and organic components during HF treatment means that spectra of HF-treated soils 646 
may not offer an ‘objective’ spectrum of SOM, only an operational comparison which, not unlike 647 
spectral subtractions, must be carefully considered in light of potential artifacts. 648 
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Table 1

Soil
SOM 

content

SOC (mg 

g
-1

)
C:N

pH         

(1:2, water)

clay      

(mg g
-1

)

sand      

(mg g
-1

)

A High 22 9.4 6.5 166 133

B Low 7 9.3 6.7 126 451

SOC, soil organic carbon; C:N, carbon to nitrogen ratio
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Table 2

NaOCl-ox
ashed (500 

°C)

A High 22 -89.1 -96.5

B Low 7 -82.5 -97.2

SOC, soil organic carbon; NaOCl-ox, sodium hypochlorite oxidized

Soil 
OM 

content

SOC (mg 

g
-1

)

SOC loss (%)
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Name of Material/ Equipment Company Catalog Number

Nicolet iS50 spectrometer Thermo Fisher Scientific 912A0760
EasiDiff Pike Technologies 042-1040
OMNIC Thermo Fisher Scientific INQSOF018

6% v/v sodium hypochlorite Clorox n/a

Type 47900 Furnace VWR International 30609-748

VWR Gooch Crucibles, Porcelain  VWR International 89038-038

VWR Tube 50 mL Sterile CS500 VWR International 89004-364

Forced air oven VWR International 89511-414

VersaStar pH meter Fisher Scientific 13 645 573
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Comments/Description

infrared spectrometer used to collect spectra
high throughput sample holder
software used to perform subtractions

generic store-bought bleach for oxidative removal of soil organic matter

muffle furnace for ashing soils to removal soil organic matter

crucibles for ashing

for sodium hypochlorite

for drying soils after oxidation and water washes

for measuring pH of oxidation solution
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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exclusive right to use all or part of the Article for the non-
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to the Article, such as patent rights, shall remain with the
Author.
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applies if the “Standard Access” box has been checked in Item
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otherwise assist with the Video, the Author hereby
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JoVE is and shall be the sole and exclusive owner of all rights of
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display or otherwise assist with the Video, the Author hereby
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and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
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requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
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maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 

11. Indemnification.  The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein.  The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE.  The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
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Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE.  If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.
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JoVE’s successors and assignees.  This Agreement shall be
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Response to Revisions 

57464_R1 

Improving Infrared Spectroscopy Characterization of Soil Organic Matter with Spectral 

Subtractions 

 

Dear Editor, 

 

Please find below detailing of revisions made in response to editorial comments. Please note that 

in additional to the changes noted below, as recommended by JoVE online instructions we have 

used this as an opportunity to correct the manuscript for additional clarity in grammar and 

spelling.  

 

 

1. The manuscript has been modified. Please read it carefully and revise if necessary. Enclosed 

please find the top copy. Please do not change the current format/font. 

 

The current format and font has not been changed. Revisions have been made as 

indicated below. 

 

2. Unfortunately, there are a few sections of the manuscript that show overlap with previously 

published work. Though there may be a limited number of ways to describe a technique, please 

use original language throughout the manuscript. Enclosed please find the iThenticate report. 

Please revise lines 280-282, 591-593, and the Figure Legend of Figure 1. 

 

These and other sections have been rewritten with original language.  

 

3. Please avoid sectioning the Introduction and Discussion sections. 

 

No sections were used. 

 

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 

described in the imperative tense in complete sentences wherever possible. Any text that cannot 

be written in the imperative tense may be added as a “Note.” However, notes should be concise 

and used sparingly. Please include all safety procedures and use of hoods, etc. 

 

5. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, 

add references to published material specifying how to perform the protocol action. 

 

6. The Protocol should be made up almost entirely of discrete steps without large paragraphs of 

text between sections. Please simplify the Protocol so that individual steps contain only 2-3 

actions per step and a maximum of 4 sentences per step. 

 

7. For steps that involve software, please make sure to provide all the details such as “click 

this”, “select that”, “observe this”, etc. Please mention all the steps that are necessary to 

execute the action item. Please provide details so a reader may replicate your analysis including 
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buttons clicked, inputs, screenshots, etc. This is the level of detail we’re looking for. Please keep 

in mind that software steps without a graphical user interface cannot be filmed. 

 

8. We cannot film the steps that are not fully described. Please do not highlight those steps which 

actions are only explained in the external references. Please keep those steps in the protocol but 

not highlighted. Please attention that your manuscript, after acceptance, will be the source for 

our script writers for the video production. 

 

9. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", 

"our" etc.). 

 

All personal pronouns have now been removed.  

 

10. Protocol: 2.7: Oven-dry for how long? 

 This has been specified as follows: 

“Oven-dry (60 °C maximum, 24-48 hours or as needed) to an air-dried state.” 

 

11. Protocol: 4.1.2: How to collect a background spectrum? Please clearly describe the actions. 

 

This protocol step (4.1.2) is the umbrella step for the ensuing specific steps on how to 

collect the background spectrum. Details on how to collect a background spectrum are provide in 

the 4.1.2.x steps. Please advise if this should be modified.   

 

12. Protocol: 4.1.2.1: How is that done? 

 

Since this is meant to a literal repetition of the loading technique described in detail for 

4.1.1.3, this step is referenced as follows: 

“4.1.2.1. Load a sample of KBr ground in the same manner as soil samples (see 4.1.1.3) 

to mimic soil matrix effects.” 

 

13. Protocol: 4.1.2.2 and 4.1.2.2: Please use the imperative tense for all the sentences. 

 

These have been rewritten in the imperative tense as follows: 

“4.1.2.2. Collect background spectra and samples under the same ambient conditions. If  

so, check changes in humidity and temperature mean that backgrounds and/or re-collect  

the background spectrum.” 

 

14. Protocol: 4.2.1: Please clearly describe all the actions in the imperative tense. Please avoid 

using any personal pronouns in the protocol steps. Please move the discussion to the Discussion. 

 

These have been rewritten in the imperative tense and personal pronouns have been 

removed: 

“1.1.1. Subtraction factor: The subtraction factor (SF) weighs the degree to which 

absorbances in the mineral reference spectrum are subtracted from absorbances at the 

corresponding wavenumber in the original soil spectrum. For subtractions focused on 

improving resolution of organic absorbances to characterize SOM, it is recommended to 

http://4.1.2.1/
http://4.1.2.2/


utilize the entirety of the MIR collected by most spectrometers (e.g., 4000 to 650 or 400 

cm-1, depending on the detector).” 

 

15. Protocol: 4.2.2: Please clearly describe all the actions. How to use the software? Please 

include all the buttons clicked. Please move the discussion to the Discussion. 

  

We disagree with the recommendation to include details on the software used. This is 

because the procedure in question concerns spectral subtractions, which includes the pre-

treatment for SOM removal and the adjustment of a subtraction factor. Whether this is used with 

a particular software program is arbitrary. Moreover, inclusion of software-specific steps could 

confuse readers who do not have this software, as FTIR softwares are highly manufacturer-

dependent. We therefore believe the details specific to a software are best left out of the present 

method. To accommodate this, highlighting of this step has been removed so that the software-

specific details of background spectra and sample spectra collection will not be in the video.  

 

16. Protocol: 4.2.2: Note: Please move this Note to the Discussion. 

 

This note has been removed since it is not relevant to the Discussion, but rather an 

observation that was originally thought to be of use to the reader by providing additional context. 

 

17. Protocol: 4.3: Please clearly describe all the actions in the imperative tense. Please move the 

discussion to the Discussion. 

18. Protocol: 4.3: Please clearly describe all the actions in the imperative tense. Please move the 

discussion to the Discussion. 

 

The actions have been rewritten in the imperative tense and the point intended to provide 

context has been moved to the Discussion, beginning at line 340: 

“Since there is variability in OM and mineral types, as well as spectral artifacts from the 

method of packing, spectra of soils even with similar mineralogy and SOM content and 

removal may require slightly adjustment of the SF. If this is this case, Report the range of 

SF values used should be reported. If the same SF is applied across the spectral set, 

provide a justification. Such information is helpful to interpret results.” 

 

19. If possible, please shorten the length of the titles in the Figure Legends. 

 

This has been done for Table 1 and Figures 1 and 6.   

 

20. Please revise the table of the essential supplies, reagents, and equipment. The table should 

include the name, company, and catalog number of all relevant materials in separate columns in 

an xls/xlsx file. Please list all the materials, equipment, instrument, and software used in your 

work. 

 

The table has been updated accordingly.  

 

 

  



Response to Reviews 

JoVE57464  

 

Editorial comments 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 

errors in the submitted revision may be present in the published version. 

 

2. Please use SI units, e.g. please use “µL” instead of “µl”. Please leave a white space between 

the values and the units. 

 

3. Please define all abbreviations before use. 

 

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials and Reagents. 

 

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 

described in the imperative tense in complete sentences wherever possible. Any text that cannot 

be written in the imperative tense may be added as a “Note.” However, notes should be concise 

and used sparingly. Please include all safety procedures and use of hoods, etc. 

 

6. The Protocol should contain only action items that direct the reader to do something. Please 

move the discussion about the protocol to the Discussion. 

 

7. The Protocol should be made up almost entirely of discrete steps without large paragraphs of 

text between sections. The Protocol steps should contain only 2-3 actions per step and a 

maximum of 4 sentences per step. 

 

8. Please add more details to your protocol steps. Please ensure you answer the “how” question, 

i.e., how is the step performed? Alternatively, add references to published material specifying 

how to perform the protocol action. 

 

9. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only 

be used to provide extraneous details, optional steps, or recommendations that are not critical to 

a step. Any text that provides details about how to perform a particular step should either be 

included in the step itself or added as a sub-step. Please consider moving some of the notes 

about the protocol to the discussion section. 

 

10. Please leave a blank line between all protocol steps as well as Notes. 

 

11. Protocol: 1: How to prepare the soil? In which container? Using which instrument? Please 

clearly describe all steps. 
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12. Protocol: 1.1: Sieving how? Using what? Which equipment? Which container? 

 

13. Protocol: 2.1: How exactly is the pH adjusted? How much of each component is used? How 

they are mixed? Please describe all the step clearly. Please only mention the actions. Please 

move the discussions to the Discussion section. 

 

14. Protocol: 2.2: “Combine” how? In which container? 

 

15. Protocol: 2.4: Centrifuge at which temperature? Room temperature? Please use “x g” for 

the centrifuge force. “Pour off” how? With what? 

 

16. Protocol: 2.4: Note 1: How much longer approximately? How to determine the time? 

 

17. Protocol: 2.4: Notes 2-4 can be moved to Discussion. 

 

18. Protocol: 2.5: Repeat what? 2.4? or 2.3 and 2.4? 

 

19. Protocol: 2.6: Please describe the step clearly. 

 

20. Protocol: 2.7: Please define ddH2O first. How is that done? How much water? Air-dry for 

how long? Or oven-dry for how long? 

 

21. Protocol: 2.8: How is the quantification done? How is the Analyzer used? Please clearly 

describe the steps or refer to appropriate references or protocols. 

 

22. Protocol: 3.1: “Place” using what? 

 

23. Protocol: 4.1.1.1: Please use the imperative tense. Please move the discussion to the 

Discussion section. 

 

24. Protocol: 4.2.2.2: Please clearly describe the steps. Please move the discussion to the 

Discussion. 

 

25. Protocol: 4.1.1.3: Please describe the steps clearly using the imperative tense. “Collect 

replicate spectra” how? Please move the discussion to the Discussion. 

 

26. Protocol: 4.1.2, 4.1.3, 4.2.1, 4.2.2, 4.3, 4.4: Please describe the steps clearly using the 

imperative tense. Please include all the actions. Please ensure you answer the “how” question, 

i.e., how is the step performed? Please move the discussion to the Discussion. 

 

27. Protocol: For steps that involve software or analyzing devices, please make sure to provide 

all the details such as “click this”, “select that”, “observe this”, etc. Please mention all the 

steps that are necessary to execute the action item. Please provide details so a reader may 

replicate your analysis including buttons clicked, inputs, screenshots, etc. This is the level of 

detail we’re looking for. Please keep in mind that software steps without a graphical user 

interface cannot be filmed. 
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28. Please avoid using sub-sections in the “Representative Results” and “Discussion”. 

 

29. Figure 1: Please add the unit to each axis. 

This change has been made.  

 

30. Figures 2, 4, 5, 6: Please describe the shadow regions. 

This change has been made in the figure captions.  

 

31. Figure 6: Please leave a white space between the value and the unit, i.e., “500 °C” instead 

of “500°C”. 

This change has been made.  

 

32. If you are reusing figures from a previous publication, you must obtain explicit permission to 

re-use the figure from the previous publisher (this can be in the form of a letter from an editor or 

a link to the editorial policies that allows you to re-publish the figure). Please upload the text of 

the re-print permission (may be copied and pasted from an email/website) as a Word document 

to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please 

also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from 

[AUTHOR] et al.[REFERENCE]”. 

 

33. Please revise the table of the essential supplies, reagents, and equipment. The table should 

include the name, company, and catalog number of all relevant materials in separate columns in 

an xls/xlsx file. Please list all the materials, equipment, instrument, and software used in your 

work. 

 

34. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and 

Materials. 

This change has been made.  

 

 

Reviewers' comments: 

Reviewer #1: 
Manuscript Summary: 

This manuscript describes spectral subtraction method for improving soil organic matter 

composition analysis by FTIR spectroscopy. 

Overall it is a well put together manuscript which provides the step to step procedure of spectral 

subtraction method for SOM characterization by FTIR analysis and its interpretation. There is 

one general area which should be clarified before the paper is published. 

 

-NaOCl oxidation can remove relatively labile OM leaving stable OM and minerals intact in the 

soil sample. This incident might also be reflected in the FTIR spectra which possibly could 

introduce terrible artifacts in the subtracted SOM spectra (Yeasmin et al., 2017 Geoderma). 

Anyone should take this phenomenon into consideration during interpreting the SOM spectra 

which are subtracted by NaOCl oxidized sample spectra. On the other hand, in some cases 

aliphatic carbon groups which are generally expected to be oxidized can be intact after NaOCl 



treatment (Yeasmin et al., 2017 GCA). This could be due to the presence of large amounts of 

fresh plant materials containing substantial amounts of oxidation resistant fatty acids, waxes 

(aliphatics) compounds (Von Lu¨tzow et al., 2007). Thus, its quite difficult to use this NaOCl 

oxidation procedure for this spectral subtraction purpose without knowing the sample itself. The 

author has already mentioned some this fact very briefly. I think this fact need little bit more 

clearance in the manuscript. 

 

We appreciate the constructive feedback. We agree that more detail could be added on this issue, 

and have accordingly incorporated the following at L283-298: 
“Chemical oxidations can be an attractive alternative to ashing for supplying mineral 

backgrounds because they generally preserve mineral structure and thus avoid artifactual 

absorbance features in reference spectra and the resulting subtraction spectrum14,22. For example, 

Soil A lost 89% of SOC by NaOCl oxidation compared to 97% by ashing (Table 2) while 

preserving mineral absorbance features altered by ashing (Fig. 2). On the other hand, incomplete 

and potentially selective removal of SOM means that NaOCl-resistant OM will not be 

characterized5,36,37, requiring careful interpretation of the subtraction spectrum14.” 

 

An additional point has been added the beginning of the Discussion at L258-268: 
“The method of removing SOM carries two considerations: 1) the amount of SOM removed, and 

2) absorbance artifacts in the resulting mineral reference spectrum. It is fortunately possible— 

and arguably necessary— to identify and quantity these issues in order to avoid biased 

interpretations on SOM composition from the subtraction spectrum. Ideally, spectral subtractions 

would employ a mineral-only reference spectrum to yield a spectrum of SOM. In reality, the 

resulting subtraction spectrum exhibits absorbances corresponding to SOM that are enhanced 

relative to the original soil spectrum. This is because non-linear absorbance of mineral 

components in soil samples prevents complete subtraction of all mineral absorbances. 

Additionally, artifactual mineral absorbance and/or in incomplete removal of SOM (e.g., NaOCl 

oxidation) and thus its enhancement in subtraction spectra limit interpretations of specific 

absorbance features or interpretation of the total SOM pool.” 

 

Reviewer #2:  
Manuscript Summary: 

This manuscript discusses a method for providing enhanced soil organic matter spectra in the 

presence of major soil minerals. This has been an interesting topic for many years and this paper 

continues the discussion. 

 

Major Concerns: 

The first issue is to do with enhancing the organic matter signal by oxidation. The paper 

discusses this aspect clearly and fairly thoroughly except that it fails to consider some 

alternative oxidizing agents and lower temperature oxidation. The second issue is to do with 

spectral subtraction. This is also well covered except that it does not consider or try to deal with 

the non-linear spectral response of the DRIFT method. 

 

The Introduction and Discussion address drawbacks of the general methods of SOM removal 

(thermal combustion and wet chemical oxidation) as well as the specific examples of these two 

removal methods. To further emphasize the issues with this removal methods, we have made 

following changes have been made to the end of the Introduction (L95-109): 



“The two example methods of SOM removal for obtaining a mineral-enriched reference spectrum 

are (1) high-temperature combustion (‘ashing’) and (2) chemical oxidation, using dilute sodium 

hypochlorite (NaOCl) as an example oxidant. It should be noted that these are examples of 

commonly SOM removal methods, rather than prescriptive recommendations. Given artifacts of 

combustion and oxidation methods are increasingly quantified and alternative SOM removal 

methods are evaluated (e.g., low-temperature ashing)14. High-temperature ashing was one of the 

first methods used to obtain mineral-enriched reference spectra for performing subtractions, 

initially for OM-enriched samples derived from soils (e.g., dissolved organic matter, litter)15,16 

followed by application to soils17,18. The use ofdemonstrated chemical oxidation to remove SOM 

is based on the method of NaOCl oxidation described by Anderson19. This was originally 

developed for minimizing OM content of soils prior to X-ray diffraction (XRD) analyses, and has 

been investigated as a potential chemical fractionation sensitive to SOM stabilization20,21. Both 

high-temperature removal and chemical oxidation using NaOCl can entail soil-specific artifacts 

and have limitations on spectral interpretation that should be considered when selecting a method 

of SOM removal14,22.” 

Additional changes to address this issue in the Introduction and Discussion sections have made 

in response to specific reviewer comments (please see below). 

 

Minor Concerns: 

Protocols: 

Part 3.2. High temperature oxidation. Why was 550C chosen? It is well known that clay minerals 

such as kaolinite decompose at this temperature. Lower temperature for prolonged times (~350C 

for overnight heating) mostly avoids mineralogical changes. The longer ignition time helps 

remove most of the OM even though 350C is below the ignition temperature of soil OM.  

 

We discuss the selection of 550 °C in the Introduction at L95-100: 
“The two example methods of SOM removal for obtaining a mineral-enriched reference spectrum 

are (1) high-temperature combustion (‘ashing’) and (2) chemical oxidation, using dilute sodium 

hypochlorite (NaOCl) as an example oxidant. Differences in High-temperature ashing was one of 

the first methods used to obtain mineral-enriched reference spectra for performing subtractions, 

initially for OM-enriched samples derived from soils (e.g., dissolved organic matter, litter)1,2 

followed by application to soils3,4.” 

As indicated in the Introduction, 550 °C is an example of a potential method of SOM removal, 

rather than a prescriptive recommendation. Issues with these example SOM removal methods are 

reviewed and alternatives discussed in greater detail in the Introduction and Discussion sections.  

 

To further clarify that the two SOM removal methods are meant to be examples, the following 

changes have been made to the end of the Introduction (L95-109): 
“The two example methods of SOM removal for obtaining a mineral-enriched reference spectrum 

are (1) high-temperature combustion (‘ashing’) and (2) chemical oxidation, using dilute sodium 

hypochlorite (NaOCl) as an example oxidant. It should be stressed that these are examples of 

commonly SOM removal methods, rather than prescriptive recommendations. Given artifacts of 

combustion and oxidation methods are increasingly quantified and alternative SOM removal 

methods are evaluated (e.g., low-temperature ashing)14. High-temperature ashing was one of the 

first methods used to obtain mineral-enriched reference spectra for performing subtractions, 

initially for OM-enriched samples derived from soils (e.g., dissolved organic matter, litter)15,16 

followed by application to soils17,18. The use ofdemonstrated chemical oxidation to remove SOM 

is based on the method of NaOCl oxidation described by Anderson19. This was originally 

developed for minimizing OM content of soils prior to X-ray diffraction (XRD) analyses, and has 



been investigated as a potential chemical fractionation sensitive to SOM stabilization20,21. Both 

high-temperature removal and chemical oxidation using NaOCl can entail soil-specific artifacts 

and have limitations on spectral interpretation that should be considered when selecting a method 

of SOM removal14,22.” 

 

You don't say anything about checking first the mineralogy of the sample to be heated. Some 

samples cannot be subjected to heating because they decompose even at low temperatures 

(~120C) such as AlOOH and FeOOH minerals. 

 

The important issue of mineral artifacts due to thermal combustion for SOM removal is 

addressed at L466-475.  
“Knowledge of a soil sample’s mineralogy can also be used a priori to determine a maximum ashing 

temperature that avoids mineral alteration (e.g., interlayer collapse of kaolinite at 350 °C). Mineral artifacts 

can also be identified and anticipated by subjecting a soil sample to ashing at varying temperatures and 

comparing the resulting spectra with the spectra of untreated soil and pure mineral5,6. One may also 

constrain sample set mineralogy in order to maintain subtraction artifacts of ashing constant across 

samples. Finally, lower ashing temperatures (e.g., 350 °C) can be used to enhance some organic bands5,7. 

Similar to chemical oxidations, the use of lower temperatures generally  comes at a cost of lower SOM 

removal8, as evidenced for the example soils (Table 2) and may engender selective loss of functional 

groups5.” 

This discussion notes the potential of low-temperature ashing to also incur mineral (and organic) 

artifacts.  

 

We agree that low-temperature ashing is a less artifact-prone method of SOM removal. This 

important point has been further stressed at L537-538: 
“Alternative SOM removal methods have yet to be systematically investigated. Promising 

removal methods include low-temperature ashing (often performed under low pressure) and for 

chemical oxidations, hydrogen peroxide and sodium peroxodisulphate21.” 

 

Additionally, the potential of low-temperature ashing as an alternative SOM removal method has 

been added to the Introduction (L97-100): 
“The two example methods of SOM removal for obtaining a mineral-enriched reference spectrum 

are (1) high-temperature combustion (‘ashing’) and (2) chemical oxidation, using dilute sodium 

hypochlorite (NaOCl)as an example oxidant. It should be stressed that these are examples of 

commonly SOM removal methods, rather than prescriptive recommendations. Other methods of 

SOM removal methods may offer reduced mineral artifacts and/or enhanced removal rates (e.g., 

low-temperature ashing) 14.  
 

L178: "grinding beyond 2000 μm does not necessarily improve spectral quality for chemometric 

predictions". I dispute this. Published work shows an improvement of about 0.1 R-square units 

for prediction modelling by fine grinding to <0.1 mm. 

 

The statement in question is a summary of a particular study that finds no significant benefit to 

grinding beyond this particle size— at least for specific soils and experimental objectives of 

these studies. We sought to be cautious and did not recommend against grinding beyond a 

maximum particle size of 2000 μm. For example, we write that grinding does not “necessarily” 

improve spectral quality. Our intention was to connote that for some soils and/or experimental 

objectives it may not be a beneficial soil pre-treatment.  

 



To clarify this, we have modified the section at l79-189 as follows: 
“Note: Though a maximum particle size of 250 – 100 µm has been considered ideal because the 

aperture of most FTIR spectrometers is 1000 µm 26, recent evaluations suggest that grinding 

beyond 2000 µm  does not necessarily improve spectral quality for chemometric predictions 27,28. 

However, More finely ground soil samples tend to yielded enhanced (sharper) absorbance peaks 

and exhibited decreased absorbance variability 27, which would be expected to benefit spectral 

subtractions. On the other hand, some studies have found that grinding (e.g., to 200 µm) can 

induce more heterogeneity in particle size distribution than standard sieving (e.g., 2000 µm)29,30. 

The effect of this on spectral quality is likely to depend on experiment objectives (e.g., 

interpretation of absorbance bands, chemometric prediction of soil C) and soil types29. It is 

therefore recommended that grinding size be assessed for particular set of soils and objectives.”  

 

L203: These days, mirror type of background referenced are used, such as stainless-steel, gold 

or SiC. These reduce the problems of contamination and humidity effects on KBr. 

 

We have added this clarification at L214-217: 
“For example, collection of spectra under ambient atmosphere may entail small fluctuations in 

humidity and CO2 that can cause changes in absorbance spectra. Newer spectrometers may have 

mirrors (e.g., gold, SiC) that can potentially reduce humidity effects.” 

 

Part 4. You do not discuss linearizing the DRIFT spectral responses by applying a non-linear 

transform such as the Kubelka Munk or a power function. This may help balance the relative 

different subtraction factors for OM and mineralogy. 

 

We thank the reviewer for this suggestion; it has been added as a possibility in the Discussion 

section at L327-329: 
“It is important to note that the SF suggested by software is also influenced by the wavenumber 

range selected for the subtraction because the software optimizes a subtraction for the defined 

spectral region. Additional benefits of softwares include spectral processing transformations (e.g., 

Kubelka-Munk, power functions) to improve spectral quality (e.g., linear baselines) prior to 

performing subtractions.”  

 

L266: SOM removal. I guess that the different SOM oxidation by chemical versus ignition is 

similar to the comparison between the dichromate oxidation with Walkely-Black and Leco 

ignition. In the chemical method, some organic species such as soil char material is not easily 

chemically oxidized. 

 

The Discussion describes incomplete removal of SOM by NaOCl oxidation (or other removal 

methods, including low-temperature ashing) as a key trade-off of this method. This has been 

further clarified at L283-289: 

“Chemical oxidations can be an attractive alternative to ashing for supplying mineral 

backgrounds because they generally preserve mineral structure and thus avoid artifactual 

absorbance features in reference spectra and the resulting subtraction spectrum14,22. For example, 

Soil A lost 89% of SOC by NaOCl oxidation compared to 97% by ashing (Table 2) while 

preserving mineral absorbance features altered by ashing (Fig. 2). On the other hand, incomplete 

and potentially selective removal of SOM means that NaOCl-resistant OM will not be 

characterized5,36,37, requiring careful interpretation of the subtraction spectrum14.” 

 



Additionally, the opening Discussion paragraph has been modified to underscore this limitation 

of spectral subtractions, at L258-268: 
“The method of removing SOM carries two considerations: 1) the amount of SOM removed, and 

2) absorbance artifacts in the resulting mineral reference spectrum. It is fortunately possible— 

and arguably necessary— to identify and quantity these issues in order to avoid biased 

interpretations on SOM composition from the subtraction spectrum. Ideally, spectral subtractions 

would employ a mineral-only reference spectrum to yield a spectrum of SOM. In reality, the 

resulting subtraction spectrum exhibits absorbances corresponding to SOM that are enhanced 

relative to the original soil spectrum. This is because non-linear absorbance of mineral 

components in soil samples prevents complete subtraction of all mineral absorbances. 

Additionally, artifactual mineral absorbance and/or in incomplete removal of SOM (e.g., NaOCl 

oxidation) and thus its enhancement in subtraction spectra limit interpretations of specific 

absorbance features or interpretation of the total SOM pool.” 

 

You need to stress the importance of detailed knowledge of the interpretation of MIR soil 

spectra. Failure in this regard may easily lead to inappropriate subtraction and thus complete 

miss-interpretation. 

 

We have clarified the overall limitation of spectral subtractions (semi-quantitative, operational) 

and need for careful interpretation of absorbances to infer relative changes in organic functional 

group composition of SOM, at L374-377: 
“It is essential that subtraction spectra be understood as an operational method to assess relative 

changes in absorbances that can be assigned to organic functional groups with varying certainly 

depending on sample type and absorbance range (due to potential overlapping bands)4.” 
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