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Experimental details on the LDI measurement of a sucrose standard 
and the molecular formula assignment for disturbed soil samples 

LDI measurement of a sucrose standard  

Three concentration levels of sucrose in MQW (0.1, 10, 1000 ppm) were spotted on a 
MALDI steel target (2 × 7.5 µL for each spot). 39 single scans with CASI mode m/z = 
341.5, isolation width = 10 Da were recorded with 40 laser shots at a laser frequency 
of 400 Hz with 70% and 50% laser power for each concentration level. Additional 
measurements for the 0.1 ppm sucrose standard were performed with 30% laser 
power and for a 1000 ppm sucrose standard with 70% laser power without CASI-
isolation (full scan) (Figure S11, Figure S14, Figure S15). An LDI-CID-FT-ICR-MS/MS 
(CID: collision-induced dissociation) experiment was performed using the 10 ppm 
sucrose standard to identify possible fragments. For one spectrum 32 scans were co-
added with 15 V collision voltage (Figure S7). 

 

Molecular formula assignment for disturbed soil samples 

For the BS- and RS samples, internal recalibration of averaged spectra was done with 
a list of masses commonly present in natural organic matter (m/z 149 - 719, n = 253, 
linear calibration function). RMS error of the calibration masses was below 0.2 ppm. 
Peaks were considered detected if the S/N was greater than four. Raw spectra were 
processed with Compass DataAnalysis 5.0 (Bruker Daltonics). Molecular formulas 
were assigned to peaks in the range 148ï1000 m/z allowing for elemental 
compositions C1ï80 H1ï198 O0ï40 N0ï2 S0ï1 with an error range of ±0.5 ppm (Koch et al., 
2007; Lechtenfeld et al., 2014). Briefly, the following rules were applied: 0 Ò H/C Ò 3.0, 
0 Ò O/C Ò 1.2, 0 Ò N/C Ò 1.5, 0 Ò DBE Ò 50 (double bound equivalent, DBE = 1 + 1/2 
(2C ī H + N) (Koch et al., 2014), ī10 Ò DBE-O Ò 20 (Herzsprung et al., 2014), and 
element probability rules proposed by Kind and Fiehn (Kind and Fiehn, 2007). Isotope 
formulas (13C, 34S) were used for quality control but removed from the data set as they 
represent duplicate chemical information. The mass error range in the final data set 
was limited to the 5thï95th percentile of errors of CHO formulas in the initial data set 
(approx. ± 0.431 ppm). Molecular descriptors of peak intensity weighted average (wa) 
and mean values were calculated (Table S4) for H/C, O/C, N/C, S/C, N/S, DBE, DBE-
O, and AI (aromaticity index: (1 + C - O - S - 0.5 Ā (H + N))/(C - O - S - N)) (Herzsprung 
et al., 2014). Relative peak intensities (RI) were calculated based on the summed 
intensities of all assigned monoisotopic peaks (TIC) in each sample. Van Krevelen 
diagrams for RS samples and BS samples were used to depict differences in relative 
intensities (ȹRI) for each molecular formula: ȹRI = RIRS/(RIBS + RIRS) (Figure S10). 
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Additional Tables and Figures 

Table S1: Sampling and measurement metadata. Name of the soil section, type of 
experiment, age of the plants sampled, and sampling depth from the soil surface. The 
number of scans for the regions of interest (ROI) and the respective area are given for 
the total measured region and the smaller ROI drawn to determine rhizosphere 
gradients (ROI 1 to ROI 4 or ROI 5) by LDI-FT-ICR-MSI. 

Soil 
section  

Experiment 
Age of Plant 
(days after 
planting)  

Sampling 
depth 
(cm) 

ROI - 
Number of 
Scans 

ROI - area 
(mm2) 

FP1 field plot 

64  

  

12 
4749, 161, 
273, 468, 
538 

2.97, 0.10, 
0.17, 0.29, 
0.34 

FP2-a field plot 

21 

3478, 259, 
371, 543, 
416 

2.17, 0.16, 
0.23, 0.34, 
0.26 

FP2-b field plot 
4368, 202, 
170, 289, 
456, 789 

2.73, 0.13, 
0.11, 0.18, 
0.29, 0.49 

FP2-c field plot 
4039, 202, 
220, 378, 
547, 973 

2.52, 0.13, 
0.14, 0.24, 
0.34, 0.61 

FP2-d field plot 
2025, 232, 
301, 451, 
527 

1.27, 0.15, 
0.19, 0.28, 
0.33 

RB1-a 
laboratory 
(rhizobox) 

25 

16.5 
5955, 173, 
587, 528, 
678 

3.72, 0.11, 
0.37, 0.33, 
0.42 

RB1-b1 
laboratory 
(rhizobox) 

7.5 

6358, 541, 
267, 300, 
291 

3.97, 0.34, 
0.17, 0.19, 
0.18 

RB1-b2 
laboratory 
(rhizobox) 

6807, 477, 
702, 956, 
589 

4.25, 0.30, 
0.44, 0.60, 
0.37 

RB1-c1 
laboratory 
(rhizobox) 

9 

5563, 140, 
196, 163, 
141 

3.48, 0.09, 
0.12, 0.10, 
0.09 

RB1-c2 
laboratory 
(rhizobox) 

4538, 376, 
281, 292, 
254, 313 

2.84, 0.24, 
0.18, 0.18, 
0.16, 0.20 

RB2 
laboratory 
(rhizobox) 

31 10.5 857* 0.54* 

* Value for the first measurement replicate. 
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Figure S1: LDI-FT-ICR-MS mass spectra of the blanks. A/B) Blank spectra of 32 
coadded spectra of the gelatin/ CMC mixture, the OCT compound, the ITO-slide, and 
the MALDI steel target (top to bottom) C) Zoom into the nominal mass of the dihexose 
([C12H22O11īH]ī , m/z 341.1089, highlighted) a blank signal above the noise level of 
this mass could not be detected.  

  



  

 6  

 

Figure S2: Soil section during sample preparation and measurement. A) soil 
section before and B) after storage in a vacuum (200 ï 400 mbar) for 80 min before 
MSI. C) Optical image of the measurement region of soil section RB2 before MSI and 
D) after four times measurement of the same region. E) Optical image with UV 
excitation of the measurement region of soil section RB2 before MSI and F) after four 
times measurement of the same region. The area with loss of fluorescence is 
highlighted. 
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Figure S3: Imaging results for undisturbed soil samples from the field 
experiment. Optical image of the soil section and ion image for the dihexose signal 
[C12H22O11īH]ī as detected by LDI-FT-ICR-MSI the root surface is highlighted in white. 
Right: Ion image for the dihexose signal [C12H22O11īH]ī with the analyzed regions of 
interest for the rhizosphere gradients (ROI 1 is the root, ROI 2 to ROI 4 or 5 are regions 
with increasing distance to the root surface).  
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Figure S4: Imaging results for undisturbed soil samples from the laboratory 
experiment. Optical image of the soil section and ion image for the dihexose signal 
[C12H22O11īH]ī as detected by LDI-FT-ICR-MSI the root surface is highlighted in white. 
Right: Ion image for the dihexose signal [C12H22O11īH]ī with the analyzed regions of 
interest for the rhizosphere gradients (ROI 1 is the root, ROI 2 to ROI 4 or 5 are regions 
with increasing distance to the root surface).  
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Figure S5: Decrease of the peak intensity of the dihexose signal [C12H22O11�í�+�@�í 
as detected by LDI-FT-ICR-MSI in regions of interest with increasing maximum 
distance to the root surface for A) samples from the field experiment and the B) 
laboratory experiments. ROI 1 shows the intensity detected in the root, ROI 2 to ROI 5 
are regions of soil with increasing distance to the root surface. Each spectrum is 
represented by one blue dot. The areas used to construct the boxplots (symbol 
indicates arithmetic mean) are shown in Figure S3 and Figure S4 for the field 
experiment and the laboratory experiments, respectively.  
































