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Fig. S1: Washed root systems of plant L3 and L4 on day 19 after planting (left). Plants were grown under 

P-deficiency and developed multiple cluster roots. Though plant L4 grew a considerable amount of cluster roots 

overall, measured CO2 concentration was clearly lower compared to L3. For plant L3, several cluster roots were 

located in vicinity to the CO2 sensor, whereas only non-cluster lateral roots grew along the CO2 optode for plant 

L4 (central panels). Resulting pCO2 concentration and classification into hot spot regions via a statistical 

thresholding approach (Bilyera et al. 2020) are shown on the right. 
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Fig. S2: Timeseries of CO2 

concentration for plants L1 (a), L3 

(b), L4 (c) and L5 (d) after rewetting. 

The first image shows the CO2 

concentration at dry conditions 

(0.10 cm³ cm-3), the second image 

was captured 1h after rewetting to 

0.30 cm³ cm-3. Hotspots of high 

pCO2 formed around cluster roots 

after rewetting (center and right 

panels). The last image shows the 

CO2 concentrations 5 hours after re-

wetting. Plant L4 (c) did not grow 

cluster roots close to the CO2 optode. 

 

 

 

 

 

 

 

 

 

 

 

 Fig. S3: Extent of hotspots of pCO2 (in % of the area 

covered by the CO2 optode) during the drying-rewetting 

experiment on day 19 after planting (DAP 19). 

Background value and hotspots (mean of background + 

3SD) in the gray value images were separated 

statistically as described in Bilyera et al. (2020). All 

plants except L4 grew cluster roots close to the CO2 

optode. Hotspot area of plant L3 remained < 3 % despite 

cluster root abundance and high respiration activity 

measured until DAP 16 (see Fig. 1). 
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Tab. S1: pCO2 [%], pO2 [%] and approximate extent [mm] of CO2 accumulation resp. O2 depletion zones at 

different soil moisture conditions. Measurements in wet soil (0.30 cm³ cm-³), where daily irrigation maintained a 

continuously high soil water content, were conducted on day 16 after planting (DAP 16). Measurements in dry 

soil were taken three days after stopping irrigation (DAP 19), at 0.10 cm³ cm-³. Further measurements were 

conducted 1 h and 5 h after rewetting the soil from 0.10 to 0.30 cm³ cm-³ on DAP 19. pCO2: Cluster roots (n = 13) 

were chosen from four plants, laterals (n = 18) from five plants. pO2: cluster roots (n = 8) and lateral roots (n = 8) 

chosen from two plants. Significant differences between cluster and lateral roots following pairwise Wilcoxon test 

(α < 0.05) are highlighted by different letters. 

 wet 

(0.30 cm³ cm-3) 

dry 

(0.10 cm³ cm-3) 

1 h after rewetting 

(0.30 cm³ cm-3) 

5 h after rewetting 

(0.30 cm³ cm-3) 

pCO2 [%] 

cluster root surface 8.5 ± 3.9 a 2.7 ± 0.7 b 7.61 ± 4.33 a 11.5 ± 5.8 a 

lateral root surface 5.9 ± 3.6 bc 3.6 ± 1.4 c 5.4 ± 1.7 b 7.3 ± 2.2 a 

bulk soil 2.9 ± 1.3 b 3.1 ± 0.9 ab 3.4 ± 2.0 ab 4.7 ± 2.7 a 

Extent of CO2 accumulation zone from root surface [mm] 

cluster roots ~ 8 mm ~ 0.3 mm ~ 9 mm ~ 9.5 mm 

lateral roots ~ 2 mm ~ 1 mm ~ 4 mm ~ 5 mm 

pO2 [%] 

cluster root surface 3.4 ± 2.9 b 6.3 ± 1.0 a 0.4 ± 0.6 c 0.4 ± 0.7 c 

lateral root surface 4.8 ± 2.9 ab 3.6 ± 0.7 a 1.5 ± 0.8 c 1.8 ± 1.0 bc 

bulk soil 11.2 ± 2.2 b 13.3 ± 3.0 ab 1 12.1 ± 4.1 ab 15.5 ± 5.6 a 

Extent of O2 depletion zone from root surface [mm] 

cluster roots ~ 2 mm ~ 2 mm > 10 mm > 10 mm 

lateral roots ~ 2 mm ~ 2 mm ~ 5 mm ~ 5 mm 

 

                                                           
1 The average O2 concentration in dry soil was calculated only from n = 4 cluster and n = 4 lateral roots as one 

oxygen image was overexposed and could not be analyzed. At the other soil moisture levels, the average O2 

concentration was calculated from each 8 cluster and lateral roots. 
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Fig. S4: Extent of O2 depletion zones (indicated by 

colored vertical lines) around cluster and lateral 

roots compared in wet soil (0.30 cm³ cm-³, day 16 

after planting), dry soil (0.10 cm³ cm-³, day 19 after 

planting) and in rewetted soil (1h and 5 h after 

rewetting to from 0.10 cm³ cm-³ to 0.30 cm³ cm-³, 

day 19 after planting). Data points indicate mean 

pO2 [%] of cluster roots (n = 8, left panel) and 

lateral roots (n = 8, right panel) with increasing 

distance from the root surface. Roots were chosen 

from the two plants where O2 optodes were 

attached to the back sides of the rhizotrons (plant 

L4 and L5). Lines and shaded area indicate the 

local regression curve (“loess” function in R, 

package: “stats”) with 95% confidence interval. 
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