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Table S1.1 Diurnal variation in Eh, pH and Eh@pH7 for four rice varieties (IDSA 6, Azucena, IRBLTA2Pi, Nerica4). Regression equations over 
time and strength of the relationship (R2 and P values) are given for each variety, for each day of measurement in each of four seasons (I to IV). 
Corresponding fertilization, sowing times, measurement dates and plant ages (DAS) are indicated. Overall mean and median of R2 values are 
indicated. Measurements were made on the middle part of the last photosynthetically active leaf of the main tiller. 
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Table S1.2 Temperature dependent variation in Eh, pH and Eh@pH7 for four rice varieties (IDSA 6, Azucena, IRBLTA2Pi, Nerica4). Regression 
equations over time and strength of the relationship (R2 and P values) are given for each variety, for each day of measurement in each of four 
seasons (I to IV). Corresponding fertilization, sowing times, measurement dates and plant ages (DAS) are indicated. Overall mean and median of 
R2 values are indicated. Measurements were made on the middle part of the last photosynthetically active leaf of the main tiller.  
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Table S1.3 Solar radiation dependent variation in Eh, pH and Eh@pH7 for four rice varieties (IDSA 6, Azucena, IRBLTA2Pi, Nerica4). Regression 
equations over time and strength of the relationship (P and R2 values) are given for each variety, for each day of measurement in each of four 
seasons (I to IV). Corresponding fertilization, sowing times, measurement dates and plant ages (DAS) are indicated. Overall mean and median of 
R2 values are indicated. Measurements were made on the middle part of the last photosynthetically active leaf of the main tiller. 
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Table S2. Means and pairwise comparisons of Eh, pH and Eh@pH7 for three leaf parts (Base, 
Middle, Tip) in three growing seasons (II to IV) for increasing plant age (DAS from 40 to 80) 
and two water managements (Upland = aerobic; Lowland = anaerobic).  
Rice plants of variety Nerica4 (seasons II and III) and IR64 (season IV) were sown in 25 April 
2016, 12 August 2016 and 02 December 2016 in season I to IV, respectively, fertilized with 
NPK in seasons II to III and Hoagland’s solution in season IV. Measurements were made on 
the last photosynthetically active leaf of the main tiller in seasons II and III, and on the last 
photosynthetically active leaf (leaf 2) and the leaf emerged two leaves earlier (leaf 4) for the 
main tiller, tiller 1 and tiller 2 in season IV. When data were collected on different leaves, 
pooled data are also analyzed (leaf 2 and leaf 4 in season 4). Mean temperature and solar 
radiation intensity at the day of measurement are indicated. Values followed by different letters 
indicate significant difference between leaf positions at 95% confidence interval (REGW-Q 
test).  
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Table S3.1. Intra-plant spatial variability of leaf Eh, pH and Eh@pH7 in season II on 40-41 DAS-old plants. Means over 4 plants, standard deviation 

and rankings based on pairwise comparisons depending on leaf position (Leaf 2 to 10) on five tillers (main and 1 to 4). Across tillers, leaves of the 

same ages are pooled into 5 age classes (1 to 5 from youngest to oldest), with corresponding mean, standard deviation and ranking. Plants of the 

rice variety Nerica4 were sown in 17th August 2016, then grown in aerobic conditions, fertilized with NPK. Measurements were made on the 

middle part of the leaf. Mean temperature was 29.2°C and mean solar radiation intensity was 46.2W/m2. Values followed by different letters 

indicate significant difference between leaf positions at 95% confidence interval (REGW-Q test). Leaf and tiller numbering according to Katayama 

(1951). 
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Table S3.2. Intra-plant spatial variability of leaf Eh, pH and Eh@pH7 in season II on 61-64 DAS-old plants. Means over 4 plants, standard deviation 

and rankings based on pairwise comparisons depending on leaf position (Leaf 3 to 12) on five tillers (main and 1 to 4). Across tillers, leaves of the 

same ages are pooled into 6 age classes (1 to 6 from youngest to oldest), with corresponding mean, standard deviation and ranking. Plants of the 

rice variety Nerica4 were sown in 17 August 2016, then grown in aerobic conditions, fertilized with NPK. Measurements were made on the middle 

part of the leaf. Mean temperature was 30.2°C and mean solar radiation intensity was 49.9W/m2. Values followed by different letters indicate 

significant difference between leaf positions at 95% confidence interval (REGW-Q test). Leaf and tiller numbering according to Katayama (1951).
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Table S3.3. Intra-plant spatial variability of leaf Eh, pH and Eh@pH7 in season I on 39-40 DAS-old plants. Means over 4 plants, standard deviation 
and rankings based on pairwise comparisons of Eh, pH and Eh@pH7 depending on leaf position (Leaf 2 to 8) on four tillers (main and 1 to 3). 
Across tillers, leaves of the same ages are pooled into 3 age classes (1 to 3 from youngest to oldest), with corresponding mean, standard deviation 
and ranking. Plants of the rice variety Nerica4 were sown in 11 February 2016, then grown in aerobic conditions, without fertilization. 
Measurements were made on the middle part of the leaf. Mean temperature was 31.8°C and mean solar radiation intensity was 64.5W/m2. F-value 
and P of the ANOVA were Values followed by different letters indicate significant difference between leaf positions at 95% confidence interval 
(REGW-Q test). Leaf and tiller numbering according to Katayama (1951). 
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Table S3.4. Effect of two opposite soil gradients (T1 = natural; T2 = opposite) on intra-plant 
spatial variability of leaf and soil Eh, pH and Eh@pH7 in season III for 30 DAS-old plants. 
Upper and Middle panels are T1 = natural soil gradient; and T2 = opposite soil gradient, 
respectively. Means over 4 plants, standard deviation and rankings based on pairwise 
comparisons depending on leaf position (Leaf 1 to 7) on four tillers (main and 1 to 3). Across 
tillers, leaves of the same ages are pooled into 6 age classes (1 to 6 from youngest to oldest), 
with corresponding means, standard deviations and ranking. Plants of the rice variety Nerica4 
were sown in 19-22 November 2016, then grown in aerobic conditions, fertilized with 
Hoagland’s solution. Measurements were made on the middle part of the leaf. Mean 
temperature was 29.8 and 29.1°C and mean solar radiation intensity was 35.0 and 31.8W/m2 
for T1 and T2, respectively. Lower panel is measurement across 3 soil depths (3, 8 and 13cm) 
for each of the two soil gradients. Means over 8 pots, standard deviation and rankings based on 
pairwise comparisons depending on depth. Values followed by different letters indicate 
significant difference between leaf positions at 95% confidence interval (REGW-Q test). Leaf 
and tiller numbering according to Katayama (1951). 
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Table S3.5. Effect of two opposite soil gradients (T1 = natural; T2 = opposite) on intra-plant spatial variability of leaf and soil Eh, pH and Eh@pH7 

in season III for 58 DAS-old plants. Upper and Middle panels are T1 = natural soil gradient; and T2 = opposite soil gradient, respectively. Means 

over 3 plants, standard deviation and rankings based on pairwise comparisons depending on leaf position (Leaf 2 to 11) on six tillers (main, Tillers 

1 to 3 and Tiller 1.1). Across tillers, leaves of the same ages are pooled into 6 age classes (1 to 6 from youngest to oldest), with corresponding 

means, standard deviations and ranking. Plants of the rice variety Nerica 4 were sown in 19-22 November 2016, then grown in aerobic conditions, 

fertilized with Hoagland’s solution. Measurements were made on the middle part of the leaf. Mean temperature was 28.9°C and mean solar radiation 

intensity was 38.2 and 43.4W/m2 for T1 and T2, respectively. Lower panel is measurement across 3 soil depths (3, 8 and 13cm) for each of the 

two soil gradients. Means over 6 pots, standard deviation and rankings based on pairwise comparisons depending on depth. Values followed by 

different letters indicate significant difference between leaf positions at 95% confidence interval (REGW-Q test). Leaf and tiller numbering 

according to Katayama (1951). 
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Table S3.6. Effect of two water management regimes (Upland = aerobic; Lowland = anaerobic) 
and variety on intra-plant spatial variability of leaf Eh (Upper panel), pH (Middle panel) and 
Eh@pH7 (Lower panel) in season IV for 43-46 DAS-old plants. Within each panel, data are 
presented for the two varieties IR64 (in Upland and Lowland managements), and Nerica 4 (in 
Lowland management). Means over 4 plants, standard deviation and rankings based on pairwise 
comparisons depending on leaf position (Leaf 2 to 9) on three tillers (main, 1 and 2). Across 
tillers, leaves of the same ages are pooled into 4 age classes (1 to 4 from youngest to oldest), 
with corresponding means, standard deviations and ranking. Plants were sown in 13 February 
2017 , fertilized with Hoagland’s solution. Measurements were made on the middle part of the 
leaf. Mean temperature was 32.0°C and mean solar radiation intensity was 50.7W/m2. Values 
followed by different letters indicate significant difference between leaf positions at 95% 
confidence interval (REGW-Q test). Leaf and tiller numbering according to Katayama (1951).
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Table S3.7. Field condition intra-plant spatial variability of leaf Eh, pH and Eh@pH7 on 44-46 DAS-old plants of the rice variety Nerica 4 in 
Upland management in season V. Means over 4 plants, standard deviation and rankings based on pairwise comparisons depending on leaf position 
(Leaf 1 to 9) on five tillers (main and 1 to 4). Across tillers, leaves of the same ages are pooled into 5 age classes (1 to 5 from youngest to oldest), 
with corresponding means, standard deviations and ranking. Plants were sown in 20 February 2017, rainfed and fertilized with NPK. Measurements 
were made on the middle part of the leaf. Mean temperature was 33.0°C and mean solar radiation intensity was 55.6W/m2. Values followed by 
different letters indicate significant difference between leaf positions at 95% confidence interval (REGW-Q test). Leaf and tiller numbering 
according to Katayama (1951). 
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Table S.4. Means and pairwise comparisons of Eh, pH and Eh@pH7 for four rice varieties 
(IDSA 6, Azucena, IRBLTA2Pi, Nerica4) in four growing seasons (I to IV) and increasing 
plant age (DAS from 39 to 74). When data were collected on successive days, pooled data are 
also analyzed (e.g. 73-74DAS). Plants were sown in 12 November 2015, 25 April 2016, 12 
August 2016 and 02 December in season I to IV, respectively, then grown in aerobic conditions, 
not fertilized in season I, fertilized with NPK in seasons II and III and Hoagland’s solution in 
season IV. Measurements were made on the middle part of the last photosynthetically active 
leaf of the main tiller. Mean temperature and solar radiation intensity are indicated. Values 
followed by different letters indicate significant difference between varieties at 95% confidence 
interval (REGW-Q test). F and P values of the ANOVA are indicated. 
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Table S5.1. Means and pairwise comparisons of Eh, pH and Eh@pH7 in three growing seasons (II, III, IV) for two rice varieties (IRBLTA2Pi, 

Nerica4) at 59-60 DAS. Plants were sown 25 April 2016 in season II, 12 August 2016 in season III and 02 December in season IV, then grown in 

aerobic conditions (“upland” management), fertilized with NPK in seasons II to III and Hoagland’s solution in season IV. Measurements were 

made on the middle part of the last photosynthetically active leaf of the main tiller. Values followed by different letters indicate significant 

difference between seasons at 95% confidence interval (REGW-Q test). F and P values of the ANOVA are indicated. 

   
    Season     

Variety n Season II Season III Season IV F P 

Eh 
(mV) 

Nerica4 10 249.6 c 265.2 a 256.5 b 12.09 0.000 
IRBLTA-2Pi 10 264.1 a 276.8 a 267.2 a 3.08 0.063 

pH 
Nerica4 10 5.95 a 5.85 b 5.76 c 12.84 0.000 

IRBLTA-2Pi 10 6.24 a 6.17 a 5.89 b 37.57 <0.0001 

Eh@pH7 
(mV) 

Nerica4 10 186.4 b 196.4 a 182.1 b 6.39 0.006 

IRBLTA-2Pi 10 218.6 a 226.8 a 200.5 b 9.68 0.001 

Temperature 
(°C) 

Nerica4 10 29.71 a 29.25 a 29.43 a 0.69 0.511 

IRBLTA-2Pi 10 29.72 a 29.20 a 29.43 a 0.80 0.459 

Solar radiation 
(W/m2) 

Nerica4 10 68.91 a 28.44 b 38.13 b 12.25 0.000 

IRBLTA-2Pi 10 77.35 a 27.66 b 34.68 b 15.45 <0.0001 
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Table S5.2.  

Means and pairwise comparisons of Eh, pH and Eh@pH7 in two growing seasons (III, IV) for three rice varieties (Azucena, IRBLTA2Pi, Nerica4) 

at 39-40 DAS. Plants were sown 12 August 2016 in season III and 02 December in season IV, then grown in aerobic conditions, fertilized with 

NPK in season III and Hoagland’s solution in season IV. Measurements were made on the middle part of the last photosynthetically active leaf of 

the main tiller. Mean temperature and solar radiation intensity are indicated. Values followed by different letters indicate significant difference 

between varieties at 95% confidence interval (REGW-Q test). F and P values of the ANOVA are indicated. 

 

 

 

  

      Season     
Variety n Season III Season IV F P 

Eh 
(mV) 

Nerica4 20 237.6 b 243.6 a 4.10 0.050 
Azucena 20 250.8 a 252.3 a 0.25 0.621 
IRBLTA-2Pi 20 242.6 b 252.8 a 9.56 0.004 

pH 
Nerica4 20 6.18 b 6.44 a 55.61 <0.0001 
Azucena 20 6.06 b 6.50 a 100.26 <0.0001 
IRBLTA-2Pi 20 6.24 b 6.79 a 174.10 <0.0001 

Eh@pH7 
(mV) 

Nerica4 20 188.2 b 210.1 a 38.14 <0.0001 
Azucena 20 194.2 b 222.4 a 39.29 <0.0001 
IRBLTA-2Pi 20 198.1 b 241.0 a 112.49 <0.0001 

Temperature 
(°C) 

Nerica4 20 29.23 a 27.72 b 12.22 0.001 
Azucena 20 29.22 a 27.77 b 12.30 0.001 
IRBLTA-2Pi 20 29.21 a 27.70 b 11.91 0.001 

Solar radiation 
(W/m2) 

Nerica4 20 51.69 a 28.66 b 10.51 0.002 
Azucena 20 50.19 a 28.83 b 11.13 0.002 
IRBLTA-2Pi 20 51.25 a 29.63 b 10.32 0.003 
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Figure S1. Measurement of leaf Eh and pH in a field laboratory to prevent electromagnetic 
interference 
 

 


