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Literature review from scattered articles
20 disciplines, 800 articles => 8 000 nowadays
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Simple conceptual framework:
Dynamic sustainment of Eh (electrons) and pH (protons) 
homeostasis is a key to soil and plant health
• The various plant parts constitute different Eh-pH niches, with temporal 

variations, related to plant genotype
• Pests and pathogens thrive in specific Eh-pH niches

• Environmental (abiotic and biotic) stresses alter Eh-pH in the plant 
compartments

• Plants become susceptible to pest and pathogen attacks if their 
compartments are subjected to imbalanced Eh-pH conditions with 
specific Eh-pH values for each pest or pathogen to thrive
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• The various plant parts constitute different Eh-pH niches, with temporal 
variations, related to plant genotype

Leaves are more acidic and reduced (photosynthesis) than roots

Phloem: Alkaline 
(pH 7.5-8.5) and 
reduced, strongly 
buffered
Xylem: More acidic 
(5-6) and less 
reduced, less 
buffered (influence 
of soil)
Apoplast: Very low 
buffering, acidic 
and highest Eh
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• Pests and pathogens thrive 
in specific Eh-pH niches

• Plants become susceptible to 
pest and pathogen attacks if 
their compartments are 
subjected to imbalanced Eh-
pH conditions with specific 
Eh-pH values for each pest or 
pathogen to thrive
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Edaphic stresses

• Environmental 
(abiotic and biotic) 
stresses alter Eh-pH 
in the plant 
compartments
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Low photosynthesis: cloudy sky, 
extreme temperatures, drought, 

shadow, nutrient deficiencies, 
toxicities (heavy metals, pesticides)

Aerobic, dry, oxidized soils 
low organic matter

Compacted, 
waterlogged, 

inundated soils

Plants on compacted soil

Com
pacted soils



Measuring plant stress to design and steer agroecological systems

Necrotrophic

Biotrophic

Insects

Viruses

BacteriaOomycetes

Fungi

Eh 
(mV)

500

300

200

100

400

0

600

pH
75 6 843 9 10

pe=7

pe=3.5

pe=0

pe+pH=7

pe+pH=10.5

pe+pH=14
pe=10.5

Roots

Shoots

Roots

Shoots

Stressed plants

Healthy plants
Balanced
phloem

Balanced xylem

Balanced apoplast

Conventional systems: 

Control of pests and pathogens through 

overoxidation

Agroecology: 

Preventing attacks through 

sustainment of Eh-pH 

homeostasis
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Substitution 
(“-cides” 
approach)

Redesign
Change in  
paradigm

Healthy soils 
to get 
healthy 
plants
Healthy soils 
relies on 
healthy plants 
(C&Energy)
Sustainability 
requires high 
production
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The need to measure: 

Assessing plant stress level : Eh-pH as indicators

Assessing the impact of cropping practices/systems

ÞAdjustment of cropping practices, products, treatments, etc.

Þ Steering cropping practices, evaluate the risk of pest or 
disease attack, nutrition balance and need for adjustment

ÞRedesign of cropping systems
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The difficulties in measurement: 

Electrochemical methods

ÞWhen mastered, time 
consuming, laborious. 

Hardly applicable in farm condition

ÞDifficult to replicate: differences 
between equipment, electrode 
aging, electromagnetic 
perturbations, high variability, etc.
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The difficulties in measurement: 

Next generation: Portable Near Infra-
Red Spectrometry + AI (Deep-Learning)

ÞNeeds calibration. Done for 
wheat and rapeseed, under 
development for other crops 
(Senseen, Ver de Terre 
Production, multiple partners)

Þ Fast (Eh-pH-EC in a few seconds), 
accurate, cheap
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Assessing the impact of cropping practices/systems

Wheat leaves Eh as a 
function of N fertilization.
Metsulfuron-methyle and 
thifensulfuron-méthyle on 
13/04

Testing products before large scale application

Opening new avenues for agroecology
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We had no 
map and no 
compass!

Thanks for your attention!

We have a 
first map and 
will soon get 
a GPS!


