
Unlocking the Enigma of  Humic 
Substances Bioactivity: How Do 

Humic Substances Elicit a Beneficial 
Response in Plants???



Humic substances produce a modulated
stress (eustress) response in plants as a result of 

pro-oxidants and antioxidants in their chemical structures 
that react in concert and result in a physiological priming 

of the plant so that it is better 
able to handle other forms of stress.



Several Important Concepts Regarding HS and 
Response to Stress in Plants

1. Humic Substance Functional Groups
2. Plasma Membrane 
3. H+-ATPase
4. Reactive Oxygen Species/Antioxidants
5. Initial Metabolic Events in Plant Stress Response
6. Effect of extracellular electron acceptors

Evidence that Humic Substances Elicit the same 
Metabolic Events as Plant Stressors 

1. Presence of electron shuttles (quinones) in HS 
2. PM depolarization by HA
3. Increase Ca2+ flux leading to increase [Ca2+]cyt
4. Increase in titer of Ca2+-binding proteins
5. Increased H+-ATPase activity





• Two most important groups are;
- carboxylic acid groups (COOH)
- Phenolic hydroxyl groups (C-OH)
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Quinones

Quinones are redox active and can function as 
extracellular/intracellular electron acceptors 

Eh = -180 mVEh = -170 mV

Superoxide Hydrogen peroxide
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Three Types of H+ Pumps in Plant Cells. PM H+ ATPase extrudes H+ outside the cell generating a 
proton electrochemical gradient (-120 to -160 mV relative to the outside). 

Heven Sze et al. Plant Cell 1999;11:677-689

©1999 by American Society of Plant Biologists



ROS = Reactive Oxygen Species





ROS Talk
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Ferricyanide 
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Elicitation of initial STRESS RESPONSE in plants

[Ca2+]cyt6. 
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Extracellular Electron Acceptors Transmembrane Electron Transport

Quinones can undergo either 1- or 2- electron reductions



Evidence That Humic Substances Elicit 
the Same Metabolic Events as Plant Stressors

> PM electron flow

PM depolarization

> [Ca2+]cyt

> H+-ATPase activity

> ROS + antioxidant 
Production 

Result = Priming effect to enable plant to 
better withstand stress



Evidence that HS can act as electron acceptors

Primary source of electron transfer in HS is 
QUINONES

Oxidized Reduced

Free Radical

Pro-oxidant Antioxidant



Humic acid Free radical 
cont. (spins 

g-1)

NMHA 4.24 x 1017

BH HA 1.92 x 1017

UM HA 4.48 x 1017

BE HA 1.85 x 1017

NDL HA 4.21 x 1017

ORYX HA 1.18 x1017

OMNIA HA 1.87 x 1017

Humic acid EAC (mmol g-1) EDC (mmol g-1)

NM HA 2.54a 0.619de

BH HA 2.26bc 1.131b

UM HA 2.13c 0.594e

BE HA 2.48a 1.156b

NDL HA 2.38ab 0.753c

ORYX HA 1.70d 0.684d

OMNIA HA 1.61d 1.451a

VC 0.57e 0.620de

Free Radical Content and Electron Accepting
and Donating Capacities of Humic Acids 

From Different Ore Sources



Relationship between EAC/EDC and % Increase
in total fine root length (0 - 0.5 mm diam.)

over control 

y = 3.0553ln(x) - 13.303
R² = 0.8963
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-137 mv-225 mv

Effect of quinone redox potential on rate of ferrihydrite reduction by 
Geobacter metallireducens.
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PM Depolarization by Humic Acid







Humic Substances

Humic Substances mimic the activation of 
H+-ATPase activity of Auxin 





Bromocresol Purple Assay to 
Detect H+-ATPase Activity

Purple = pH > pH6 Yellow = pH < pH 6



Effect of humic acids (20 mg C L-1) and IAA (auxin) on the activities of
Maize PM H+-ATPase and tonoplast H+-ATPase and H+-PPase 



Conclusions

* The initial metabolic responses of plants to HS are identical to those in plants experiencing stress.

* It is the intensity of the stress that governs whether the response will result in eustress (beneficial 
stress) or reduced plant health and possibly death.

* Quinones in HS can act as electron shuttles and may be one of the agents responsible for elicitation of 
a of mild stress response in plants in concert with antioxidant phenolic hydroxyls. 

* Quinones can act as extracellular electron acceptors for enzymes (e.g., NADPH oxidases) involved in 
transmembrane electron transport.

* Therefore, quinones in HS can most likely also initiate transmembrane electron transport in plant cells 
resulting in a eustress response.

* Strong correlation between EAC/EDC (i.e., pro-oxidant/antioxidant) in a number of diverse  HA and 
stimulation of plant fine root growth supports the HA quinone electron shuttle theory.
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