
Chapter 8: Electroculture And Soil
Bacteria

Though we have already described several benefits of applying
electricity to soils and plants, many more benefits can be realized.
For example, the application of electricity to bacterial populations
naturally present in soils can drastically improve the rate that they
transform nutrients which are normally unavailable to plants into
more usable forms. This chapter will cover the effects of electricity
on microbes, and the potential benefits of doing so.

It is well known that the various forms of bacteria living in soil
provides a number of benefits for plants and soils alike. One form of
bacteria called Rhizobium lives in the roots of the nitrogen-fixing
plants (like peas and beans). While they start off with living in the
soil, at some point they attach themselves to plant roots and creates
swellings called nodules. From here, they go to work converting
gaseous nitrogen locked in the soil’s air-spaces into a mineralized
form that plants can absorb. Research into the effects of electricity
upon bacteria suggests the following:

Bacteria can be manipulated by electric fields.
Bacteria can be disseminated underground via electro-osmosis
and electrophoresis.
Electric fields increase bacterial metabolic activity.
Electric fields accelerate bacterial reproductive cycles.

Microbial Transport Effects
Charged particles which include microorganisms may be affected by
two processes:

Electro-osmosis



Electrophoresis

Electro-osmosis, if you remember from before, is the mechanism
that describes how water, in a porous environment, can be forced to
move or flow within an electric field. When water flows in this
manner, the movements of positively-charged microbes are also
affected, resulting in a net flow of water and microbes in the same
direction, towards the negative electrode.

Electrophoresis works in a similar manner and transports negatively
charged cells toward the system’s anode(-). As such, movement is
determined by the electrical charge characteristics of the particular
bacterial strain. Thus, the direction of bacterial movement can be
controlled by altering the electrical field and its polarity.

In electrical experiments performed by Suni et al.61, bacterial strains
were found to disperse faster when they move via electroosmotic
water flows toward the cathode. When comparing migration rates
across different soil types, it turns out that bacteria:

Flows fastest within fine sands (1.0 cm/h)
Flows at mid-speed in garden soils (0.6cm/h)
Flows slowest in clays (0.1cm/h)

Changes in Metabolic Activity
In addition to being used for moving microbes around a liquid
medium, electric fields have also been found to alter cellular
metabolism.

While a significant body of research covers the study of electric fields
on microbes, the effects of electrical stimulation can vary significantly
between helpful and harmful. This depends upon the type of bacteria
involved and the nature of the electrical stimuli. For example, in a
study of alternating current (AC) electric fields on Lactobacillus
acidophilus during fermentation, a frequency of 60Hz with high-
frequency harmonics present was found to cause a significant
increase in bacterial growth62. On the other hand, in a similar study



on AC fields, when the applied voltage is at a much higher level
(approximately 6kV or 6000 volts), the result was a decrease in the
bacterial population63. This realization has become key in the
deliberate sterilization of different forms of bacteria for use in food
processing and other industries64.

On a more positive front, a study from the Chinese Journal of
Applied Chemistry showed that the metabolic activity of Bacillus
subtilis in a low-voltage DC field was multiplied between 1.9 and 3.8
times over the control when exposed to extremely low amounts of
current (on the order of 45 microamps or so)65.

What are the mechanisms behind these effects?
While certainly more that could be learned, the mechanisms that
cause these effects are likely due to a good number of the following:

Increases in surface hydrophobicity
Changes in cell shape
Increases the number of surface extracellular substances
Increases the negative surface electrostatic charge
Increases cellular metabolism66

Increases cellular reproduction rate67

Other physiological changes from electrical or other
environmental stresses

While the mechanisms and effects are not necessarily well
understood, it is known that beneficial effects from electric fields are
realized within specific stimulation ranges or windows. It is for this
reason that more experimentation is needed in this area so we can
learn how to best achieve benefits from electrical stimulation on both
fronts: from the metabolic increases for beneficial strains, and from
the inhibition or inactivation of harmful strains, like E. coli.

It is worth noting that in lab tests where electricity is applied to soil,
any cell death that occurs may partially be due to electrolysis
reactions that occur on or near the electrodes. These reactions are



capable of generating chemical oxidants that could be harmful to
bacteria (e.g. chloride ions). Wang et. al. has even found that an
electrical current of more than 20 milliAmps can deform or destroy
bacterial cells. Later on, this will need to be kept in mind when it
comes to designing electroculture systems. In cases where high
voltage (in the 1000s of Volts) is applied, the induced currents in the
cells are capable of affecting the orientation of membrane lipids and
ultimately, cell vitality. They are even capable of directly oxidizing
portions of the cell itself68.

Enhanced Reproductive Activity
It has also been determined that electric fields can also increase the
number of microorganisms via enhancements in their reproduction
rate while also strengthening their activity. The benefit of these
changes is their ability to increase nutrient availability while
simultaneously building up organic matter in the soil69.

Stimulation of Aerobic Bacteria
It’s worth noting that electricity can induce responses on both
aerobic and anaerobic forms of bacteria. Based on the fact that
electrolysis reactions in wet soil create oxygen as a by-product, I
think that there would be a preferential acceleration of aerobic
bacteria. When aerobic bacteria are stimulated, it maximizes their
population compared to any anaerobic populations that are present
in the soil, thus increasing the plant’s ability to convert essential
nutrients into a form that is available for uptake. One example is
nitrogen. In nitrogen fixation, microbes convert gaseous nitrogen into
a form that can be used by plants. Under accelerated microbial
conditions, it is possible that greater amounts of gaseous or other
forms of nitrogen are able to enter the plant, thus adding to the
aforementioned benefits like greener leaves and increased growth70.

Summary



It can be easily seen that the use of externally-applied electric fields
in conjunction with traditional forms of fertilizer (either chemical or
organic) can be used to significantly reduce the amount of fertilizer
needed. Plants can typically only use a small amount of applied
fertilizer since it’s not in a form that’s readily available. Thus using
processes like electroculture can greatly improve fertilizing efficiency.
This can result in a significant reduction in the production cost of
agricultural activities. The simultaneous improvement of soil
conditions that comes about through the action of making larger soil
aggregates, increasing water retention and soil oxygenation is
another benefit that can be realized as well.

In the next chapter we’ll get into the details behind electricity’s role
upon the physiological make-up of plants.


