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INTRODUCTION

he paper discusses the probable mechanisms that
bring forth these changes.

T

ELECTROCULTURE

Applied electric field can accelerate or inhibit the growth
of higher plants. The spacial and temporal development of
biological system is accompanied by characteristic patterns
of endogenous current and field [1-5]. Therefore, either
suppression of endogencous current [6—7] or artificial
application of electric currents [8—11] would alter the
natural course of development. Constant electric current
and field can polarize plant cells and control the direction
and rate of their growth [10-16].

Studies on the electrical stimulation of plants have
been undertaken since 18th century [1-19]. Maximum
effect in enhancing growth has been reported when a
current of about 50 pA per plant was passed [20,21].
No appreciable [22] and negative results [23,24] due to
electric field were also reported. Decreasing effects of
applied electric field on the elemental level (Fe, Zn, Al,
Ca, Mg, Mn) and possible mechanisms have also been
reported [25—29]. Ozone appeared (0.01 ppm) in the air
when a critical current of 2 x107 A per plant tip was
reached [30].

IONOCULTURE (AIR IONS)

Significant biological changes were induced by applied
ficlds or by direct administration of air ions [31]. Ions
are the principal mediating agent in electroculture [32,33].
Ions of either sign could accelerate growth of plants.
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The normal levels of air ions, such as H™, 07, OH~, COy, CO; etc. in the atmosphere at the ground level
varies from 1000 to 5000 per ml. The concentration below the normal has been found to lower the growth rate
of the plants. Air ions of either sign, when produced at the rate of 9.5 x10° ions per ml.s in air and air anion
current of 4 pA.cm~' has been found to influence the plant growth. This review discusses the evidences for
these influences and the probable mechanisms that bring forth these changes.

The normal concentration of small air ions in normal
air is about 1000—5000 ions. But because of rapid
recombination mechanisms, the upper practical limit
inducible by external means is about 10° ions.ml-!.
Even such small concentrations (air contains about 2.7
x10'? molecules.ml~!) can affect physiological processes
of higher plants. The small air ions readily unite with
nuclei and pollutants in air to form large ions (high mass
per charge) which have only relatively small effects on
organisms. The dominant positive small ions in air are
present as the hydrated forms of H* or as the negative
ions O, , OH~, CO5 and CO, with possible contribution
of ON~. The possible ionic reactions are [34].

CO3 + OFf == O3
O3 + H,0 =— H*
N; + Oy = OF
O; + H,0 == OH~
CO; => O~ + CO
O~ + CO, = COj3

The release of indole acetic acid paralleled the effect
of positive ions, especially COJ [35]. The effect of
added positive and negative air ions on the growth of
oat seedlings (Avena sativa) showed that ions of either
sign could accelerate growth of plants [36]. In subsequent
years [37] similar effects for oats and barley were reported
and found out that an increase of 30% to 60% in dry
weight could be obtained. Effects of air ions on RNAase
activity in green barley leaves (Hordeum vulgaris) have been
studied [38]. Development of Fe-chlorosis in barley grown
in Fe-free nutrient solution was seen to be accelerated
by the air ions of either charge [38]. It has been shown
that O; or OF stimulated the production of cytochrome
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C and Fe- containing enzyme [34]. Air ions increased
the O, consumption and decreased the concentration of
RNAase [39].

Direct correlation between the effect of positive and
negative air ions upon the light induced swelling and dark
induced shrinking in the isolated spinach chloroplasts has
been observed [40]. A strong correlation between the
concentration of small air ions and the germination rate
of uredospores of Puccinia striiformis, the casual agent of
stripe rust of wheat and growth in the annual, Exacum
affine (percian violet), as well as in seedling geraniums,
when exposed to a mild current of air anions of 4 pA.cm™2
has been observed [19].

When air ions of either signs were produced at a rate of
9.5 x10° jons.ml~! in air above the seedlings, there was
delay in the emergence of shoots in Brassica nigra; but an
acceleration in shoot length by fifth day than control was
also observed [42]. Air ion depletion to lower than normal
levels resulted in lower growth rates [43].

MECHANISM

It has been suggested that the air ions in some way
enhance or guide synthesis of cytochrome C and other Fe-
containing enzymes. It is suggested that the distribution of
iron among various metabolite pathways is then affected
by ions of either charge, by the action of ions upon
certain ‘governors’ of the iron distribution pathways in
the mitrochondria and chloroplasts. These yet unknown
‘pathway governors’ are then the site of the more important
action of air ions upon growth pattern. It has been
pointed out that it seemed reasonable then to ascribe
the effect of the applied field to mechanisms involving
the metalloenzymes. An excellent detailed review and
discussion concerned with the effect of air ions has
appeared [31]. It has also been observed that air ions play
a large role, but other factors such as ozone and nitrogen
oxides, humidity and air pollutants can be expected to affect
the results.

Ion uptake is an electric phenomenon and must involve
current flow [44]. Conservative patterns of electrical
current flow have been described [45—47] with active
transport distally driving passive inflow of current into
the root tip. Both transport mechanisms could be
altered by the superposition of electric current upon
the accumulation system [12]. It is hypothesized that
electric fields were active in bringing about redistributions
of auxin [48]. It is also said that extrinsic current
might interfere with endogenous auxin or giberrelin

the auxin hypothesis [11]. Auxin or IAA is known to be
connected to bioelectric phenomena in plants [12,49-51]
and K/Na selectivity in ion uptake [52]. The inhibition of
the polar transport of IAA abolishes the current induced
enhancement of growth and organogenesis inplant tissue
cultures [53] which tends to confirm the above mentioned
conjecture.

Ionoculture is a fairly new field new field of study.
Knowledge of this would help to increase agricultural
production.
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