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Abstract

The effects of electromagnetic and electrostatic fields on tomato plants (in potted and hydroponic
culture) were investigated. The broad-band, noisy character continuous spectrum electromagnetic
field (with an intensity from 20 to 500 V/m, frequency from 1 Hz to 30 MHz) and electrostatic field
(with an intensity of 2,2 to 46,5 kV/m) used in the experiments stimulated the tomato yield, height
and biomass of plants. The differences in the character of the electromagnetic and electrostatic
fields were reflected in the various optimal intensities for tomato yield, height and biomass of plants.
Characteristic reactions of tomato plants to the electrostatic and electromagnetic fields were also
found. The electromagnetic field had a greater effect on tomato yield in the case of plants cultivated
in post in comparison with plants cultivated in hydroponic cultures. Electromagnetic and electro-
static fields with specific parameters may by used for growth stimulation of plants cultivated in
greenhous.

INTRODUCTION

Information about experiments on the effects of electric energy on the growth
and development of plants was becoming available concomitantly with the spread-
ing of the science of electricity in the 18 th century. Thompkins etal. (1975)
gave a detailed description of the now historical studies of various experimentors
and professional researchers.

The first observations on the effect of natural electromagnetic fields on plants
were made by Le m s tr 6 m (1904). This researcher showed that the lush
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the electromagnetic radiation during the northern lights and not by the length of
the summer day as had been thought to then. He found that the annual growth
rings of pine trees correlated with the periods of high nortern lights and sun spot
activities. According to L u nd (1947) the intensity of natural electromagnetic
fields is too low to affect the metabolism of plants, whereas Burr (1975) found
after many year-long studies that there is a dependence between the electrical
potentials of trees and the electromagnetic activity of the external environment.
He discovered strict correlations between the activity of sun spots, geomagnetic
activity, moon cycles and the 27-day-long earth’s cycles discovered by him and
the electrical potentials of trees.

The natural electromagnetic environment of the earth encompasses a wide
range of radiation from constant electric and magnetic fields to high energy iomz-
ing radiation with frequencies of 10%*Hz. Atmospheric radio noises also belong
to the natural phenomena in the earth’s atmosphere, being one of the many effects
of storm discharges. Solar electromagnetic and cosmic radiation of specific fre-
quency ranges are also considered to be noise.

The combined effects of all of the natural electromagnetic phenomena in the
atmosphere give a broad-band continuous spectrum (Rotkiewicz, 1978).

The effect of electromagnetic radiation of radio frequencies from 3 x 10°to
3 x 10'2Hz on plants has not been understood well yet. The studies done to date
have been limited to the choice of specific frequencies: Miller etal. (1976,
1980, 1983), Murr (1966) to the frequency of 60 Hz, Nos ol (1984) to 50 Hz.
Preliminary studies on the effect of broad-band electromagnetic fields of a noisy
nature and continuous spectrum in the range of radio waves on ecological popula-
tions of Lemna minor L. Wiewidérka, 1986) and Ricciocarpus natans and
Riccia flutans (Sarosiek and Wiewidrka, 1986) have shown that this
factor has a significant effect on the growth and development of plants.

On the other hand, studies on the effect of electrostatic fields on plants are
well known. A significant effect of electrostatic fields on the morphogenesis of
plants and changes of the polarity of ions inside plants has been found. The roots
of plants bend in the direction of the anode when they are in an electrostatic filed
(Brooks, 1941;Lund, 1947). Many studies have been devoted to the effects
of electrostatic fields on the seeds of many species of plants. Dgbrowski
(1981), Mathes etal. (1969),Shapovalov (1979) have demonstrated the
stimulating effect of an electrostatic field (in a specified range of parameters of
this field) on germination ability and increase of yields.

Manipulation with electric fields makes it possible to take adventage of the
properties of cell membranes to create new types of cells with new traits
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(Zimmermann etal, 1981).

The results of studies of the effects of electromagnetic and electrostatic fields
on plants are rather ambiguous, and in some cases, even contradictory in the
assessment of their effect. The vagueness and methodological shortcomings which
can be found in reports on this subject make it difficult or even impossible to
compare their results.

This study has undertaken to compare the effect of an electromagnetic field of
a noisy character, broad-band and continuous spectrum, and for comparison, of
and electrostatic field on the development and yield of tomatoes. In addition, it is
discussed whether the differences in the effects of the electromagnetic and elec-
trostatic fields concern only the effectivity of the reaction or if there are reactions
characteristic to each of the fields. The question if the eventual stimulatory effects
of the fields can be made of use in horticulture is also raised.

MATERIALS AND METHODS

The experiment was conducted in the greenhouse of the Wroclaw University
Botanical Garden in three variants:

a) tomatoes grown in hydroponic culture were subjected to an electromag-

netic field,
b) tomatoes grown in hydroponic culture were subjected to an electrostatic
field,

¢) tomatoes grown in pots were subjected to an electromagnetic field.

Tomato seedlings of an average height of 16,5 cm were planted on June 24 in
hydroponic containers and pots. In the hydroponic variant, two-part hydroponic
containers were used accordingto Gumifiska etal (1975). The lining was
made from a mixture of peat with brown coal from Turoszéw. The volume ratio
of peat to coal was 2 : 1. The pH of the medium was maintained at approximately
6,5 by adding sulfuric acid or sodium hydroxide as needed. The level of the me-
dium was maintained at an appropriate level throughout the experiment. In the
potted variant the plants were planted in 32 cm diameter pots filled with a mixture
of the following composition: 3 parts of hotbed soil, 3 parts dung soil, 2 parts
peat, 1 part sand. The plants in this variant were watered with tap water through-
out the experiment. The experiment was conducted in 6 repetitions.

The following equipment was used to generate the electric fields:

a) the source of the constant voltage was a 220 V line voltage tripler con-
structed according toP aw 1 o w s ki (1980). The output voltage was 930 V. The
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measured voltage of the hum of frequency of 50 Hz and of the nearest harmonic
oscillation can be neglected in comparison with the output voltage of the feeder
cable due to applying peak rectification and the high effective resistance of the
load. The internal electric resistance of the feeder cable was 1 M, which protected
from electric shock during work in case of accidental touching of live parts of the
feeder cable. This type of feeder was also chosen because of the simplicity of its
construction, ease in assembling it, availability of parts and reliability.

b) a broad-band alternating current generator with a continuous spectrum and
noisy character. The electromagnetic field with a noisy character, continuous
spectrum and broad-band was obtained using a broad-band alternating current
generator with a continuous spectrum and noisy character (Pawtows ki,
1980). The spectrum of the frequency of the output voltage of the system was
measured with a Bruel & Kjaer type 21-20 Frequency Analyser and equaled from
1 Hz to 30 MHz. The resultant effective voltage of the noise was 9 V. A broad-
band digital voltmeter, the type 24-27 Autoranging Digital Voltmeter from Bruel
& Kjaer was used to measure this value. The calibration of this voltmeter for
measuring noise was checked with a standard noise generator. The equipment
and all of the measurements were made with the help and under the direction of
a team from the Design Office of the Research and Development of Broadcasting
Receptin of the .Diora” Radio Works in Dierzoniéw.

c¢) arrangement of electrodes. The upper electrode was made using an isolated
copper wire streched over a wooden frame measuring 100 x 300 cm. The wire
was fastened to pegs as shown on Figs. 1 and 2. This method guarantees that the
electrode acts like a uniform metal sheet and fulfills at the same time a very
important condition of the experiment, that is, does not limit the access of light.
The construction of the electrode with a low inductance, according to the above
diagram permits the uniform distribution of the electric field, especially along the
long axis where the studied cultures were placed. This is especially important at
the highest frequencies of the radiated band in the experiments with the electro-
magnetic field. In order to provide identical experimental conditiond, identical
upper electrodes were used in the experiments with the electrostatic and electro-
magnetic fields and in the control samples, except that in the latter case, a string
with the same cross section as the wire was used. In all of the experiments the
lower electrode was a metal plate. The electrodes were connected by the shortest
possible wires to the appropriate radiation generators. The pots with the studied
plants or the hydroponic containers were placed in the electrostatic field of the
condensor which, as one of its covers had the upper electrode placed above the
plants, and the other was a grounded metal plate under the pots or hydroponic
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containers (lower electrode). The upper electrode was connected to the positive
pole of the direct current generator. The negative pole of the feeder was grounded
(Fig. 1).

In the variant with the electromagnetic field the plants were placed in the field
of an electromagnetic condensor made as above with an upper electrode and
grounded lower electrode. The electrodes were connected to the appropriate ter-
minals of an alternating current generator as shown on Fig. 2.

UPPER ELECTRODE

////'W/,ﬂ

1/

T

D / :‘-4 ?' ‘ ‘
O NOISE . e \'\",1; “ \‘\. <
5 GeneraTor URER p -/ = “ L O
/ U U
= LOWER ELECTRODE
Fig. 1. Electrical configuration in the experiment with the electrostatic field
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Fig. 2. Electrical configuration in yhe experiment with the clectromagnetic field

The intensities of the electromagnetic and electrostatic fields were differenti-
ated as follows: 23,8; 83,3 and 500 V/m and 2,2; 7,7 and 46,5 kV/m, respectively.
The determination of the distribution of an electric field in a natural environ-
ment is, generally speaking, a complicated problem. That is why in this study it
was attempted to use an emmission system allowing the intensity of the emitted

electric field to be determined in the simplest way possible. In trying to achieve
the highest uniformity of the field, the system of flat electrodes described above

was used and the intensity of the field was calculated using the following formula:
E=U where:
E - the intensity of the electric field, d
— the voltage between the covers of the flat condensor,
d — the distance between the upper electrode and the tip of the plant
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RESULTS

The influence of electromagnetic and electrostatic fields on the studied plants
was evaluated on the basis of their biological effect,manifested in the differences
between the tested and control plants in how rapidly they fruits appeared, dry
weight of the plants, their height and weight of the fruits.

In experiments on Lemna minor L. (Wiewi6rka, 1986) and on Ricciocarpus
natans and Riccia flutans (Sarosiek, Wiewidrka, 1986) the exposition
doses, threshold intensities of the electromagnetic field, 20 V/m and 2 kV/m of
the electrostatic field, were established. Fields having lesser intensities did not
evoke any growth reactions.

The first flower developed after 31 days in the electrostatic field of the lowest
intensity. After an additional week the greatest number of flowering plants was in
the variant subjected to the electromagnetic field in potted culture. The control
plants in both potted and hydroponic culture developed more slowly. After yet
another week, all of the plants an the potted culture, both those subjected to the
electromagnetic field as well as the controls, were flowering. Fewer plants bloomed
in hydroponic culture subjected to the electrostatic and electromagnetic fields as
well as controls.

The plants in potted culture subjected to the electromagnetic fields began to
develop fruit earlier. The control plants in potted culture also began to develop
fruit earlier than the hydroponic controls. The plants in hydroponic culture sub-
Jected to the electrostatic field had more fruits starting to develop when compared
to the same stage of plants subjected to the electromagnetic field in hydroponic
culture.

The electromagnetic field showed a greater effect on the yield of tomatoes in
potted culture than on that of tomatoes in hydroponic culture. The lowest applied
intensity of the electromagnetic field (20 V/m) gave the greatest increase in yield
both in potted culture (by 54 %) and in hydroponic culture (by 15 %). The stron-
gest electromagnetic field (500 V/m) had a limiting effect on the increase in fruc-
tification, height of plants and fresh and dry weight of the plants in potted culture
(Tables 1, 2, 3 and 4). However, the highest dry weight in potted culture was
found at this field intensity (19 %). Table 6 contains data on the number of small,
unripe fruit which were not allowed to mature because it was necessary to quickly
terminate the experiment. The number of fruits in potted and hydroponic cultures
differed only slightly (Table 5). The greatest stimulation in the electrostatic field
was found with the strongest field, 46,5 kV/m. The plants gave the highest yield
(by 16 %) and the greatest fresh weight (also greater by 16 %) in this field, while
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distinctly having the lowest dry weight (Tables 1, 3 and 4). Variation of the inten-
sity of the electrostatic field showed only an insignificant effect on the height of
the plants and the number of fruits (Tables 2 and 5).

Table 1
The influence of electric fields on the yield of tomatoes

Yield (g)
Electrmagnetic field Electrostatic field
Intensity Hydroponic Potted Intensity Hydroponic
V/m culture culture kV/m culture
Control 1318,7 1260,1 Control 13187
238 1516.5 1950,6 2.2 13237
833 1417,6 17956 7.7 1481,6
500,0 1374,0 1750,0 46,5 1542,0
Mean 1406,7 1689,0 Mean 14163
LSDo.os 40,7 313 LSD 0,08 379
Table 2
The influence of electric fields on the height of plants
Height (cm)
Electromagnetic field Electostatic field
Intensity Hydroponic Potted Intensity Hydroponic
V/m culture culture kV/m culture
Control 89.3 88.3 Control 893
2338 1112 100.0 22 96.8
833 95.6 102.0 7.7 98.1
500.0 1043 98.8 46,5 97.0
Mean 101.1 972 Mean 95.3
LSD 0.05 4,7 - LSD 0.0s 2,6
Table 3

The influence of electric fields on biomass

Biomass (g)
Electromagnetic field Electrostatic fields
Intensity Hydroponic Potted Intensity Hydroponic
V/m culture culture kV/m culture
Control 1808 2503 Control 180.%
238 224.8 254.8 22 206.7
838 2195 256.5 7.7 195.0
500.0 2146 2528 46.5 2113
Mecan 209.9 253.6 Mean 198.4
LSDo.0s 7,1 N.S. LSD o005 R2
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Table 4

The influence of electric fields on dry weight

Dry weight (g)

Electromagnetic field

Electrostatic field

Intensity Hydroponic Pottted Intensity Hydroponic
V/m culture culture kV/m culture
Control 313 359 Control 31,1
23,8 372 39.7 22 383
833 350 40.0 7.7 327
500,0 322 46,0 46.5 31.1
Mean 33,8 404 Mean 333
LSDo.os 1,1 1.1 LSD 0.0s 0.6
Table 5
The influence of electric fields on the number of fruits
Number of fruits (n)
Electromagnetic field Electrostatic field
Intensity Hydroponic Potted Intensity Hydroponic
V/m culture culture kV/m culture
Control 78 8,1 Control 78
238 7,6 8,5 22 10.3
833 9,5 93 N 10,1
500,0 10,1 9.8 46,5 10.5
Mean 8,7 8.9 Mean 9.6
LSDo0.0s 0,9 0.7 LSD o0.0s N.S.
Table 6
The influence of electric fields on the unripe of fruits
Number of unripe fruits (n)
Electromagnetic field Electrostatic field
Intensity Hydroponic Potted Intensity Hydroponic
V/m culture culture kV/m culture
Control 8.5 1.8 Control 8.5
238 8,5 40 22 103
833 9.5 53 1.7 113
500,0 10,1 5.1 46,5 10,6
Mean 9.1 4.0 Mean 10,1
LSDoos 0.8 N.S. LSD 005 0.8
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Qualitative changes were also found to have occurred under the influence of
the applied electric fields. The surface of the leaves of plants subjected to the
electromagnetic field was greater in comparision with the controls, while in the
electrostatic field it was reduced and the leaves were distinctly more lobed than
the controls. The green color of the plants subjected to the electrostatic field was
significantly darker than that of the controls and plants subjected to the electro-
magnetic field.

DISCUSSION

The conducting of such experiments on tomato plants is substantiated by the
fact that from the biological point of view, the factor acting on a plant is an
electromagnetic or electrostatic field which induces changes in the electrical pro-
cesses occurring in biological systems. The reactions of plants on an individual
level are the manifestations of this factor’s actions. Such manifestations were also
found in this study.

The growth reactions of plants to electric fields are related to the active flow
of an electric current through a plant. According to Murr (1966), the flow of
a current of 10" ' A/cm? does not cause measureable physiological reactions of
plants. A current of 10°"°— 10"° A/cm? stimulates plant growth, which is con-
firmed by the results of this study. At the same time, a current of 10 *~ 10 °A/cm?
inhibits plant growth and causes reduction of dry weight. A current over
10 'A/cm? damages leaves and plants.

The average value of a natural electric field ranges from 100 to 130 V/m
(Feynman, 1971). Free electric charges (ions) are found in the air. These
charges arise due to the ionization of the gaseous atmosphere by cosmic radia-
tion. Ions of significantly greater diameters are the effects of atmospheric pollu-
tion. Due to the action of the electric field, the above-mentioned ions are in
motion thereby creating an electric current reaching the earth. The measured
intensity of this current is very small, only from 3 to 10 x 10" A/cm?. In the
experiments carried out in this study, an electrostatic field with three intensities
from 2,2 to 46,5 kV/m, was used. The greatest achieved current density between
the electrodes was 450 times greater than the current density in a natural electric
field of 100 V/m and equalled (1,39-4,65) 10 A/cm?2.

Developmental disturbances, especially growth inhibition, or even its stimu-
lation in low intensity electric fields, can occur due to changes in the system of
growth regulators. Bratton etaly (1977) and Morris (1980) have
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demonstrated that electric fields do affect the transport and distribution of growth
hormones in tomatoes. According to Bratton, an increase in an electric current
over the values of the natural currents of a plant may selectively change the level
of [AA and proxidase in tomato tissues. These same authors report that nonioniz-
ing radiation stimulates the formation of free radicals, just as in the case of ioniz-
ing radiation. Miller et al. (1976) did not find any abnormalities in chromatin
after constant exposition of plants to a low frequency, 75 Hz and 10 V/m, electro-
magnetic field. Damage to plants in the form of diseased leaves, chlorosis or
growth inhibition occurs in electromagnetic fields of an intensity from 0,2 to 0,5 x
x 10°kV/m and frequency of 60 Hz, while the same is found in an electrostatic
field of an intensity of 100 kV/m M urr, 1963, 1966).

The qualitative and quantitative changes obtained in the tomato plants in this
experiment are probably the effects of changes in their morphogenesis. The vari-
ous speeds in which flowering and fruiting occurred in plants subjected to electric
fields support the conclusion set forth above. It cannot be ruled out that the long
exposition of the plants may have caused chromatin abnormalities, thus the changes
in the shapes of the leaves of the plants in the electrostatic field or the increased
leaf surface of the plants in the electromagnetic field.

When looking for analogies in the mechanism by which both of these types
of fields act on plants one should first of all take into consideration the same
energetic effects which can stimulate or inhibit specific metabolic processes. The
electrodes were fixed at the same heights when the intensities of the electrostatic
and electromagnetic fields were increased. The broad-band, continuous spectrum
and noisy in nature electromagnetic field is undoubtedly a more effective factor
than the electrostatic field. The greatest increase in the weight of fruits, which are
the basic object of tomato cultivation, was achieved at the lowest value of the
electromagnetic field (Table 1).

The electric fields used in the experiment had a greater effect on the yield of
plants in potted culture than in hydroponic culture. The differences are probably
due to the different effects of the fields on the medium in which the plants were
grown. A solid substrate or soil behaves differently in an electric field that does
a hydroponic liquid medium. In an electrostatic field due to conductivity, part of
the ions move, depending on their sign, in the direction of the appropriate elec-
trode. In an electromagnetic field, however, a medium with a high ion content
will behave like an electrical conductor. Such effects may change the nutritional
circumstances of a plant.

The plants were sprayed once during the experiment: this is a routine proce-
dure carried out for the protection of plants in all greenhouses. It should, however
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be emphasized that during the experiment exceptionally small numbers of the
pest, whitefly Aleyrodidae, typical for these plants, were found on the tomatoes.
The electric fields probably had an unfavorable influence on the development of
this insect.

It seems that the results of this study are favorable enought to warrant their
use in stimulating tomato growth, especially since no additional fertilization was
used.

CONCLUSIONS

1. Electrostatic fields from 2,2 to 46,5 kV/m and broad-band electromagnetic
fields of an intensity from 20 to 500 V/m are significant factors whose effectivity
dependent on intensity is manifested in growth reactions of tomatoes. Changes in
the intensities of the electrostatic and electromagnetic fields are accompanied by
changes in the yield of plants, their height, biomass and number of fruits.

2. The different optimal intensities of the electrostatic and electromagnetic
fields inducing maximal yield stimulation as well as plant height and biomass
production point to different mechanisms of their action.

3. Specific reactions of tomato plants to electrostatic and electromagnetic fields
have been found. In electromagnetic fields the leaf surface is increased, while in
electrostatic fields the leaves are highly lobed and have sharp contures and are
very intensely green.

4. Electrostatic and electromagnetic fields of specified parameters can be used
to stimulate the growth of plants under greenhouse conditions.
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Wptyw pola elektromagnetycznego i elektrostatycznego na rozwdj
i plon pomidoréw szklarniowych

Streszczenie

Przedstawiono wyniki badai nad wptywem pél elektrycznych: elektromagnetycznego i elektrostatycznego
na pomidory w uprawie wazonowej i uprawie hydroponicznej. Stosowane w dos§wiadczeniu szerokopasniowe
pole elektromagnetyczne o charakterze szumowym i widmie ciaglym o czgstotdiwosci od 1 do 30 MHz 1 natezeniu
od 20 do 500 V/m oraz pole elektrostatyczne o natgzeniu od 2,2 do 46.5 kV/m wplywa stymulujaco na plonowanie
pomidoréw, ich wzrost i biomasg¢. Réznice w naturze pola elektrostatycznego 1 elektromagnetycznego
odzwierciedlaja si¢ w réznym natgzeniu optymalnym dla plonowania ponidoréw, ich wzrostu, czy biomasy.
Stwierdzono reakcje swoiste pomidoréw na pole elektrostatyczne 1 elektromagnetyczne. W polu elektrostatycznym
powierzchnia lisci jest pomniejszona, barwa roslin jest ciemnozielona. a ksztalt lisci ostry. W polu
elektromagnetycznym powierzchnia liéci jest wyraznie powigkszona w poréwnaniu z kontrola. Pole
elektromagnetyczne korzystniej wplywa na plonowanie pomidoréw w uprawie wazonowej niz w uprawic
hydroponicznej. Pole elektrostatyczne i elektromagnetyczne o okreslonych parametrach moze byc
wykorzystywane do stymulacji wzrostu roslin w uprawie szklarniowej.
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