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ABSTRACT
When garden cress was exposed to either positive or negative air ions there was
a net iicrease in the rate^of growth, and an appareniperiodiciry, coincident
rvith lunar phases. in the srowth differences between the ion-treated and the
control plants, A mechanism is suggested whereby lunar and other geophysical
factors influence plant growth and other biotic phenomena,

INTRODUCTION
For 200I or ovel IUU yeals tnele has been SPeculatlon and SuPPort tof tne rdea tnat
electricity, both current and atmospheric, affects plant growth. The early
Iiterature on this subiect was reviewed by Blackman (1), Dorchester (7), and

been speculation and for the idea thatthere has

Krueger et dl. (8).
Krueger and his associates (8) showed that air ions of either positive or

negative polarity significantly stimulate plant growth and recently (9, 10, 11)
they studied the mechanics of these phenomena.

Most previous experiments establishing that air ions stimulate plant growth
were done over relatively short periods and without comparisons of growth
differences during lunar or annual periods.

This paper records the effect of air ions on the growth of garden cress,
Lepidium satiw.tm L. in experiments covering a three-year period.

METHODS
In all, 130 tests were made andtn all, IJU tests were made and ln eacn separate test l) seeds ol corTunon garden
cress, Lepidium satitrum L., were placed approximately 2 cm apart on each of

in each separate t) seeds of common garden

two growth pads. One pad was treated with air ions, the other served as the
control. The pads were 17 X 15-cm wooden frames to which was stapled
32-mesh nylon screening. They floated on 1,500 ml of distilled water con-
tained in 17 x 17 x 8-cm lucite boxes. Surface tension held the screen in
contact with the water. Constant light was provided by four, 117-cm long,
40-watt, cool white, rapid-start, fluorescent tubes suspended 40 cm above the
growth pads. The growth pads were placed at either end of a revolving
( 1 rpm) turntable so as to overcome position effects such as variations in light
intensity and chance magnetic influence. Air ions of selected polarity, pro-
duced by a small tritium ion generator, arrived at the center of the test growth
pad at a rate to produce an ion current of 1.8 x 10-n amps. The growth period
was 5 days at22 L loC and a new test was begun each week frorn September,
1963 to April. 1966. Growth in each test was measured in terms of the mean
lensth in millimeters between the apex of the longest terminal leaf and the
jun"ction between stem and root of ti'rc 25 plants in"each pad. Fresh distilled
water without nutrients was used in each test.

RESULTS
No ion-produced effects on germination were observed, and most seeds germi-
nated and showed good growth r.vithin 24 hr. Growth continued over the
5-day experimental -period's, with both positive and negative ion-treated plants
showing a mean increase in growth over that of the controls.
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September 19671 MAW-AIR ION INFLUENCE ON GROWTH

FIc. 2. Maximum growth periods for Lepidium siltivuTtt exposcd to negative ions (dots)
and controls (squares) in relation to lunar phases.

The mean length of cress which had been subjected to negative ions in
108 tests was 20.1 mm (standard deviation 2.84), rvhile the mean length of the
controls r'r'as 18.5 mm (standard deviation 2.92). This was significantly different,
with P < 0.01 (r-test). The plants that r,vere subjected to positive ions showed
a mean growth slightly but not significantly (P > 0.05) greater than their
paired controls (19.7 vs. 19.0 mm).

. 
The stimulating. effect upon plant gro'"vth of an atmosphere eruiched with

positive or negative ions is not in itself unique, but an intriguing facet revealed
in diis work is a cycling of maximum and minimum effects of the ions upon
Prant growtn.

The differences between the means of negative ion-treated plants and those
of the controls for each test were plotted against the day of the year and the
phase of the moon, and showed a monthlv cycle. In this cycle the maximum
difference in srowth was on or near the dav of the new moon and the minimum
difference ociurred about the time of rhe full moon, from October to March
(Fig. 1,A). Befween March and September there was a tendency fol maximum
growth differences to occur near the period of the first-quarter moon, and for
the minimum differences to shift from the oeriod of the full moon to that of

DATE o o o o
tr a

JUNE a
J U LY tr a
AUG. a tr

SEPT a o
oc T a D

NOV a o

Frc. 3. Maximum growth periods for Lepidiz.nn sativwn exposed to positive ions (dots)
controls (squares) in relation to lunar phases.
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the last-quarter phase. This shift occurs not as an abrupt changg between
summer and winter positions relative to lunar phases, but as gradual advance-
ments or recessions (Fig. Z). Positive ion influences, though not as regular as

those of the negative ions, showed some lunar coincidences (Fig. I,B) but these
are not clearly defined in the maximum growth periods, and the minimum
growth periods present a very confused picture (Fig. 3).

The raw data indicated that there was, in addition to the lunar cycles, an

annual cycle with maximum growth periods for both ion-treated and control
plants occurring from about October to March. Subsequently, the 

-mean
growth for all-plants in each test year was plotted on a theoretical sine

6urve based on fhe actual data (Fig. 4). This showed a somewhat plausible
trend, though it left much to be desired.

DISCUSSION

The theory that plant growth is stimulated by air ions has in the past few year-s

become an established fact. It is also becoming increasingly evident that all
living organisms are rhythmic systems that respond to rhythmic environmental
factors. - In the laboratory under controlled light and temperature conditions,
average periodicities of the natural geophysical frequencies are demonstrable.
In additibn to these frequencies, other rhythmic changes with regular periods
deviating slightly from those of the natural solar-day or lunar-day often occur
( 3 ) such as, for example, the rhythmic responses of living systems to very weak
magnetostatic and electrostatic fields and to weak gamma radiation (+, 5, 6) .

Sea and littoral organisms have the expected periodicity of behavior and
metabolism svnchronoris with tidal rhvthms. and bonsequently with those of
lunar phases.' The lunar phase relati6nship'of terrestrial orfanisms is more
difficult to explain. Perhaps, as postulated by Terracini and Brown (14), such
lunar-phased feriodicity is'an inescapable cohsequence of dwelling in the geo-
physically varying environment.

Whatever the reason for the periodicities in living organisms, the growth
responses of cress to ionized particles follows much the same frequencies as

those described by Brown (+, i, 6). In fact, differences in the growth of cress
exposed. to negative ions (Fig. 1,A) is almost identical to the frequencies 

.of
orientation responses of the planarian, Du.gesia, in weak magnetic fields (4).
This coincidence warrants some speculation.

The earth's atmosphere, magnetosphere, and ionosphere Protect living
organisms from lethal cosmic radiations, mostly from outer space, and electro-
magnetic radiations from the sun. The stronger the terrestrial magnetism, the
moie efiective the barrier, and vice versa 12). Terrestrial magn'etism varies
continuously and includes all the natural periods.

Suppose the moon in its orbit around the earth should act as an interference
to incoming cosmic or solar radiations; the maximum interference would occur
during the"period of the new moon when the moon is between the earth and
the sun, and the minimum would occur during the period of the full moon
when the moon is farthest from the sun. An additional bonus is a thicker
atmosphere caused by the atmospheric tide at the time of new moon. If dele-
terious radiation retards plant growth, the plants should respond to the Protec-
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tion by growing faster at about the time of the ner,v moon. Further, should
plants be subiccted to addirional applied phvsical facrors such as magnetic,
ilectrical, or radiation fields that aci as shieidi ftom cosmic-ray influenJe (tz,
13 ), the differences in responses between treated and untreated organisms should
be more apparent near the time of the new moon. Moreover, from October to
March further protection from incoming radiation could be afforded by the
earth's angle of inclination au'ay from the sun. Greater growth was indeed
obtained i-n the plants during the rvinter months.

Why then the apparent advancement and recession of the times of maxi-
mqm plint g-rowth 1nb. Z;i In its orbit about the earth the moon appears
to be relatively hiqher or lower in the skv. This is due to boch the moviment
of the moon and ihe inclination of rhe earth's axis, and if the points directly
beneath tl're moon are plotted on a flar map of the earth, the iesulting moon
track appears as a sine rvave. As the orbit oT the moon requires 27.3 solar days
ard the synodical monrh (period from new moon ro new'moon) is 29.5 days,
the point on the sine u-ave at time of new moon is repositioned each month
o_u1 of phase with the previous month by 2.2 davs. This is approximately the
shift shown in Fig. 2 for the succeeding months.'

Because of this shift, the moon does not exert the same relative degree of
intcrference to the incoming radiaticln each month, at anv one particulir geo-
graphic location. This would permit grearer growrh of the cress at a specific
location at different time periods neai rhe nerv moon. Also, in Fig. 2 each
point shor,vn is for the end of growrh period rarher than for gror,rih period
Per se, so that the points should in realitv be shifted to the left and would
correspond more closelv to time of the new moon. The greater growth
during the r,vinter months {Fig. +) may be due to the relative'iy greater pro-
tection afforded by rhe earrh's angle of inclination.

None of the foregoing has explained the erratic results obtained from the
te-sts u-ith the positive ions. It is possible that when rhere is a limited number
of negativc electrical particles from the atmosphere, these combine with the
positive ions. However, when there is a sudden burst of negative particles,
more arrive than can be neutralized. These undeflected and unneutralized oar-
ticles may retard the plant growth. This possibility was noted in the rests with
the negative ions; those ilants under the grear;sr ion concentrarion often
showed a decrease in qror,vth relative to otheis in the tesr. The negative ions,
though shielding the p-lants from other radiarion and thereby prom&ing an in-
crease in growth. mav have themselves been retarding growth to sorne extent.

Testing the hypothesis that the moon may aid directly in affecting plant
growth or other biotic activitv will not be easy. However, circumstintial
evidence of a link between lunar and orher geophvsical periods, and biotic and
physical phenomena is accumulating.

ACKNOV/LEDGEMENTS

I wish to thank my manv colleagues for their encouragement as well as their
skepticism. Special thani<s are dtie to R. Kempster for Jonstructing the growth
aPparatus and turntable, C. Nicholls for preparing the figures and to W. Hanley
for making many of the measurements.

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
78

.1
48

.1
92

.1
36

 o
n 

03
/1

0/
23



September 19671 I,,J.{\\I-AIR ION INFI,UENCE ON GRO\VTH )UJ

REFERENCES
1. Br-acxrreN, V. H. 192,+. Field experiments in clectroculture. J. Agr. Sci., 14, 240*267.

2. BnowN, F. A., Jn. 1962. Biological Clocks. BSCS Pamphlets, No' 2. American In-
stitute of Biological Sciences.

3. Bnor,r'N, F. A., Jn. 1962. Extrinsic rhythnricality: A reference frame for biological
rhythnis under lo-called constant conditions. Ann. N.Y. Acad. Sci., 98, Article 4,
77 5-787 .

,1. Bnor'r'N, F. A., Jn. 1952. Responses of the planarian, Dugcsia, and the protozoan'
Paratmici.um, t6 very u'eak horizontal magnctii fields. Biol. BuII. 123, 26+281.

5. BnotvN, F. A., Jn. 1962. Response of the planarian, Dugesia, to very sreak horizontal
electrostatic fields. Biol. Bull. 123, 282-29+.

6. Bnou'N, F. A., Jn. 1963. An orientational response to weak gamma radiation. Biol'
Bull. 125, 206-225.

7. DoncHosrnn, C. S. 19'37. The cffect of clectric cuffent on cettain crop plants' Iowa
State Coll., Agr. Expt. Sta., Res. Bull. 210, 5-37.

8- KnuErn, A. P., I{or.lre, S., ancl ANrnrlse, P. C. 1962. Studies on the eI{ects of
gaseous ions on plant grorvtl-r. I. The iirfluence of positive and ncgative air ions on
the growtl.r of Avena sdti.vct. J. Gen. Physiol. 45,879-895.

9. Knuocon, A. P., Korene, S., and AxlnInsn, P. C. 1963. A study of the mechanism
of air-ion-induccd grorl'th stimulation tn Hordeutm vzl.lgaris. Int. J. Biometcorol. 7,
t7 t(

10. Knuncr,n, A. P., Kor',Lre, S., and ANlntaso, P. C. 1964. Studies on air-ion-cnhanced
iron chlorosis. I. Active and residual iron. Int. J. Biorneteorol" 8, 5*15.

11. Knuncun, A. P., Kor.lr<.t, S., and Aunrnsc, P. C. 196+. The elTect of air containing
O' O"*, CO;- and CO;* on growth of secdlings of Hordeum tulgtLris. Int. J. Bio-
nreteorol. 8,17-25.

12. LnveNcooo, 
.W. C. 1965. Factors influencing biomagnetic envitonments during the

solar cycle. Nature, 205(+970), 455-+70.
13. LowNcooo, W. C., and SHTNxI-ri, W. P. 196C. Enr.iroumental factors influencing pro-

geny yields in Drosopl-rila. Science, 132,31-35.
14. TEnnecrxr, E. D. and BnorvN, F. A., Jn. 1962. Periodisms in mouse "spontaneous" ac-

tivity syrrchronized r.vith n-ralor geophysical cycles. Phvsiol. ZooI. 35, 27-37.

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
78

.1
48

.1
92

.1
36

 o
n 

03
/1

0/
23




