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. bave found that DCPTA st?n{la
gene activity in the plant, ing ayf
the production of enzymes that in turn
speed p the plant's metaboliam. .

They first discovered that DCPTA
doubled the rubber production of gua-

than genetic means, | m&m

o 'A show mo chance ot

“ing toutant strains in plants, -

. “Bloregulators give us the potential
for manipulating the gene tion of
a plant,” Bepedict says, “and could
have a profound impact on agricultural
crop productivity and quality.”
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Making rain while the sun shines

Sor_ne scigntists have maintained that cloud seeding — the
practice of dispersing chemicals into cumulus clouds in order to
make rain —is about as effective as paying someone to do a rain
dance. For midwestern farmers and water managers, however,
cloud seeding has often seemed to offer hope in times of
drou_ght. North Dakota tarmers, for instance, have had enough
confidence in the procedure to target 66 million acres for
the “store-bought” rain at the cost of 5¢ an acre, a state
meteorologist estimates. '

Skeptics have never doubted that when silver iodide seedin
agents come into contact with a cloud's very cold moisture dropg-
lets, ice crystals —which become raindrops in warm weather —
are formed; in laboratory cloud chambers this is known to hap-
pen. But couid the process work in the field—or, perhaps moir)e
aptly in this case, in the sky — where the real clouds roam? The
skeptics doubted that seeding agents dispersed at the basé of a
tall cumulus cloud could wend their way 5,000 ta 12,000 feet u
to the part of the cloud that contains moisture dropl'ets. a

Last month, in a collaborative effort, scientists from the North
[?akota Weather Modification Board in Bismarck and the Na-
tional Oceanic and Atmospheric Administration (NOAA) in
Boulder, Colo., took to the clouds in erder to settle things once
and for all. The researchers released a tracer gas — sulfur hexa-
fluoridg — simultaneously with the silver iodide, and then fol-
Iowe'd in a second plane equipped with detection equipment to
monitor the tracer's dispersal.

“The stuff had a bit of a climb to make,” says John Flueck, a
NOAA research scientist, “but our preliminary guesses are t};at
in at least one instance the seeding agent was successful in
reaching the leve!l where the cold water is.” The researchers also
tested silver iodide with sodium chioride. This combination
says Flueck, “works much more quickly —because the water ir;
the cloud doesn’t have to be as cold for it to work.”
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Sky-Scraping Towers to Make Rain

® RAIN is caused, as everyone Knows, -

by the upper air's becoming too cold s 2
to hold any longer the water it conteins. o e
Consequently, the idea that rain can be
made by firing bombs into the sky, to
shake loose the water, is impractical.

A French meteorclogist, Bernard
Dubos, proposes to produce rain by
lending Nature a hand; in other words,
helping her to carry out her routine
process of drawing heated, water-laden
air from the surface of the earth, and
cooling it (by expansion into thinner
until the water comes

atmosphere)
down again.

His project, illustrated here, is to
put up stupendous towers of concrete,
hollow within, which will create drafts
in the same manner as a factory chim-
ney. The ascending air column will
carry water up with it, as vapor; and -
whirling vanes will distribute it in all
directions. By this means, M. Dubos
believes, the natural moisture of the
air can be readily increased. Such a
tower, steel reenforced, and two-thirds
higher than the Empire State Building,
wonld cost about $10,000,000, it is esti-
mated, and be of great scientific as well

as climatic value,
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An enginecr'a plap to otilize scientific principles, for regulating climate.
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S ROM time to time, aris ﬂ.ﬁ.c been revolutionized
by the efforts of individual men, often, men not
brought up to ihe art, but practicing in » very different.
occupation.  Arkwright, a barher, revolntionized the
art of apinning; Cartwright, o clergyman, revolutionized
the art of weaving; Watt, o maker of mathematical
inetruments, revolutionized every heavy  industry;
Rowland Hill, a schoolmaster, revolutionized our
commuunicntions by devising the penny post; and Mr,
Fry, an elcetvician, is revolutionizing the art of agricul-
ture. .

For to produce a large increase in the yield of corn and
other crops, and at the same time & material improve-
ment in quality, and te do this without any inercase
in the farmer’s expense, without requiring any additional
implemnent on the farm, or any new acquirement of
skill, or any additional expenditure of time, on the part
of the farmer—this is pothing short of a revolution in
agriculture, and this is what Mr, ¥ry has done.

Jectricity ham long been applied to growing erops,
and Lax had 2 deeided effect upon them in producing
1oTe rapid and more luxuriant growth; but to subject
» plant to clectricity, either continuously or ot intervals
during the whole period of its growth, requires a con-
siderahlc supply of clcotricity
end moro or less continuous

S

first in & few pots, the experimnents were soon extended
to a pateh of garden gronud; then a neighboring farm-
manager was persuaded to sow, very reluctantly and
surely against the grain, o few plols of agricultural land.
Secing the results, he was Jess reluclant the next season;
and as year by year his crops from clectrified seed con-
tinued to contrast favorably with those from untreated
sced, he sowed a larger acreapge with the former, until
uow he sows no unclectrified sved except p small pateh
in each ficld for comparison; and from being an utter
geeptie, he is become an enthusiastic -dvoeate of the
Process.

Yariners meet at market and talk about the westler
and their erops, and thus news of the process spread in
the neighberhoaod, and one farnier after another adopted
it, first only as a trinl, and on » few acres of ground, but
when they had had experience of it, upoun larger and larger
acrenges; until at the present harvest 150 farmors have
reaped grain growing from eleetrificd seed. Furmers are
a cautious and conservative race, not eager to adopt new
methods untii these have been well tried at other people’s
risk, and have had their value proved beyond question;
and those who tried the electrified sced for the first
time tried it upon a few acres only, so that the total

attention; to apply it over
lirges arcas of many acres
must necesaarily be costly;
and to apply it over hun-
dreds and thousands of acres’
iz soarcely practicable, espe-
cielly as  the installation
of wires, ele., must neces- .
gerily interfere  with  the.-
operatious  of agriculture.
For horticulture it is no.
doubi practicable, and may
Le found uscful and even;
profituble, hut the difieulty”
of applyihg it on a large’
‘seale to agriculiure is evi-
dently considerable, and Mr!
Fry turned his attention to
the electriliention of secds,
which i3 open to none of thesa
drawhucks. .

The process i novel.
Tlere was no previous ex-
pericner whatever to go npon,
and the inventor had to feel
hiy wny gradually to success
by the trdious process of
trial nid error, making many
mistukes on the way, suffer- .
ihg many  disappoint nie ts,
checked in every direction
but tle right one, and lenrn-
ing from every failure the
way (o saccess.  DBoeginping
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acreage thus sown last season was not much more thaa
2,000; but 2,000 ncres is quite enough ground Lo yicld a
thorough and satisfuctory test, especially whon' the )
trials are scattered over many differont purte of the
country, on many different soils, from the-infertile sands
and newly plowed heaths of Dorset to the chalk around
Salisbury Plain and the stiff clays of Cheshire. No
doubt o much larger acreage would have been sown with
electrified secd . if efforts had been made to spread a
knowledge of its advantages, if the inventor had not
waited with the intention of perfeeting his process and
discovering all its possibilitics before taking any steps
to make it known.

But it seems that the possibilities are almozt unlimited,
The more he fnvestigales it, and the wider the scope of
his experiments, the gréater are the advantages they
reveal.  As it is, quite enough is known, first to prova
that the process is one of very great value if proper v
conducted, and second to enable it to be ennducled .o
the best advantuge, climinating with certainty all the
errors that vitiated the results in some of the early ox-
periments, and cusuring without fail » substantial in-
crease in the erop.  7This is enough to justify, and indeed
to demand, the use of the process. It would be un-

justifiable to withhold the

process longer on the ground
that all the possililitier it
contains are not yet e
available in practice; sl
fhe inventor has at length
been prevailed upon to place
it on the market as it is.

In the first place, there g
a notable increwse in the
yield of prainv from  tly
clectrified seeil. “u averago
crop of wheo  u Great
Brituin is abo. 0 bushels
per acre, of oat- 4% {o 80, of
barley 32 to 40 bushcels. 1f
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eleetrificd and  uncloctrified
secd of any of these cropa
are sown geparalely in the
rate field on the same day
cand treated tnoevery respect
alike, it is found {hat, ac-
cording to the nnture of the
crop and other circumstances
as yeb imperfectly known,
the yield of the electrified
seed exceeds that of the
uncleelrified by from  four
lo 16 bushels.  The aversge
of the considerable number of
trials whose results are ut
present known i belween
25 and 30 per cont of increase,
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Oats, cabbage and kale grown from treated (left, in each ease) and untreated (Fight) mooQ., .

ander Identica] conditions

The quality of the ecrop
eleo, as indicated by the
. weight per bushel, is im-
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~ the bush#l is an exceptionally

proved. The inercase in weight hag ranged
[rom on¢ pound te as much as four pounds
per bushel.  Thiz docs not scem a large
praportion of the weight of an AvVerage
bushel, which iz about 63 pounds; but
tho normal variations from this average
weight arc not wide, A poor sample of
wheat weighs 60 pounds to the bushel;
a good.sample G4 pounds; .66 pounds 1o
fine sample,
1t is evidont that n guin of from one to
four pounds to the bushel may make all
the difference between poor and good,
between pood and excellent, It moeans
better milling quality, less offal, and more
flour per bushel. It may mean all the
difference hetween grain that can be uzed
only for milling and grain that can be used
for sced. .

Even this is not all the advantage to he. |
gained by using eclectrified seed. Besides
the increase in the bulk of the yield and ,
the increase in the weight per bushel, there is an increase
In the straw that mny be verv important. " In the first
plece, the electrified sced throws up more straws from
ench seed than the uneleetrified. In one field of oats the
increase was characterized by a previously sceptical
expert as “astounding,” fui whereas the bulk of the un-
eloctrified eeed had thrown up only two straws per sced,
tho electrifird had thrown up five. In the second place,
the straw growing from the electrified seed js longer than
that which grows from the unelectrified. The straw
is in some cases only one or two inches, in other casca ag
much g eight inches, longer; butin every cage the length
¥ incressed. In the third Mace, and this ja the most
important, the stoutness and the strengily of the straw
are increase . From this it results that the crop is less
hable to bLie laid by storma of wind and rain, In one
ense the vicitors'te a farm, who hnd gone for the purpose
of inspeeting the eleetrified and unelectrified creps
growing side by ride, asked the farmer to show them the
dividing line between the two. “Go and look for your-
selves,” zaid he. ““No one but a blind man could fail to
sce the difference.” And truly it was so. On hall the
ficld nearly the whole of the barley was lying flat upon
the ground, laid by the recent, thunderstorms.  On the
other hall not a straw wag Iaid; the whole Crop was
standing upright waiting for the reaper.

Sven those that have becn mentioned are not all the
advantages that may be gained from clectriflying sced
coite. It seoms that corn growing from seed thus treatid
is tess susceptible to the attncks of fungus diseases and
wireworm than that growing from sced that has not
heen treated. Little can be said at present on this
score, for the observations are as yet incomplete, and
experiments arc in progress that will test the mnticr
up to the hilt.  All that can be said at, present is that
there seema {n be r great likelihood that the process is
protective against smut, hunt, rust, and other fungus
discascs.

s

So much for the advantages of the process;
now what of its disadvantapes? These are fow,
and can searcely be considered serious, The
first is that if the process is not properly earried
out, the result will be disappointing. This can,
senrcely be considered a drawback to the process
itself. It i3 a eimple process, ecasily performed,
occupying only n few hours, and no more ditficult
than the proecess of dyeing a parcel of yarn or
sterilizing a surgieal dressing; but, Hke these
operations, it requires the use of a certain tech-
nique, and eannot safely be entrusted to in-
experdnced hands. Properly performed, it can
ncither damage the seed nor fail Lo cnhanen its
value,

- Secondly, the effect produeed upon the seed is
not permancent; it will retain its enhanced efficacy
only for about a month after clestrification,
i kept in o dry place. It is therefore desirable
that the seed be sown promptly after it has been
electriticd.  The drawback is not a serious one,
But if noi known and allowed for, it may lend to
disappointment and to undeserved diseredit being
thrown upon the process.

" Thirdly, the advantage aceruing from the process
is not uniform, The process always results in an
increase in the yield of the seed; bul whether the
increase will bo mainly in the grain or mainly in
thE straw, and whes pereentage of inerence il will
olicet, are unpoecictable. The best results are
often ohtained on poor land, where the untreated
05 gives hut s small return, but th by 10

fneans uniformly s0. What the conditions are
that o to secure the fargest inereases are at

bresent unknowan,  Doubtless they will be ascer-
tained iu time, when more experienee has been had,
and the rutionale of the process is better under-

wle to potatores.

ation of seeds will be
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application on a large s

wopted

England for next

Every farmer who lag

tried it opce upon a sm

Electrific
on a very large scale in

year's harvest.

stood; hut at present we eannot g2y beforechand whetar
the crop will be greatly benefitted or only maderat 1y
benefitted. ’ ) ,

The process is very simple in principle,” though it
requires a good deal of carc and of eXperience in carrying
it out. A current of electricity cannot he passed through
s heap of dry seed; the grain must he steeped in water
?_Ea contains, in golution, some salt that will act as a
conductor,  Such a golution is placed in atank, the seed
is steeped in it, and a weak current of clectricity is passed
by means of eleetrodes of large surface attached to two
oppesite end walls of the tank., .The seed is then taken
out and dried, .

This i the outline of the process, but the outline
necds n good deal of filling in. The kind of gal:
employed to enable the water to econduct 1he elec-
Ctricity s mot without imporlance. Seed that s to
be sown on one kind of soil will ye=ld. better re-
sulty with a culcium salt, and secd  that is to be
sown on another kind of soil will yickd better resul's
with a sodium or some ether galt. One kind of seed
will necd treatment for so many hours, and another
kind for many more or fewer, Barley, for instance,
needs fwice as long trentment as wheat or outs. The
strength of the solution and the strength of the current
must be appropriate, and ave not necessarily the same
in each case. The drying is very important. The
seed must be dried at the right temperature, neither too
rapidly nor too slowly; and it must be dried to the right
degree, neither 160 mueh nor too little.

All theso matters are important, and it is possible that
variations in them are respousible for the varicty ia
the results that are obtained. The proper {reatmoent hag
to b aseertained by long and eopious experiments with
each kind of seed, and it is enly by degrees that the
pruoner treatment has emerged from these experiments,
which have new bheen in progress for six or seven years,
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’ VALLE DE SANTIAGO, Mexico (UPI) — The case
of J. Carmen Garcia's giant vegetables gets more

ted an iMlustrated dispatch about
curious and more curious,

article in San Diego Ho

Robinson. Robinson had stumbled
Garcia, the marvel of - the marketplace In his vil. ::getab!es. Garcla and his assoct
lsge in a produce.rich valley in Guanajuato state 260 redondo, while on a
miles northwest of Mexico City, perenniaiiy brings in

$0-pound cabbages and 10-pound onions and 5-feet..
leng collard grecns. '

. 8o how does he do It?
He says a man — claimin

Alter the UPI dispatch

world, requesting more
from U. §. De riment

. 8. of
‘ g exira-terresirial pathologists In Torida and Caltfornia.
underground-dwelling humanoids who live on giant _ Awed by the sudden interest, Robinson I
vegetables held him in a sublerranean prison — gave bound to return o Mexico to seek more Inf
- him a scrap of paper containing a formula of sym- - from Garcia. UPl tagged along as Interpreter
18. Garcia said he gained Inspiration for his own
growing tai

- Garcla was less than overjoyi

ents from contemplating the formulg. again, and it wasn't be
Whate ver

one thought of the extra-terrestrial

con- rigation chores on his S-acre
nection, the existence of the vegelables Is un-  “‘Last week gn ope day I had
deniable. Garcia produces them yearInand year out, Zealand,

holography

iego Republic, Canada. Germany
Police Department information officer, keeps a 10- States," Garcla said.

- pound Garica onlon n hiy [reezer in San Diego, months and I'l] teach
‘ In February, United Press International transmit-

Mexican vacation,

ed (o see Robinson
cause the visit Interrupted ir-

Giant Vegetable Secret Safe

. Robinson received over
1,000 Ietters from would-be greenthumbs around the
information, Including two

Agricullure plant

people here from New
‘Venezuela, France, the Dominican :

and the Unifed
“1 tell them ‘Stay here six '

‘ You the method.’ Finally they
g0 away, but others come.”

elt duty- |
ormation
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Electricity as a Tree Pest Cure.~—DIatent papers were
recently granted to Isadore Kitsee, a Dhiladelphia n- 1170.A07, DESTROVING  INSECTS T[ARMFUL TO
ventor, covering a process for the destruction of Insect ULANT LIFE, Isimon Ktrser, Phitndelpbia, ['a, Tiled

and germ life harmful to plants and trees, the electrleal P T2O1014 Serial N, 870848, (CL 204—1

method tnking the place, to n great extent, of the usunl P

sprays and other-applications. The process cousists of i MW‘H‘F—‘—“H FCB 22
making an applleation of a solution such as saline : [ " \cl {¢
water where the ground is to be treated, and then caus-

ing a current of electricity to be pnssed through the sofl,

whetreupon the gns generated will rid the soll of germs,

larvae and Insects without the lenst injury to the vege- :
tation. Whete a larger aren {3 to be treated, It has !
been found desirable to dig shallow trenclhes at oppoaite
sides of the area to bLe treated, nnd the electric ter-
minals are placed in these. An application of a some-

i :

what more powerful current will rid the entire area ~ 1 In the purifving of the snil fram inseets harmful to
et e, the method which consists in providing
f pests. When the pl verelabie :
of 1 . plant itself is to be treated, the the spil with a componmt earrving in canhlnalion a gerinl
_s()_!utl()n CNrTy lng the element is made the EIECtrOIS'te Poeite element, clectrolvzing said compaund while in sald
in an apparatus, and the plant sprayed with a solutlon | soll, therely frecing sald element st enustug through
after decomposition has taken place throngh the action Cxnid element the destrnetisn of shuoxious insects.

2 The ethed of <destraving alinoxinus insecets their
larvie or eges infecting the soil, which conxiss in im
pregnaling the soil with a wolution earrving an insectd

M cide in A dormmant state, eledtralyzing the solutton Jduring
S'C/{ * &? [ﬁ *the time thal the =gme s in sabl soll thereby freeing

of the electric current.

Ythe thsecticlhde and o making the same available fer ths
destruction of said insects
A 1 the destruction of insects obnoxious to plant life,

the Improvement which censists in eleetrolyzing required
compounds in {he soll eareving the plants aml eaustng.
throuzh fhe gases freed davlnz the eleetrolytie action,
the destriuetion of the inseets Infesting snid soil,

4 The method of destroyvine the larvm or epps of
ohnaxinus insects which consiste tn providing the area
tnhahited by 1 Lirvie nr egos with o eompouend oarry-
ing in chemieal eombination an insecticlde element and
slectralysing sald  enmponid, theveby freelng sabd n

sectichle element,

PP scd.
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Downward low of cur-
rent retarded flower-
ing of upper branches

Simi-

lar results could be obtained, Truffaut

suggests, by fitting full-sized fruit trees

by Georges Truffaut, French ex-
Attaching wires from a

LECTRIFIED orchards are forecast
perimenter.

forty-volt battery Lo seedling trees, he
found their growth markedly stimulated
when the current passed upward through
the stems and branches, Reversing the
with metal collars, connected to a suit-
able source of direct-current electricity.
Thus a grower could retard the develop-
ment of fruit to protect it against un-
seasonal frost, or hasten its ripening
when conditions were favorable, To ex-
plain his observations, Truffaut offers
the theory that the electric current
alters the rate at which sap rises,

flow retarded their development.

(]

}:e used to control an orchard of the future

-.~.This drawing shows how electricity may

Tree at left shows
result of stimulation

by electric current

ELECTRICITY CONTROLS TREE GROWTH
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MOBILE electrocution chamber that
shocks weeds to their root-tips is the
newest weapon in the battle against weed
infestations that cause U.S. losses of more
than $5,000,000,000 a year in crops and
land values. The machine, called an Elec-
trovator, is the invention of Gilbert M. Baker,
of Mendota, Calif.

It is & trailer containing a gasoline-driven
12.5 kilovolt-ampere generator and a special
transformer. Two rakes with copper elec-
trodes for teeth transmit the high-voltage,

Shocking Weeds

(o Death

low-amperage current to weeds as the ma-
chine is drawn at one mile an hour by a jeep
or tractor. The weeds burn, from tops to
root-tips, leaving the land ready for new
crops. The treatment can be repeated for
successive growths at a cost of $10 per acre
per treatment. The Avco Corporation, of
Los Angeles, distributes the machines.

Al
T STt A 4,

/

The bare patchas of ground in o cotton fisld {top)
show where the weed killer has been at work. In

inset, Mr, Baker disploys the “stingers” of his ma-
chine—Hflexible rods, connected to the transformer,
that ride along the surface of the ground. A con-
trol pansl in the towing vehicle vories the charge
transmitted by the rods to suit different kinds of
weeds ond soil. Above is the Electrovator itself,
thowing the overlapping arrangsment of the tweo

rakes and their connactions for towing ond powaer.

hoeks Fish
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He Tells How You Can :
.w:._N the Termites C

You can assure J. H. T., Palo Alto, Califs
that it is possible to kill termites, or any¥
other living organisms in wood, by -subject- .
ing them to high frequency on the order o
20 megacycles. This high trequency wiil hest
the wood throughout to temperatures that
will kill termites without injuring the ma- >
terial. The work can be done with a portabl® -
high-frequency machine brought to the:3
premises. Radio Corporation of America, 8%’
well as others, manufacture such :szh.\....

1. C., Little Silver, N. J. ot
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CONDUCTING CHLOROPHYL ENERGY OVER WIRES

Dr. T, G. Hievronymus

About 1930, I decided to try an experiment of
conducting Chlerophyl Energy over wires. I had been
tonducting Eloptic Energy over long distance via
vire.

A wood platform wvas installed on the south side
of the house sbout six feet above ground., Later
experiments indicate that the platfors must be at

‘lesst 6' sbove ground in order to get the desired

potential of energy which incresses with distance
above ground,

Having some wooden cigar boxes svaileble, 1 cut
boxes apart and cut pieces and made eight boxes that
were 2"x2"x4" although any size boxes will work.

Aluminues foil was plsced on the bottom of seven
boxes inside so as to be in contact with the soil,
Similar pleces of foil were placed on the under side
of the 113 of each box. Wires were connected to
each piece of foil, the wires from the lide were
extended to the sun plates, the wires from the bottom
fotle were connected to the water pipe and thus
grounded, See figure "2" for details of the box
construction.

Refer to figure "1" which shows a "side" view
of the installation., Figure "3" shows the system
of connections,

Seven plates were placed on the platform so as
to pick up energy from the sun and a wire was connec-
ted to each plate and extended down into the base-
ment, each box, having the top foil plate connected
via wire to a plate out on the platform in the sun
1ight, The efghth box had no connection to the out-
side, it being the ''control",

The plates on the platform were all different
in size. The smallest was 2"x4", the next &4'x8",
the largest was about 8"xl0", and one plate was cop-
per ecreen wire.

Some dirt was screened and §" of dirt placed
in cach box. OCat seeds were selected, all of uniform
size and planted in two rows of 5 seeds spaced in each
tow, then k' of dirt was placed on top in the box.
The same amount of water was added to each box as
needed from dsy to day.

All of the secdr sprouted about the same timc.
Then we noticed that thiere was no chlorophyl in the
10 plants in the control box. All of the boxes

connected to outside plates had plants with much
chlorophyl.



We were quite surprised to note that the plants
in boxes with laorge outside plates, seemed to look
as if they had been subjected to heat. Apparently _
the large outside plates were hringing in an excess of
energy compared with the effect of the small size
outaide plates,

Very soon, the plants grev too tall for the
small amount of *head room' {n the boxes so sach box
vas equipped with a spacer to retse the top of each
11d up about 3/4",

The boxes were placed on a shelf in the end of
the basement vhere there was little light, with no
vindows at that end, Also, the shelf was kept dark
by a board placed in front and another on top te

exclude all light. The plants were dark sll of the
time except when they were examined by flashlight,

A friend tried to duplicate the experiment but
did not follow all instructions. Their basement
was only about 3 feet from basement floor to ground
level outside. 1Instead of placing the outside plates
above ground & feet, they laid the metal collector
plates on a board that laid on the ground, thus they
did not have the potential difference between outside
collector and inside boxes and the experiment was a
failure. Also, there was a window near that let
much light into where the boxes were placed.

Anyone who expects to duplicate an experiment
should be sure they know all the factors and that
they follow the instructions exactly without any
substitution or change, And as to changes, {f you
are trying to pet a specisl result and are trying
out several methods or fdess, one of the cordinal
points to doing good work is to make just UNE change
at a time, Then you know just vhat the results are,
If you make two changes and the result {s faflure,
you do not know but that one of the changes may have
been all right, (see Figures #1,2,8), next 2 pages).

By: DR, T, GALEN HIERONYMUS

* * * * -
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CLECTROMC FRe- ANT  KILLER
2% Benson FElectronics Pre

Route 1, Box 143 < Nixon, TX 78140
VSP # 4163430

INSTRUCTIONS FOR USE

For your convenience, the coil wire has already been
connected to the negative and positive posts of the transformer
by the wing nuts. At the other end of the coil wire, a
small amount of insulation has been partially cut away to
expose the wire inside. Continue to cut away the insulation
in this manner until encugh wire is expecsed to reach around
your post, tree, pipe or another wire at least twice. This
forms a coil which no ant can cross. You may want to use
some tape to hold down the loose end of the coil wire.

There are many more uses for the control box. For
instance, it can be used as an electric fence. Just connect
one post to a good ground, (either post - it doesn't matter),
and the other post to your fence wire. This will electrify
a fence wire from three to five miles distance. To be used
as a cattle prod, connect one post to a good ground and the
other to a wire running through a piece of one-half inch PVC
pipe of whatever length is convenient for you. The end of that
wire must be exposed and attached at the end of the pipe which
will meke contact with the animal. This will not harm the
animal. This unit puts out approximately 1/100 of an Amp.

Always make sure the unit is unplugged before making any
hook~-ups. Should there be any questions concerning this unit
or any application therecf, please feel free to write.

FOR MORE INFORMATION CONTACT:

BENSON ELECTRONICS
Route 1 Box 143
Nixon, Texas 78140

(512) 424-3373
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Jim Benson demonsirates the Yaard-Vark, which uses an electrical charge to destroy ants.. .
BeAvionT EnTer Prise (X D AVG, 26 1Ak

Benson’s Yaard-Vark invention
rids farmers of annoying ants

By Suzanne Halliburton
Staff writer

BRYAN — Abocut two vears
ago, Jim Benson noticed some
fire ants Ranging around the
Electrical Switches on Mis Tarm s
“water well_ThHe ants were Kill-
ing each other
%‘ﬁoTﬂT “Benson ongmaliy
dismissed the episode from his
mind, the Yaard-Vark, along
with hopes of riches. resulted
from his observanon.

The Yaard-Vark 15 not an
animal, but a congiomeration of
insulation. metal and eiectrical
wires,

A metal prong is inserted in
the anthiil, an electroce Lghtiy
rests on the mound s surface.

Electric_currents _shoct out,
causing. the ants 1o turn their

STou! 7 oni each other.

Destrovs ants

Within several hours, the
anthill becomes 1t own ceme-
Lery.

Fire ants had so inundated
Benson's farm in Central Tex-
as he says, that he eventually
could not avoid the ants’ earth-
en homes,

Seeking a better way to rid
his acreage of tne ants — they
develop an immunity 10 pesti-
cides — Benson remembered
the episode al the water well
and began io investigate the
effects of electricity on the ants.

He told son Robert Benson,
owner of Timebase Inc. i Bry-
an. of his findings, and Yaard-
Vark Inc emerged.

Possible patent
Rober: Bensen said the US
Paten: Office will decide the

invenuon's future, Because the
creaton s not vet officialiy
registered with the office. Rob-
ert Benson has cautioned his
father not to elaborate or the
Yaard-Vark's workings.

I the Bensons get their pat-
ent, Robert Benson pians 1o
markel the machine 1n states

bordering the Gulf of Mexico
and in Central America and
Mexiro, all areas with a tre-

mendous ant problems. The
planned cost is 875.95. )
“There's no question it's

going to sell.” Rober: Benson
said. “We've been inundated
with calls.”

Four species of fire ants ha-
rass farmers in this area, sting-
ing livestock and clogging
piows and tractors, The area is
particularly susceptible to fire
ants because of 11s mild winters.
The typical ant colony averages
between 100,000 and 500,000
ants.

Researchers curious

While Benson deals with his
makeshift invention. research-
ers at the U.S. Department of
Agriculture are growing lnter-
ested 1n the ants” hermornes,

Hidden among cornmez] pel-
lets developed by scientistg at
the Agriculture Department
are juvenile hormones that
retard the development of the
ants’ offspring, the larvae.

Spokesman Steve Berberich
said the hormone shuts down
all activity in the colony. killing
the remaining ants,

Berberick said research in
the killing of insects through
use of hormones is five to 10
vearsold

Insect hormones

“Seientists are finding that
hormones in insects are in some
wevs not unlike those in mam-
mals,” he said. “Ther are de-
veloping chemnicals that can
disrupt these signais.”

Berperich said the scientists
hope ants will not deveiop a
toierance 1o hormones. as they
Fave with pesuciaes.

Meanwhiie, Jim Benson 13
simply  stretching  exlension
cords across his vard to nd it of
the pests.

17 1 make some {monev)
that's fine.” he said. *7f I den't.
we've stll killed a iot of ants.

There's not any here. at least
nothing I can't reach with my
extension cord.”
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Backyard inventor makes fire ant weapon-

By JEANWALLACE
Bryan-College Station Eagle
BRYAN, Texas — Backyard
tinkerer Jim Benson may have
invented the ultimate lethal

weapon in the war against fire

ants.

It's an electrical zapper, a slim,
three-foot-long device that rests on
top an ant mound. Emitting a tiny
electrical current, the device
snaps, crackles and pops as the
first ant *victims meet their
maker.

Then, a few minutes Iater. all
heck really breaks loose in the ant
colony. Qut of the ground surge
forth thousands of angry ants.
Inexplicably, the eclectrical dis-
turbance causes the pests to kill
each other. As their frenzied
fratricide proceeds, a thick,
doughnut-like ring of dead anls
forms around the electrode.

“1 really enjoy killing them.,”
says 60-year-old Benson, who lives
on a farm in Seguin,

““Whenever they form a
doughnut and begin to die, 1T am
filled with enjoymeni, because
I've been fighting those sons of
guna for years,”

Benson made his discovery after
nolicing that fire ants were at-
tracted to, then killed by, the
sparks emitted by his water-well
electrical pump. Following his
intuition, he devised his first

zapper from plastic plumbing pipe
and odds and ends.

Once implanted. the device can
annihilate an ant colony in several
hours, depending on heat and
humidity factors which affect how
deeply the ants burrow. So far, the
ants haven't recolonized the
mounds, either, Benson says.

Benson's son, Robert, who lives
in College Station. was calied in
for a demonstration two months
ago. : A
“1 was in awe,” recalls Robert,
40, a doctoral student in physics at
Texas A&M University and also
anentrepreneur.

“It has all the qualities for
anyone who wants revenge,” Rob-
ert adds, “It feels like a real
weapon.”

The weapon has been renamed
the Yaard-vark, a name that now
graces a company that Robert has
formed to produce, market and
sell the devices.

The company, which is gearing |
up for mass production, will re-
fashion the devices to include a
range of safeguards. Next spring,
Yaard-Varks will probably be
available at lawn and garden
centers for between $59 Lo $79.

“The marke! will be huge,”
predicts Robert, who is applying
for a palent to protect his dad’s
invention.

“We're going lo produce as
many as we can,”’ he adds.
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Elactrical Plant Growth.
The of  electricity, though
when in the form of lightuing and strong
direct currents readily take life, are such

quadities

that in other forms as readily give life.
Recently experiments have heen made on
seeds, and in onc-half the time it takes
Nature to turn ovut her work by ordinary
processes, the application of clectricity has
brought out mature plants.

The first experitnent was masde on an
egw that was being hatched. An electric
current strong enough to kill a fowl did
not destroy the germ of vitality, but the
chicken when hatched was of most abnor-
This
proved, however, what might be done
with this marvelons agent,

In plant stimulation the

mal size and monstrous in shape.

apparatus con-

gists of two glass cylinders, a larger one
about two inches in diamcter for the
larger seeds, and one about three-fourths

of an inch for those of less size.
these rece

Within
ptacles the sceds are placed,
thoroughly moistened, and the openings
closed with copper disks having wires

attached. By these wires the disks are
connected with the poles of an induction
coil, and then the current is passed

through the moist seeds, which are good
conductors,  After this treatment the
seeds are placed in germinating pans.
These consist of two plates one within
the other, the inner being of porous clay.
The sceds are sown between two sheets
of filter paper, and w
the porous plate is
thus kee

ater passing through
. absorbed by the paper,
ping the secds moist at all times,
The temperature is kept at about 48 de-
grees all the time by aid of electrical
devices, and the growth of the plants is

cent quicker by this method than
otherwise at the same time, many
sceds not perfect enough to grow under
ordinary climatic conditions are saved by
this electrical treatment,

3o per

, while,

Capplied for a month or two, betore they

Electrical Treatment of Sceds

PAPER was recently read before
<L the British Assceciation of Science by
Mr, A. E. Blackburn, which elicited a
loug discussion. Some 10 to 20 pack-
apes of seeds were placed in tanks with
electrodes at the extremities; an electro-
lyte consisting of sodium mnitrate, or
other fertilizer was used. It is consid-
ered especially useful with the cereuls,
wheat, bariey or oats. Some 500 apri-
culturists have adopted this electric
treatment of seeds, which is followed by
4 very careful drying in kilns, to be .

S—

i

6
<

are put into the ground,
cussion

LDuring the dis-

which followed, Mr. A, V. fh..
Daines said that the dricd seeds sowed -
in the soil took up w churge in the elec- JU
tric field of the carth and atmosphere in LW
the fashion of the Levdan jar.  If elec- S~

trodes were applied above and below 1he
seed, the ecurrent would favor the de-
velopment of roots, or the stalks accord-
ing toits direction. Mr. M. L. Brenchley
declared that the experiments conducied
at Rotbhamstead had given doubtiul re-
sults. Others fecl that the nature of the
ground was of great importance, and
that the good effect was not durable.
Still others stood up for the electrolyvzed

)
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seeds,  The question scems still con-
fused, and the process needs further
aecurite experiment.

He Tells How You Can
Bljtz the Termites

vou can assure J. H. T, Palu Alto, On:,.._.m
that it is possible to Kkill terites, OF .u,o—;
other living organisms in wood, by suble o
ing them to high frequency on the o_dr_mmw"
20 megaeycles, This high frequency will at
the wood throughout to nm:émwsnf,mm s
kill termites without injuring the nc_n
The work can be done with a port# .
machine brought te ﬁﬂu.
premises. Radio Carporation of .P:_mu._n:.,\
well as others, manufacture such units:
1. C.. Little Silver, N. J.
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high-frequency
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Electricity May Supplant

Carcaing fish by shocking them with
electricity is an experiment being tried by
the Australian State Fishery Station, at
Sydney Bay. A fishing boat has been fitted
with charged electrical grids or electrodes
of copper that are submerged in the water,
Powerful electric generators force a current
through the water between the electrodes,
shocking all near-by fish, which then float
to the surface and are picked up alive in
large nets.

ﬁﬂn-u@&n application of the method
may be possible. Fishing boats might go out

singly or in pairs, to fish electnically. Single
boats would bave electrodes at bow and
stern. If two boats operate together, each
would use a single electrode and an electric
cable would connect them.

A Swedish engineer named Moller de-
vised this electric fishing, after making
good hauls with an electrified rowboat. The
drawing on this page, based on cabled re-
ports of his system, shows how it might be
applied on a large wooden-hulled ing
ship. A metal hull could not be used, as it
would short—circiit the current.
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FISHE 5 STUNNED BY »
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using electricity to capture fish might o
be adapted to a big boat so that scines ¥

electrode at the bows to one at, sterm. 3
Stunned fish would flost to surface, 7
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Electrified Water Keeps
Fish Qut of Ditches

kﬁbNuZﬂ screens formed by stream-
ing particles of electrified water are
being used in the Northwest to keep
Young trout and salmor out of irrigation
ditches. When schools of these fish strav

industry, 8o experts of the Federal Bureau
of Fisheries have been investigating to
find the best method of turning them
back at the mouth of & ditch.

They discovered that fish are sensitive
to electric shocks and dread to pass
through electrified water. So “electrical
screens’’ were suggested and tried, using
several schemes to electrify the water,

The same idea was adopted by the
engineer of a power company on - the
Pacific Coast to keep fish out of the
turbine wheels of a hydroelectric plant.
On wooden frames over the water he
suspended two rows of parallel electrodes
which set up an electric field reaching to
the bottom of the stream. The strength
of the field tapered off in direct propor-
tion to the distance up or down stream.

Thus each fish approaching the turbine
wheels entered the electrified area and
received a shock. H it did not turn back
at the first shock, but swam nearer, the
severity of the shocks increased rapidly
&s it approached the whirling wheels.

“Rain-Making'' Tower

William Haight, of Wilmington
Park, Calif., claims he can make
rain by the manipulation of what
he calls negative electric ground
waves and positive waves of the
atmosphere’s upper strata. Flis
apparatus, mounted on a tower
at extreme teft), is designed, he
says, to reverse the natural order
of electrical emanations, resulting
in a pulsating current between the
ground and upper strata, which in
turn causes condensation of cloud
moisture and brings on rain.
Mr. Haight is pictured at the left
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viteR, L.B.: Nature 201 (4926):1305-6 (Mar. 28, 1964)

Machanism af Plant-Cell Damage in an Electeostatic Field

Electrical stimulation of plant growth produces increased
connentratinng of : minor elements (Fe, Zn, Al) in active
1eaf tips., Compared ton controls, such increases . are of
the order of several hundred per cent, This is due to an
inerease in metabolicﬁenZymes in the e¥ctricallv-activated

oligo-
plants, which appear greener because ozone generated by electr-
jcal fiedd onxidizes porphyrins, resulting in deep-greeh open--
ringced moleculeg of these or similar metallo-enzymes. U;der
thes influence of an excessive ele trical field, ihe activity
nf thegse substances is accelerated to such an extent that -

‘cn11u1ar respiration is impeded, with resultmd cell deteriorat-
ion and tissue destruction.

Fruit Trees Fed From Bottle

® NITRATES are tonics to a tree; it absorbs them greedily from

the fertilizer around its roots. But nitrates are so soluble that
they wash readily out of the
soil. A methed of applying
them, developed in France
by Dr. Mokrzecki, gets 100%
results; the solution, under
pressure from the bottle, iIs
fed into the sensitive layer
of the tree between wood and
fmare A = bark, just as a physician
e - 7 makes a hypodermic irjec-

; (Continued on page 880)

How the nitrate is sdministered.
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Mrs. De Land is the widow of Mr. John De Land. John was an amaz- B
ing man who lived to perfect the “De Land Magnetic Control.” This is — * —
a simple apparatus that prevents freezing in citrus and other fruit on ~ ‘
sub-freezing nights. It costs nothing to operate! -~ /

Mrs. De Land told me how John received the details of the appar- yd /
atus. John used the same means of thought reception 17 years ago that
Iuse today. He heard a voice speaking inside his head, describing how \m [ Acre .m.@nn.s. €

to control frost and fruit freezing by a new method. John wrote the
information down a little at a time, as it was given to him. Then he
spent the next 15 years developing and proving true the information,
He has left a monumental contribution to humanity in his “Magnetic \
Control.”
The drawing is made here of the principle of the device that John
De Land gave to humanity, because he believed in progress. Mrs. De \
Land holds the patent papers on this apparatus. This drawing (fig. 3)
is reproduced with her Ppermission. \
There are seven # 10 bare copper wires, running radially out under-
ground from a 32 foot pipe mast. The pipe mast tapers up with re- _

N g — e

each of the reducers. Each plywood disk has seven equidistant holes Wﬂl\,\r 7 E.A.,\Nﬁﬂn ,
One At Each
inches parallel to the ground. Each wire points parallel radially, back / £ :K Qhu

E th Wire

.a% View

10 turns around a 1 inch diameter by 5 inches long alnico 5 magnet, Side V/e W

face of the ground. It js also buried below cultivation equipment level, Three 12~
These magnets are made up and coated with one-eighth inch of MW acers
plastic to hold the windings in place and prevent rusting. The magnets Mast

are set polarized to the North magnetic pole paralle]l to the lines of PHDFEPKN\I

magnetic force. — n
No smoke —~ no dirty laundry — no expense to operate — nothing but J.:EH +
the expense of the original installation, This device is that simple!
This single unit will prevent freezing of fruit over an areg of more Figure 3
than an acre of ground. This is free energy in operation,

84

Anti Frost Control
85
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which the plants are growing,

During the past 75 years many experiments in electroculture have
been carried out with varying degrees of refinement. Some of these
experiments indicate thaf the vield of crops ean be materially in-
creased by electrical treatment. Others. conducted along similar
lines, fail to show anv marked response to the treatment. In this
latter class are included the ex eriments conducted by the Office of
Biophysical Investigations of t];le Bureau of Plant Industry, which
are reported in the following pages. Thasl report is followed by a
brief account of other investi ations ;s his field. Investigations
relating to the cultivation of plants under dlectric lights are not jn.
cluded in the review of the literdture of sledtroculture, the response
of the plants under such conditions being due primarily to the heat
and light into which the electrical energy has been transformed.

NORMAL ELECTRICAL STATEf Of_ T‘iE ATMOSPHERE

Since the effect of using a charged network over growing plants is
.+ change the electrical state of thé atmosphere surrounding the plants
it seems desirable to discuss briefly the rormal electrical conditions in
the atmosphere and the changes prodyced by the charged network.
An examination of the electries] condjtions 1n the atmosphere over
an open field on a clear day shows thet there is a force tending to
move & positively charged bod downward; in other words, the
electrical field of f}(;rce is identical with that which would exist if the
earth were charged negatively. 1 ¢ ! »

¢ Physicist, Buresn of Standards, since 1020, ¢ ' el
82149°— 26— L - ‘ sndled
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The lack of uniformity in the yields of the control plats A and Cin
the 1907 experiments (Table 1) is such that no great dependence can
be placed in these results. It is significant, however, that in only one
of the 10 trials recorded did the treated plat show any evidence of a
substantial increase in yield when compared with the mean of the
control plats.

Ezperiments in 1908.—In the 1908 trials the wires were run di-
rectly over the treated rows and w@\vn st 8 height of 6 to 18 inches
above the plants by means of adjustable brackets on which the
insulators were mounted. The contro] rows ran parallel to the
treated ones at a distance of 614 feet and were separated from them
by intermediate guard rows.

In one part of the plat the wires over the

ositively to about 50,000 volts from 4 p. m. to 7 a. m. each day, 955
wg:.m in all. In the other part of the plat the wires were charged
and discharged rapidly by connecting them to one terminal of the
secondary MM an indyction coil, the other terminsl being grounded.
In this case the potential rose to about 20,000 volts and then dis-
charged suddenly through a small spark gap between the wires and
the ground.

The treatment first described is similar to that employed by Lem-
strbm and believed by him to result in inereased yields. In these
experiments, however, neither treatment gave any evidence of in-
creased growth. The detailed yiclds econsequently uro not of special
1nterest.

ELECTROCULTURAL FIELD EXPERIMENTS WITH GRAINS

In selecting a location for the electrocultural field experiments near
Washington, three conditions were sought: (1) A uniform soil, (2)
available electric power, and (3} accessibility from the laboratory in
Washington, since the equipment had to be visited daily during the
experimental season. Soil uniformity is particularly difficult to find
in the environs of Washington, and the Arlington lxperiment Farm
forms no exception in this respect, It seemed to be the best avail-
able location, however, and portions of sections A, B, and T were
made available for the experiments, which were opz.m& on from 1911
to 1918, Sections A and I} proved very disappointing with regard
to their uniformity, and the most wmmm_..wwo results were obtajned in
section B,  These experiments will be first described.

The Lodge-Newman apparatus used in the experiments from 1912
to 1915, inclusive, was designed in England primarily for electro-
cultural work and consists essentially Am. 8 110-volt induction coil,
operated by a mercury interrupter, and a rectifier. Five Lodge
valves ¢ designed to rectify the high-tension alternating current were
placed in series with the network, thus sllowing only the positive
1mpulses from the secondary of the coil to reach the network (33).
The negative pole was grounded. Two balls 25 millimeters in diam-
eter, one of which was grounded and the other connected to the net-
work, were used to determine the potential, assuming a breakdown
gradient of 3,000 volts per millimeter.

Systematic measurements of the current from the network were
not made, but the current could be determined approximeately from
the potential of the network and the known power characteristics of

lants were charged

¢ For » description of the valves, ses Lodge, O, (34).

ELECTROCULTURE i}

the machine used. The current from the network over the experi-
mental plat in seetion E was of the order of 0.1 to 1 milliampere per
acre, depending on the voliage and network used. This is of the
order of 10,000 to 100,000 times the intensily of the normal air-earth
current. :
EXPERIMENTS IN SECTION E

It has heen shown by Jgrgensen and Priestley (26) that the ioniza-
tion from the highly armﬁmﬁm network is by no means limited to the
area beneath the network, but may be carried by the wind to a con-
siderable distance, depending on the weather conditions. It was
consequently deemed wmdvisable to separate the troated and eontrol
plats so far as practicable.  Accordingly, two plats of half an acre
each (132 by 165 feet) were selected m section E which were sepa-
2_?»; by a Aﬁmw::ao of 350 feet, one plat being directly north of the
other,

I.—(teneral view of the esperimental fleld at Arlington Experiment Farm, showing the
m:m 1ding the wire network ffom poles and the power lines

Poles mcwcc:?n the %3::@& net-

distance. (FPhotographed May B, 1818.)

e (foregrou
the control plat may be seen int

The rye which was growing on the plats of section K when they
were selected in 1913 was cut and weighed, The results show that
the productiveness of the two plats was ahout the same, being as
follows: Yield of south plat, 2,438 pounds; of north plat, 2,499 pounds;
ratio of south plat to north plat 0.98.

Experiments in 1914.--A network 16 feet high was erected over the
south plat, having cross wires at intervals of 15 feet. (Fig. 1.)
Winter wheat was sown on both plats the following October, and the
treatment was given by means of the Lodge-Newman apparatus
which furnished a positive charge to the network at a voSsﬁmm
ranging from 30,000 to 60,000 volts. The treatment was given in
the fall and spring from 3 to 7 p. m., a total of 336 hours. The grain
was harvested in June, 1914, giving yields which were substantially
the sume for both plats; as shown in aw,zzc 2.

S @ |
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TABLE 2.—VYields of winter wheat on plats following electrocultural treatment (post-
tive charge), section E, Arlington Experiment Farm, in 191}

- Ratlo of treated
Yields (pounds) to contral
Plat o B
Hhock Grain Bhock Graln
Treated .. 332 B44. 8
Coutrol .- I w. 281 | 8666 v 102 0.97

Ezperiments in 1915.—Wheat was again sown in the autumn of
1914. The fall treatment was omitted, owing to bad weather. In
1915 the network was charged positively by the Lodge-Newman
apparatus twice & day from 4 to 7 a. m, and W.E: 5 to 8.30 p. m., a
total of 345 hours. The distance between the cross wires of the net-
work this year was 6 feet. The plats were divided at harvest into
east and west halves. The yields are shown in Table 3.

In both plats two bad spots developed on the western halves, in
which the grain was much poorer than the average.

TasLe 3.— Yields of winter wheat on plats following electrocultural treatment (posi-
tive charge), section B, Arlington Experiment Farm, in 1915

- | Yields {pounds) x@”u.hwwﬂs;
W Bhock CGrain ‘mrcaw Clrain
Eastern half: o . T
oo e @ e om
Treated . ... . ... ...\ 716 303
rﬂ_.w“w__ B | B4 2%4. 5 “ 1.32 L1
Comtrab T e LM ) L0s

Ezxperiments in 1916.—In the fall of 1915 winter wheat was again
sown, as it was desired to get n test with the metwork charged
negatively, about 45,000 volts, instead of positively as heretofore.
A powerful static machine was used to su ply the current, and it
was run from 4 p. m. to 8 a. m. daily (totaling 800 hours) during
the spring, the fall treatment being omitted.

The plats were divided into eastern and western halves at the
time of harvest and again showed considerable variation. The
yields are given in Table 4.

TaBLE 4.—Yields of winter wheat on plais Jollowing electrocultural (negative)
treatment, section E, Arlington Ezperiment Farm, in 1918

. _ ::mc of trentad
Plat ‘.— ields {pounds) to control
Bhock Grain ; Shock Grain
Eastern :mh: _
Treated .. .. ] 1,324 M7 5
Contpal . T s | Lo v 0. 98 085
Western rm_n
Treated____. . .. . ... |, 24 3245
Control -, LTI 1,082 .,:m.av 110 -9
Total: 4
Treated_ ... _ .. .. ... ... .. 2, 52 6720
Control ... R T L Zest] tsdo u 1. 0¥ -89

FLECTROCULTURE 7

Erperiments in 1917 —Wheat was again sown in section I in
October, 1916, and allowed to mature the following summer without
treatment, as an additional check on the soil conditions. At time of
harvest in 1917 the plats were again cut into eastern and western
halves, the south plut being the one which had received the elec-
trical treatment in previous years. The vields are shown in Table 5.

Comparison with the rye yields of 1913 shows that the south
(treated) plat apparently gained slightly in its relative productivity
during the five years, but the change is well within the errors of field
trials.

TaprLe 5.-—Yields of winter wheat on plats withou! electrocultural treatments,
section B, Arlington Ezpertment Furm, in 1917

Yicelds (pounds) u::__.m:.ﬂ%— M"”“u to

liock {Irain Bhaek (iraln

Plat |

. 280 * 580 6
L B : um.ci 031.0 V 1.00 0.92
whplat. .. o .. : 3570 ”V
North %_E. “““ . 1 567, 5 108 -8
Tolal: ; ! T
Kouth L 1375
Narth i, 18, 5 v 104 -85

Erperiments in 1915.—1n the fall of 1917 winter wheat (Currell)
was sown on the plats in section I, and in the spring a l4-inch mesh
ralvanized-iron screen 132 feet long by 15 feet high was erected 20
w..,é south of the check plat. It was thought that the grounded
sereen might proteet the north plat from the drifting charge, but
later measurements show that it 1s of doubtful value.

The static machine was again used, with the positive pole con-
nected to the network.,  The numher of eross wires was 1nereased
to one every 3 feet.  This tnereased the current and reduced the
potential of the netwark to about 30,000 volis.

Although the winter was exceptionally cold the stand in the spring
was excellent.  Treatment was started April 15 and continued for
40 days from 4 p. m. to 8 u, m. each day, a total of 736 hours.

At harvest the eastern and western halves of each plat were kept
separate and weighed.  The yields are shown in Table 6.

Tanre G- Fields of winter wheat on plats following electrocultural treatment (posi-
tire charge), section B, Arlington Erpervment Farm, in 1518

Ratio of treated
te control
Flat

Shock Crraln

| i
# Yiobhls (pouneds) ﬂ
| H
! |
ﬁ Shock _ Gruin |

i .
' _ [
B 1

9

TR 7 BiR v 1. 18 L0
“““““““ : 481
.................. " | arooow -85
Treated____._.... .. . . . _ u.xu:m 1, 050 ,V .07 102
Control ... . .. e e e :
i

2 63 N
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A general view of the experimental field as it appeared on May 8§,
1918, is shown in Figure 1.

After the 1918 crop was harvested, measurements of the chargoe
carried by the wind were undertaken. A flame collector was used,
which was connected to the gold leaf of an electroscope, the case
being grounded. A full-scale deflection of 25 divisions represented
a potenttal of about 1,000 volts. In all the measurements the
collector was held at a height of 1 meter above the ground.

A light south wind was blowing the day the mersurements were
made. With no charge on the network, a very slight deflection of
the gold leaf could be noticed. With the network charged, however,
the m::-mom_o deflection occurred very rapidly at any point under and
within 20 feet outside the network on all sides, even to the south,
the direction from which the wind was coming. At 50 feet south,
only about 1 division deflection was obtained. North from the net-
work the deflection to full scale was slower and more irregular the
greater the distance from the network, and when only 2 feet south of
the screen along the south side of the north plat the maximum deflec-
tion obtainable was about 20 divisions. Just north of the grounded
screen the maximum deflection obtained was about ¢ divisions. As
the collector was moved farther north from the screen and into the
control plat, the deflection again increased, until at the center of the
control plat it was off the scale again. The grounded screen along
the south side of the control plat thus afforded little protection from
the drifting charge. At a point 1,000 feet from the network, the
last point observed, a full-scale deflection was obtained. At all
peints beyond 100 feet from the network over the south plat the
deflection was very irregular and unsteady.

The Weather Bureau records show that during the 46 days of
treatment 1 1918 the wind was due south only 3 days. Owing to
the distance of 350 feet between the treated and control plats, the
wind would have to be nearly due south to carry any appreciable
charge over the control plat.

SUMMARY OF EXPERIMENTS IN SECTION B

The relative yields of the south (treated) and north plats in section
E are summarized in Table 7. '

TABLE 7.—Summary of yields of rye and winter wheal on the south {Ireated) and
north (untreated) plats, section I, Arlingion Ezperiment Farm, in siz stated
years

Raiio of yields of Ralio of yields of
Treatment | $0uth to north plats Treatment |S0uth to north jnts
Year Crop ofseuth | _|| Year Crop af south { L
plat plat
Total Grain Taal Cirain
e — - i N
1913 | Kye. _._ None....._. 0.98 (L _____... . 18168 | Wheat___| Negative___ 1.03 0.89
1914 | Wheat___| Positive..._ i.02 0.97 | 1917 .. do__._. None.._..__ 1.0 .95
1918 | do . ﬁ% Lid 1.03 _ 1918 |._ do. ... Positive. ! 1.7 102
|

It is evident from the summary that the electrical treatment did not
produce any sensible increase in yield. Anexamination of the detailed
results for 1915 shows that the somewhat higher ratios obtained dur-
ing this unfavorable year are due to a marked decrease in yield in

ELECTROCULTURE 9

half of the control plat.  Aside from this, there appears to be a gradual
increase in the total yield of the south plat relative to the north one,
irrespective of whether a positive charge, a negative charge, or no
charge at all was used. It is of interest to note that the grain ratios
with a positive charge on the network are all slightly higher than the
ratio in 1917, when no treatment was given; with the negative charge
the reverse i1s true. This seems consistent, for if increasing the posi-
tive gradient of the electrostatic field tends to stimulate growth, then
to reverse the sign of the ficld may perhaps tend to inhibit growth,
Opposed to this speculation is the fact that the negative field appar-
m=%.< had no effect on the ratio of the total yields of the two plats.
In brief, while there is some evidence of a slight increase in grain
vield when wheat is grown under a network whichi is vo&wﬁqmq_owu%ﬂmm
to & high potential, the obscrved effect is so small that it is well wit.
the experimental errors of field trials.

EXPERIMENTS IN SECTION B

Exrperiments in 1911.—The first electrocultural field experiments at
Arlington Experiment Farm were made in 1911 with grains in sec-
tion B, employing a plat which had been sceded in strips to wheat
the previous fall.  In the spring of 1911 a network of small wire was
installed over the eastern half of the plat, covering half of each
variety. The network was 7 feet high with wires at intervals of 3
feet, conneeted to the positive pole of a static machine operating at
a potential of about 40 to 50 kilovolts. The machine was in opera-
tion six days a week from 3 p. m. to 7 a. m. except during rainy
weather from early spring to harvest.

Table 8 shows the relative yields of the treated and control halves.

TaBLE 8B.—VYields of winter wheat on plats following electrocultural treatment (posi-
tive charge), section B, Arlington Experiment Farm, in 1911

Ylslds per acre (pounds)
= s ~e—e————— - | Ratio of
Varlety Troated half Control half eqm__.»a.\“p__.g
J control

‘Grain Straw Grain Straw

Q.1 M2 e R20 1,740 780 1, 380 1.08
Fultz.__ ... ... ... .. ... ... o 1,320 1,020 1, 450 | 2,070 .9l
[ 8 T £ S .l 1,240 | 2, 520 LA .. K

Frperiments in 1912.—1In the fall of 1911 one variety of wheat,
‘urrell (Currell’s Prolific), was sown on section B3, and the network
was again erected at the height of 7 feet with cross wires 3 feet apart,
as hefore.  The treated: and control plats each had an area of awamm-
fourths of an acre. This year the network was charged with a
Snook-Roentgen set, which consisted of an inverted rotary converter
supplying a 160-volt current to a 1-kilowatt 100,000-volt transformer.
A mechanieal rectifier was used on the high-tension side to obtain a
ﬂ:.c_:.rd charge on the network, the other terminal of the trans-
ormer heing grounded. Even with this sct it was not possible to
charge the network much above 50,000 volts. The treatment was
given daily from 3 to 7 p. m., except Sundays and during bad weather.
At harvest the weights shown in Table ¥ were recorded.

G2149° 2 —2
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TasLE 9.—Yields of winter wheat on plats Jollowing electrocultural treatment (posi-
iive charge), section B, Arlington Ezperimeni Farm, in 1912

Yields (pounds) Rallo of treated to contirof

Flat e - —
Bhock Graln Btraw Bhock ﬁ Graln Straw
Treated 3, 485 1, 154 2,811
Control 3300 114 u.:&v Losf 104 1.08

“rperiments in 1913.—In the fall of 1912 the same plat in section B
wasg again sown to wheat. "The 7-foot network of the Previous year
was replaced v‘mwum permanent one 16 feet high, with cross wires 10
yards apart. e new nctwork was erected over the northern half
of the plat instead of tho eastern half as in preceding years. The
network was charged positively with the Lodge-Newman apparatus,
and the treatment was given daily from 4 p- m. to 8 a. m.

The treated and control portions each had an area of three-fourtha
of an acre. At harvest the weights shown in Table 10 were recorded.

After the wheat was cut, cowpeas were sown on tho B plat on
July 29, 1013, .

The static machine was connected to the network (16 feet high),
-giving about 40 to 50 kilovolts. The machine {positive charge) was
run four hours a day from 3 to 7 p. m. for 32 days.  On account of
the lateness of the season, the cowpeas were cut for hay. After being
stacked and cured, the crop was weighed in the field by means of a
tripod and spring balance, showing the following yields: Treated por-

tion, 1,807 pounds; control portion, 1,847 pounds; ratio of treated to
control, 0,98,

TasLe 10.— Yields of winter wheat on pluts following electrocultural treatment (post-
tive charge), section B, Arlington Experiment Farm, in 1913

|

Yields (paunds) _ :::._%_rﬂn_.ﬂ..,mga o

Shock ‘ Girnin 7 Rhock

Trested ... _ 3,25 | A0 |
Cantrol e ﬁ :.;i TR v

w..ﬁﬁ%;..ﬁm:ﬁf..::t%.|2:a=§.=mv_a:ncﬂ::::w:Lneo:?_ :<w.ﬁ
1914, and the network (16 foct rmmw_v was E:::;;.EH_ directly 1o one
wire of a 6,600-volt 3-phase 25-cycle alternating-current power line
running past the farm.  The voltage was on continuously day and
night for 110 days, when the corn was cut and the total weights
recorded in the field. It was then shocked and given time to dry.
Husking was done in the field on October 9, 1914, and the grain and
fodder brought tv a platform balance in the barn and weighed. The
superintendent of the farm expressed the opinion that the treated
plat had had some advantage over the check plat as regards soil-
moisture conditions. The yiclds shown in Table 11 wore recorded.

ELECTROCULTURE 11

: ) ! (alternating
11.—Yielda of corn on plats following elecirocullural lreatmen
Tate n:nqn&.sﬂm&a&p B, Arlinglon Experimenl Fuarm, in 1914

Yields (pounds)

Ratlo of irested to oontrol

Plat
D (rain Green Dr Ghrain
hwﬁwﬂ aro%m (on eob) | shocks shoeks | (on cob)
BTORIO e —eeeee oo 18,031, 5 4, 060 2, 892 103 1.8
mesnww._u......uuﬁnuu“HHH.“.:... S| 13T 3,062 2, 200 v L1s

Erperiments an 1915.—The corn was followed by rye which was
mcs.:mz section B on October 22, 1914, The 6,600-volt treatment
alternating charge was started November 5 and maintained oo:ﬁ:.wﬁ-
ously till June 24, 1915. This year at time of harvest each plat
(treated and control) was divided into esstern and western halves,
and each section was weighed separately to show any inequalities in

: 10118, . . .
mc_‘__‘ﬂwzﬂw_wim recorded at harvest showed a lack of uniformity in aWo
plats, but gave no evidence of a sensible Inerease in uhmn_ﬁ_ due to the
electrical treatment. The results are shown in Table 12,

Tasrx 12-—Yields of rye on plats following electrocullural trealment {allernating
charge), seclion B, Arlinglon Experiment Farm, in 1816

. Ratio of treated to
ields (pounds) | 180 o ros
Plat R
Shock Grain Bhock Grain
Eastern hall: N s s v s -
A_Jﬂﬂﬂ::uumumw. DY B - 1 525
Western half. i
Treated. L ieiaal 1, 304 4B1 .
%mﬁwﬁ ““““““““““““ LT 1, 408 515 v -8 28
Total; [
Treated. ... ..ol 2,836 1,48 103 Lol
Controle . e . 2,758 1, 040

Experiments in 1916.—ln order to messure the relative yielding
power of the two plats (treated and control) under normal condi-
tions wheat was again sown in the fall of 1915 and allowed to mature
the following summer without electrical treatment of either plat.
Table 13 shows the figures recorded at harvest, the north plat being
the treated plat of the three preceding years.

%_‘.wrﬁ.wu.lmaaiw of winter wheat on plals without electracultural treatments,
section B, Avlington Experiment Farm, in 1018

Ratin of north to
south plats

Plat S
Grain Shock Grain
Enstern half: o0 b
Northplat . _ ... ooo.. . L 0.95 o8l
Ronth "._Mqa R M2 e v
Western half: P
R el m -0
“ 81,0
North plat . _ A .88 85
Bouthpat ... .. = . ... . [ 1, 0. 0 w
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SUMMARY OF EXPERIMENTS IN SECTION B

The 19186 resulte show about 15 per cent difference in the yield of
the plats when no electrical treatment was used, the control plat
giving the Em.von vield. During the preceding three years the yields
of the two plats were ap roximately equal. If the 1916 results aro
aocepted as indieating the relative productivity of the two plats
under normal conditions, the conclusion follows that during the pre-
ceding three years the clectrocultural treatment increased the yield
15 per cent or more and that an alternatine charge on the network
was equally as effective as a high positive charge.  During the time
the network was connected to the alternating-current power line the
charge was changing sign 50 times per second, the maximum gradient
was about 1,500 volts per meter, and there was no appreciable ioniza-
tion at the network. The conditions were so %:m_,oa from those
prevailing when the network was charged to g steady high positive
potential that it seems highly improbable that the effect on the Zrow-
ng crop would be the same unless the effect is nil under both condi-
tions, the 1916 results not being representative. The latter conelu-
sion seems the more probable, and this is supparted by the experi-
ments in section A which follow,

EXPERIMENTS IN 8ECTION A

A plat in section A of the same dimensions as the one in B was also
used for electrocultural tests. The north half of this plat was
aawmﬁ od with & 16-foot network similar to the I3 network except that
it had twice as many cross wires (5 yards apart). The two networks
were connected electrically, so that Woﬂ_r received the same charge.

Ezperiments in 1814 —Soybeans were planted in section A in June,
1914, and subjected to a 6,600-volt 25-cycle treatment (alternating
¢harge) continuously from July 15 to Octfober 19, when the crop was
harvested. The toial weight of the crop from each plat was %32.-
mined just after cutting, again after drying in the ficld, and finally
after threshing. The weights recorded are shown in Table 14,

TABLE 14.—Yields of soybeans on plats Jollowning electrocultural treatments (alter-
nating charge), section A, Arlington Experiment Farm, in 1914

Ytelds (pouncs) Ratlo of treated to control

Piat e
After After Beans After After Brans
cutting | drying anly eutting | drying only
Treated _______.__ ... . R, 4, 003 2,718 811.3 o =
Ceatrol 12 1171 ITITITI U amz| das| rergip 0w L 13 14

Experiments in 1915.—After the plat had been plowed and put in
good shape, rye was seeded on October 22, 1914, and the 6,600-volt
treatment (alternating charge) was started November 5 and main-
tained continuously until harvest. The field was divided into four
equal parts when the rye was cut, to get some iden of the soil variation
in the eastern and western halves omm the plats. At harvest time the
E.ow under the network showed a much better growth than the con-
trol plat, but this was probably owing to soil conditions rather than
to the electrical treatment, as indieated by the comparative test the
following year. 'The yields obtained are shown in Table 15,

ELECTROCULTURE 18

5.-—Yields o e on plats following electrnculiural ireatments {(alternaéing
Taprs 1 n}MEmYWM&@S? A, Arlington Mﬁaﬁmﬁaﬁai Farm, in 1915

Rutib-of treated
Yieids (pounds) to control

Plat
Bhaock Grain Bhoek Gradn

Eastern half:

270 o
e MRl @) rel
........ 1,302 512
L a0 Bl oim 152
““““““ 662 081
e e o} L& 140

Erperiments in 1916.—Rye was again sown in section A in_the
fall of 1915 and allowed to mature without electric treatment. This
erop was cut in June, 1916, giving the yields shown in Table 16, the
north plat being the plat treated during the two preceding years.

TasLe 16.—Yields of rye on plats without elecirocultural treatments, section A,
Arlinglon Ezperiment Farm, in 1918

Ratle of north

Yialds (pounds} Lo south

FPlat

Shock Graln Bhock Graln

Rastorn half:

............ Laez | a5t
A L3® | 4005 v L34 188
P nsez|  oeos
I I U | anas v 1.54 1.5
............. 3,004 | 1,147.5
T 2, 558 ,%m.iv Lu L4

SUMMARY OF EXPERIMENTH IN SBECTION A

A comparison of the yields obtained in the field trials in section
A gives no evidence of an increased yield accompanying the use of
an alternating charge on the network.

ELECTROCULTURAL EXPERIMENTS IN THE PLANT HOUSE
TRANSPIRATION

The effect of a very high potential gradient on the transpiration
rate was invesligated in plant-house experiments in Washington in
1913, Large galvanized-iron buckets were filled with moist soil
and fitted with special covers to prevent evaporation from the soil.
Six rooted geranium cuttings were planted in each pot through
holes in the cover, the opening around the stem of the plant being
sealed with wax,

The initial weights were taken on F cbruary 15, 1913, and the
plants were sllowed to grow until February 20 without treatment,
to determine the relative transpiration of two sets of six pots each.
One set was then placed under an nsulated frame covered with
galvanized-wire sereen of l4-inch mesh, while the control set was
protected from the discharge by being placed inside a Faraday

-
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cage of !4-inch mesh. The frame was connected iti
] . e o the
Wo e of the static machine, the other pole being grounde .Omwm_‘__mm
m_.sBm was charged four hours a day, from 3 to 7 p. m., from F ebruary
1 to March 24, The plants were again allowed to grow without
treatment from March 25 to April 7. During each period weigh-
%%Maaﬁﬂ.“m EMMmm&o %mgﬁz_:m the loss due to transpiration, and
g added when necessary to intai i
.z_%nm_go-mo:am content of the soil. maintam mvvax_gpﬁ&% the
able 17 shows the rate of transpiration for each i
! . g ot d
three periods and the ratio of the treated to the owzﬁz%mwnm. EWM

will be noted that during the period of treat i
) ment sens
occurred in the transpiration HWSP i no sensiblo chango

.warauuirﬂggﬂagaaaﬂa& e\ . .
. . ﬁmﬂaizﬁznﬁn«usa__a:z&a
freatment in the plant house at Washington, % C.,in mwnm_m&ﬂanﬁnxﬁnﬁ

Transpiration rate per hour (grams)

Neo treat. Mo troatment
Pot designation ment Treatment perlod No treatment
Feb. 15| Feb, 17| Feb. 20| Fob- 26/ gy 1oy Moar. 24
. . ) .51 Mar. 13 LY
017 [t | o2 |50 |Tt0s | tel : to E.,,h
B Mar, | 013 to M Apr. 1 ta g
Treated set ) -
No. mw e w; 61 5.1 29 83 | 80 | &8s 7.7 10.5
No.176.." 33 | 47 51 a4 | 84 80| us %2 10,9
No.1m - 26 HE “w w.w .wp.w. WM o4 50 10
Sl . y ) . g 9. )
wm Kw. ‘ 43 | 61 64 3.3 9.7 7.9 75 wm uﬁ__u
. 180, R - 50 | 49 32 .9 &8 &7 86 it 4
Menn._______ . .. Blaj &350 Sit| 3a0( &38| ze1| ass| 78| 108
Control set: B D
iy )
No. “mw ............... w,u 42 | 43 28 70 | 65 | B4 9.1 1
No I U ga pa | 8o | R RO 40y 88| 73| w7
No i X . . ) , 6 | 89 .
X IR AR R A
5 5. . . 5. 8,
No. 36 &3 55 3.5 87 8.4 m.m wh wm.m
M 1 a3 mar %
e .. . m;n.u\_JHg B30 343, 8m | s8] ve1| 1670
, Ratio of treated to control _ e ol mql .I‘El lu‘ch ’ .99 LB 101 L0z

The total transpiration from the treated and control sets of potted

\@. .: ,,. . . .
mﬂr__wﬁm,_ E::??nsaerng experimental periods is given in

TaBLE 18.—Total transpiration of geranium plants in pots durin,

mental periods in the plant house at G heghee experi-

ashington, D. ., in 1918

Totnl transplration (kilg-
ETRMS)

Tresignation

Troat-
Na treat- L.M“w No treat-

pertod, ment,
20" |Feb. 21 to| Mar. 28
to 20 Mar, @pcgbﬁw.q

Treated set __.

Control set 11711 T e g o -
B T 3. . 42 14, 82

- Ratio of trentad to control . L] 1.00 i
..................... . . 102
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WATER REQUIREMENT

An investigation of the effect of a high potential gradient on the
water requircment of cowpess was undertaken in a plant house
during the winter of 1918, Eighteen large galvanized-iron cans
each holding about 125 kilograms, were filled with well-mixed s0il
and fitted with special covers to prevent evaporation. The cow-
peas were planted through holes in the covers, the openings being
sealed with wax. The pots were weighed at the beginning and at
the end of the experiment, and & record was kept of the water added
to each pot, from which the total quantity of water transpired by
the plants in each pot could be determined.  In brief, the procedure
was that followed by Briggs and Shantz (70, 11) in their water-
requirement messurements.

‘hese pots were divided into three sets of six each. Set No. 1
was placed on an insulated stand, with each pot connected to the
positive pole of a stati¢c machine; set No. 2 was grounded and placed
under a positively charged iron-wire screen suspended about 2 feet
above the plants; and set No. 3 was used as a control and was protected
from the influence of the charged sets by a well-grounded wire sereen,
The potentinl supplied by the static machine was above 50,000 volts.

As soon as the treatmgnt started trouble was experienced with
the set beneath the charged network, soot and dust {(large 1ons) being
depuosited on the leaves and stems of the plants, and in fact all over
the house. A coating would collect on the leaves over night during
the course of & 16-hour treatment.  The plants were washed severa
times, but they did not thrive, owing in part at least to the great
reduction in photosynthesis resulting from the conting on the loaves.
This set was linally discarded.

The other two sets, however, grew well throughout the experi-
ment, although they were not so vigorous as plants grown out of
doors in the summer.  The positions of the pots in a given set were
interchanged weekly, so as to provide average light conditions for
each pot.

g,:w plants were cut May 2, after 54 days of treatment for 16 hours
each day (from 4 p. m. to 8 a. m.), and they were dried at 100° C.
and weighed. The water requircment of the plants in cach pot
was computed by dividing _U_rc total weight of water transpired
by the dry weight of the crop. The mean water requirement for
each set of six pots with its probable error was as follows: For the
treated set, 44944 for the control set, 4205 A slightly higher
water requirement 15 thus shown for the treated set, the observed
INCrense *:.m:m 4+ 1.2 per cent. I some of the waler molecules
eseaping through the stomata of the leaves carried a positive charge,
they would move away from the leaf more _.:_.::w‘ than under normal
conditions, owing to the strong electrie field. This would be equiva-
lent to a virtual increase in the vapor pressure gradient near tho
leaf and would tend to increase the evaporation rate.  Although the
above suggestion is highly speculative, it would be of interest to
repeat the experiment, mv%&;:m the electric charge during the
daylight hours when the transpiration rate s highest.

SUMMARY OF EXPERIMENTS AT ARLINGTON EXPERIMENT FARM

Electrocultural experiments extending over a period of ecight years
huve been conducted at the Arlington Experiment Farm, Rosslyn,
V., for the purpose of determining whether w highly charged network

}
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will increaso the yield of crops growing under it.
treatment was usually given during the early-morning and Inte-

The electiieal

afternoen hours. The general experimental procedure wus similar -

to that employed in experiments in Kngland in which the electrical
treatment 1s reported to have giver increased yields.

These experiments do not show any well-defined increase in yield
due to electrical treatment. There is am indication of a slight
increase in the w_‘.m_a of wheat when grown under a positively charged
network, but the observed increase is well within the experimentul
error of field trials. N

The results of these ficld experiments are summarized in Tuble 19.
The relative productivity of the plats when not subjected to the
electrical field was determined in order to provide additional informa-
tion in interpreting the results, a precaution which has not been
generally observed by other investigators. A discussion of the
yields from each section will be noEum in the text embodying the
description of the experiments.

TapLe 19 —Summary of the resulla of the elecirocultural experimenis in sections A
B, and E, Arlington Experiment Farm, in stated years ’

['The treated and control piats in sections A and B wers each thrse-fourths of an acrn 4 i
E hal! an acre each, separated by an interval of 3506 feet. kev_ﬂmu:.cf and ._..zzmow..ﬂ-lﬂwn..,%ﬂ:m“o ﬂu W.%ﬂcﬁ:
ﬂ.ﬁ Hq__.cw cut :N hay); R=Winter rye; 8mHoybeans; WeWintar wheat. Columu 3: Numbers refer
b p iog tables. Column 4 A=35eycle alternating current; N=No troatiment; — = Negalive
rect current; +==Positive direct current. Colunin 12: *=Yield of plats treated in previous yeurs]

Hatic of
Network treatment Yiulds (pounds) :.mn.ri
i
o control
Deacrt o .
Character | tion cw.. ﬁ.i:._m of
of current | nat- ﬁ;::ﬁ: Dry shock {Irain
Beotion and date | Crop work ours)
3 g R a
IR
£ e |5 g3 218 | = m
LIS AR
3 a8 ] =] i
L A g & S m c a8 m
1 2 g4 5 |6:7( 8 lo| 10| 10 iz 18 _L;
Bection A; IS
9., ... 18 . AL e 18 B..| 2,776 (2,446 113 5
T [ i3 Al soon 10 50 oz s L owe | et
oot B e | BN TR _.w. 00 |2558 *1,147.5 88
We | wo o+ “,w.ﬁw 7| U18 [ ...i3,465 (3,300 | 1,164 |1, 114
......... w.. .o+ “n.agmoc* 18] 10/v16 | [3i284 (3,139 808 | 782 [1.0d)108
+ 450000 18 10 14 |28t 807 ey | .| el
...... Al 1) 0| [T leese 21z |T30Re2 |e 260 |1 12l 28
b ....... 18 10T 2838 12T | LG |1 040 18] 01
e I N - 3018 3,412 | *sal [Uoow | oasles
UUURUR IS SURURUE S {1 O A O S 0, 438 12, 400
W . ,“wc.;aw T B S
W P2 to b 16 5 14 [ 2362382 2 261 B
e e S o448 ana. 61 02 ey
|+ [ |
o |r 16/ 2 1aig 34,548 1,362
%0 14 , 804, KL, 14)1. 3
M, s 45,000F 1% 2 WW v.m.ﬂ.p 78 |1 03] 49
: 100, 513, 064, 5 1, 198, 411, 04] 06
“ a“._. 30,000 18 1 2 80 [2,03¢ Lozs (Lol e

' Prom 4 to 7 a. m. and from 5 to .30 p. .
1 Plats sepurated by grounded wire screen.

TFrom4 p. . to8a. m.
1 From d o7 p.om.
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Plant-house experiments were also made on the effect of an electric
charge on the transpiration rate and the water requirement of plants.
The effect observed was well within the errors of experiment.

The use of electrocultural methods in their present state of develop-
ment as a practical means of increasing the yield of cropsin this country
is not recommended.

REVIEW OF OTHER INVESTIGATIONS IN ELECTROCULTURE

Flectrocultural experiments may be divided into two main classes:
(1} Those in which the =oil is the medium of conduction and (2)
those in which the air is the medium of conduction.  Experiments of
the first elass cover the use of soil currents resulting (1) from an
externally applied cloctromotive Toree, {2) from the galvanic action
of the soil moisture on zine and copper plates buried in the ground,
and (3} from the use of metallic :_:._n?w designed o collect and
earry atmospherie electricity to the soil. Experiments of the second
chnss are those in which the normal air-earth current is inereased hy
meuns of o highly eharged network over the plants or decreased by
inclosing the plants in a grounded cage made of metal sereen,

FXPERIMENTS WITH S0I1L CURRENTS

Among the first experiments with soil currents on & large scale
were those by Ross, prior to 1844, (44) in New York. 1le buried a
copper plate 5 feet by 14 inches perpendicularly in the earth with
the H-foot odge horizontal, and at a ._._x:::.e of 200 feet a zine plate
of the sane dimensions was similarly buried.  The two plates were
conneeted above the gronnd, forming a galvanie cell. Potatoes were
drilled in rows between the plates and also in a similar plat without
plates. At the end of the experiment some of the potatoes from both
plats were measured,  those from the treated plat averaging 219
mehes in dinmeter, while those from the control averaged only half
an inell. The fotal weights at harvest are not given, and conclusive
nsranee that the two arens were of equal fertifity at the outset is
lacking.  The supposed beneficial effeet s rendered doubtful through
the m:ﬁma«::.:_, discontinuance of so simple & treatment.

About this time Solly (46) conducted in England 70 small tests
similar in prineiple (o those of Ross, the plates being 4 by 5 inches
and spaced only 6 inches apart,  Grains, vegetables, and flowers
wore planted between the electrodes. On comparing the appearance
of the treated and nntreated planis a beneficial effeet, was recorded
i 10 eases, n haemful effect m 16 eases, and no effect in 35 cases.
Solly concluded that eleetricity has practically no effeet on plant
growtl.

Fitchner (16) has recorded large increases from treatment with
galvanic currents.  From his figures alone the experiments would
mdicate increases of 16 to 127 per cent due to treatment. The
statement was made, however, that the treated plats were provided
with drains but that the control plats were not.  Such conditions do
not eonstitute good ,..ﬁ:i:%:;ﬁ_ practice and leave the results open
to question. This same objection holds for accompanymg experl-
ments on the decomposing action of the galvanic current on soil.

GU140°—26 - 3
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In 1881, F. Elfving (15) undertook an interesting series of experi-
ments with different seedlings growing in culture solutions through
which ho passed battery currents of different strengths.  After
germination the seedlings were mounted on corks which were flonted
in the solution between electrodes 6 by 4 centimeters jn size, He
found that in nearly every case the root would turn and £row in a
direction against that of the cleciric current. Plates of carbon
zine, and platinum were used, and ail gave the same effect.  Eifvipe
attributes this phenomenon of orientation to the slowing up of the
growth on the side of the root toward the positive pole.  This same
w?.:o_.:o:o: was noticed by Plowman (0, 4{) in 1902-03. , .

:o_::.:aim (23) 1n 1884 selected soveral rows of sugar beets in g
field which showed a good stand and untform conditions. In (h
ficld copper plates 50 contimeters square were sunk perpendicularly
in the ground 50 centimeters deep, so that the plates ineladed two
rows of heets. At the other end of the rows, 56 meters disiant
other plates were sk, and hetween the two a ld-eol] 7.?.:,_:3._,.
battery was connected.  This same arrangement was used on g c:_m:w
ficld. ~ Further experiments were conduciod with copper and zine
plates 33 meters apart connected by a solid copper wire.  The re ,.:1
of the experiments stated, in substance: ‘ port

(1) That an electrie current was present o all treated plats theon hout the
geason, ity presence being determined hy a se sitive elecfromefoer: vam:f: ::.,
rows of beets and potatoes between Mates which were connectied to :_o.:.::_o :1.
showerld no differcnee in growth at any stage of their dove opment; (3) that :ﬂ,
beets and petatoes in rows betwoeen the zinc-copper combinations :ﬁﬁ:“:.; n
Z::mz.:_:_ fresher and stronger appearance about 10 days after the _z.‘.._”m.:::_ :._.
the experiment, and {he harvest showed an increased yield w::mu.:w from _%?V

24 per eont.

:_mr::_;ro H.E:a:i:.::rro:éiﬁ:::_:_cx wriments with sojl
currents the path of the current s not wholly ‘_;,1 the most direet
route from one electrode to the other, but that the lines of ::ﬁ_
spread out through the soil in a way similar 10 {he spreading of the
lines of Toree between the poles of o har magnet. i ‘
mx_::._::.,:»m. conducted by Wollny (48) included five plats 4 by 1
meter each in size separated by a path 1.2 meters wide and by boards
sunk 25 centimeters in the ground.  On plats 1 o 3 a zine _,_.:A..
was sunk at both of (he narrow stdes, ::% these wera ..:_.::;._E_. 7.
follows: Plat 1, induction coil operated by three Meidinger elemenis.
plat 2, a_battery of six Meidinger elements: plat 3 A battery of
three Meidinger elements,  On plat 4 & zine plate was sunk on’ one
end and a copper plate at the other, the two wz.:ﬁ conneeted nhove
ﬂd::; by a copper wire. - Plat 5 constituted a check or confrol plat
Each plat was divided into four equal parts 1 square meter each
in area and seeded.  Numbers of plants up on different dates showed
practically no effect for any of the different treatments.  The yields
recorded at harvest time, based on an equal number of planis ?..e
square meter, are shown in Table 20, ‘

!
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Tavrg 20—VYields of rye, rape, bean, and polalo plants after electrocultural treat-
mends in 1888, according to Wollny

Yields per square mneter (grams)

Pluat Treatment
Rya, Rapae, Beans, | Potatoes,
42 plunts | 42 plants | 42 piunts | 6 plants

““““““““ 1820 114, 517.5 3721
- - - 219 8 . 614, 5 310. 5

- - - 197. 8 103 420. 0 315.3
- - - - 200,46 il4. 600, 0 2978

14, 6831.0 377. 8

s 7

These records show that in nearly all cases the control plat £avo
the best yields, but further experiments were conducted in 1886 and
1887, The ground was well worked over, and four plats 16 hy 2
meters were selected, separated from each other by paths 1.2 mefers
wide and bordered by wooden tith walls. Each plat was divided
o eight snller plats 2 meters square and all were given equal
applieations of manure.  On the small ends of the four large Lim
zine plates 2 meters by 30 eentimeters in area were sunk perpen-
dienlurly and connected above ground through an induetion coil
aperated by Lor i eells for ptat Uand through a 4 or 5 cell battery
for plat. 2. Plat- 3 served as a control, and plat 4 had a copper plate
at one end direetty connected by a copper wire with a zine plate at
the ofher end.  Diagonally lying plats were planted with the same
crops, the grains being drilled to give a uniform lanting.  The
presence of a current on all treated plats was noted by the use of a
aalvanometer.  Throughout the season there was no pereeptible
difference in growth hetween treated and control plats during either
vear.  Tho comparative-yield weights are shown in Table 21,

T ant

petable erops after clectrocellural treatments in 1886 and

2L Yields of
1887, according to Wollny

Zmefers suare (grans}
ﬂu_“:, - e —— - Tt T T T i

5 s I . Pota- Tur-

Lve Rupe Beang Carn toes | Beets nips
1133 6,400 | 23,400
1086 4,650 | 24,420
W7 R 6,620 | 28, 100
100. 9 f, 670 | 29, 400
9334 8,350 | 19, 40
79, 4 B, 190 | 17,650
G4K. 1 713.0 20 8,410 | 18,600
HI8. 61 T6L6 5710 B, 02 | 16,320

From these experiments Wollny concluded that an electrical eur-
rent conducted through soil in which plants were growing had in
general no influence or possibly a harmful effect on the productive-
ness of the plants.

Leicester {29, 30) used boxes of soil 214 by 3 feet in area, with
copper and zinc plates connected above ground. Control boxes
without plates were included. After several trials with different
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kinds of seeds, it was found that in every casoe the sceds grew much
quicker in the boxes conteining the plate. Hemp seed was fully an
ineh above the surface hefora controls showed any plants. The
observation was made also that plants in the zones nearest, tha plates
were the first to come up. Watering with dilute acetje acid was
found to cause quicker growth for treated plants—possibly heeause
of increased current resulting from the acid-metal reaction. Upon
repeating these experiments, Leicester decided that the only action
of the current was to stimulate the plant until the initial store of

food was used up. No data woere recorded in either of his reports,

Berthelot (3) condueted some {osts with soil currents to determine
whether electricity aided in the fixation of nitrogen by plants.  Suit-
able control plats were provided, o reported that the treated
plants grew much more rapidly, being nearly twico the we; rlit of
the control plants at the end of four to six weoeks. Although not
complete or definite, the experinents were abandoned for various
réasons,

Kinney (27) made an extensive series of experiments {o detormine
the influence of cleetrieal currents on germination.  Seeds were sub-
jected to different eurrent stremgths for different periods of time and
then put in suitable germination apparatus and the subsequent,
growth noted.  An intermittent (reatment of 30 seconds per Lour
WA ZIven in some cases, arranged by clock contacts.  Two dilferent,
urrangements were used for the treatments, In one a ghiss evlinder
containing the seeds was cquipped at each end with clectrodes,
These were pressed against the seeds through which the enrrent was

cthus direetly passed.” In the other, the sceds were placed in wet
sand held between perforated metal disks, which were used fop tho
clectrodes. The entire layer was Lield in g glass Tunnel in which the
growth of the radicle conld he measured without remoyvyl, Liglit.
sets of 25 seeds each woere used in each test, one set heing the control
and the other seven receiving different strengths of current. [ixperi-

\\\::__:x with barley showed that the growth of treated seeds incressed

s
/

s

as the current strength ineressed up to w certain optimum vitlhie,
above which the growth decrensed with increase in current, strength.
With white mustard, rape, and red elover the optimum treatment,
for both roots and stems was identical.

Plowman (41, 41) has recorded the results of experimenis eon-
ducted at the Harvard Botanies] Gardens on the influence of sojl-
conducted currents on plant life.  Platinum or carbon eloctrodes
were nsed, with potentials ranging from 5 to 500 volts. The regi-
tation of temperature was a serious difticulty —a fact mentioned for
the first time in connection with such experiments and one that may
have been ignored in earlier reports. Plowman found that seeds
near the anode were alwayvs killed by a current of 0.003 ampere op
more if continued for 20 hours, Seeds at the eathode were little
affeeted by currents less than 0.08 ampere,

Gerlach and Erlwein (19, 20), at Bromberg, investignted the
effeet of weak soil currents on germination and growth., The field
was made up of seven plats of 200 square meters each.  Current
was taken from a car line and led to the three treated plats, which
were provided with iron plates 20 meters long by 30 centimeters
wide and 2 millimeters thick sunk mto the soil at hoth ends. Kach
of the seven plats was seoded half with barley and half with potatoes,

ELECTROCULTURE °1
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‘he treatment continued 24 hours a day for 86 days for barley an
,HH%U. ._ﬁ.ﬂ.\m for potatoes, beginning in April.  Both rm,lmw Eoi v%w;ﬂ_m
showed excellent growth, but no differences between tho treated a d
control plats were discernible at any time. O”%mm. ou.ﬂmwm._ﬁmdmw
were conducted with plants grown in boxes providec _Ma .%_ovw
and zinc plates connected overhead by wires. Tria maﬁa H.m:w
wheat, p:% lupine gave no difference between treated and untreate
5 uw.uavma er (24) reported that the passage of ?w&rﬁm%zmm%
currents through the soill was beneficial to v._pbmq grow - .em
experiments were conducted on a small scale, :mubw oémwvm wi
only a few plants, the treatment consisting of t ree mww_unmemﬁ_m
daily until the temperature of the soil reached 35° C., é& osw %
ciurrent was cut off. The leaves and stems of the S.mpnmr @Wm,.u
showed more nEE.:crmﬁ_ than the controls. A vro*%mwmﬁammvo.ﬁm
one pot cach of treated and control plants, the treated p Msn eing
about five times as high as the others. In order to ro mw:mww@
whether the heating was the main cause of increased mﬂcﬁw E%w r
pot was subjected to test currents for five minutes daily. L Mmm
plants were about four times the height of the controls when pho _ol
graphed.  From these comparisons Homberger concluded QE.W. M mm
oseillating field and not the temperature was the main npcmmmwc 0
stimulation, and he believed his results to be due to chemical ¢ p:m%m
taking place under the influence of the oscillating electromagnetic
field, analogous to the catalytie action of light. ents

In 1907 (17} and 1909 (18) Gassner reported upon experimen
with charged soil which indicated a genersl unfavorable action upon
ﬁ_mﬂwamaﬂﬂ% MW%V obtained unfavorable results in researches involwing

» 1,100 experiments. .

moﬂmszcEZW publicity has been given to an apparatus oeﬂzmm.m
“geomagnetifier,” a sort of lightning rod designed to ga >M~H. in
atmospheric electrical energy and supply it to the ﬂéww. ; o
those who have reported faverable results through the use of suc
apparatus are Maccagno (35), Basty (2), and Paulin ﬁ.w.ow. . q

%o the present time methods of electroculture employing soil-
conducted currents have few proponents.

EXPERIMENTS WITH MODBIPIEL} POTENTIAL GRADIENTS

irandeau (27), in 1878, reported studies on the effect of the
cr.\w_m.mﬁwi E::M._SO_: of the atmosphere upon the growth of <mmaeww_ow
He grew plants in & Faraday cage consisting of four iron rods 1.
centimeter in dianmeter by 1.5 meters hi rh, holding fine :czmgmﬁ,@m
forming 15 by 10 centimeter meshes. The CAge Was .mathm e ”.5
ordor to destroy the normal electrical ,mmE. FN@wEEmsr were
made with tobacco, corn, and wheat. The plants under the cage
were reported weak and slender. Six stalks of wheat mw.w.ﬁz in
free air weighed 6.57 grams, as compared with 4.95 grams for six
wn under the cage. . )
mﬁpmmwy%mw“c was led by m_‘_@mm experiments to the belief that high
trecs act as a grounded network, in that they shield the <@mm.aw.:_o%
beneath their foliage from the action of the normal electrica .HM )
thereby eausing & decreased rate of growth. ﬁ?ﬁw w.»_uma.m_ MMM
Thompson electrometer, he compared the strength of the field in
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open with that under vegetation. The results indicated that under
trees and shrubs the potential gradient was reatly reduced. The
experiments of Grandeau were confirmed by mgpmoﬁ.e {36).
opposed to the conclusion of Grandeau, the modern greenhouse
of steel construction constitutes in itself an approximation to a
Faraday cage about the plants growing within it, and yet the develop-
ment of the plants is surely not seriously impaired in consequence.
Likewise, Briggs and Shantz (10, 11), in their investigation of the
water requirements of plants, carried hundreds of pots of plants to
full maturity under a grounded metal framework, covered above and
on the sides with metal screen of 14-inch mesh, which must have
annulled the normal electrostatic field; yet the plants grown within
the inclosure were almost without exception superior in development
and luxuriance of foilage to those own in similar pots outside.
Lemstrém (32) conducted in Finland a long serics of experiments
to determine, if possible, the influence of static electricity on plant
growth. The presence of strong electric charges in the atmosphere
of northern regions, as indicated by the northern lights, linked with
the astonishing development of vegetation in such regions, led him
to H.mﬂz. atmospheric electricity as an important factor in plant
growth. Garden vegotables, fruits, and small grains were subjected
to several different treatments in these investigations both in green-
houses and in open fields. Lemstrém summarized the results of hig
experiments as follows;
(1) 1.36 real m:awn.mxm due to eleetrical treatment hags not yet bheen exac
MN”WJW“MM MMH.M%.@MM__H..«S_; plants, but we are approaching its smallest value ﬂ%
(2 he 7@»..&2. and more seientifically a field is enltivated and manared, th
wwwwwwfﬁ_%rm increase percentage.  On poor 8oil it is 80 small as to he mnm._é.,m%
(3) Some vegetables can not endure the clectric trentment if they are not
watered, bu : will gi i \ ine L .
wamawmwm“. n.%wn%m‘:sﬂ%wﬁ“ﬁhw%wm very high percentage increnses. Among these
lleetric treatment when aecom i : ine i i
most vegetables, probably to all; :.rmq%wwmmm m_.q“.wcw%m_cmﬂwﬁﬁﬁom““ nwﬂ% ﬁ%ﬂchm
at the treatment must he interrupted in the middle of hot and sunny duvs,

. Lixperiments similar to those conducted in Finland were conducted
in England, Germany, and Sweden with like results. . A detailed
mmma:wo_o: of all of these experiments mav be found in “Klectricit
in Agriculture and Horticulture,” by Lemsirém (32). ¥

.J.Smamw ,Ew, 43) reported on the ex eriments of Newman (37)
at Golden Valley Nurseries at Bitton, % small Wimshurst machine
was used, one terminal of which was grounded and the other connected
to wires suspended over outside plats and also to wires in seven glass-
houses, The wires were hung 16 inches above the tops of the plants
and were provided with discharge points hung at short intervals,
The machine was operated 9.3 hours g day for 108 days between
March 27 and July 26, the first half of the period in daytime and the
latter half at night.  Control plats were provided in all cases similar
to the treated m?? except without wires. The results recorded
are given in Table 22,
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TABLE 22.—Results of electrochemical treatment of garden crops al RBitlon, as
reported by Newman

Treated Notes

Crop plants
Per cend
17 Less subject Lo baoterial disease.

Cucwnbers, Increase. . ... .. ___
Rtenwherrlos: .
f-vear plants, inetense______ . ... ... .. . 38

t-yesr plunts, increase_ . R L Mora runners produced.
Broad beans, decrease. ._ ... . . 15 b days eartier.
Cnbbage. ... .. _ . T P
Celery, increase. _________ - B 2 10 days earller,

‘Poimsatoed (no difference). _ . ) P

C:l:gomaEmﬁzs.p::rﬁb::i::Spméouwmumpn Gloucester
with Emmﬁ voltage and wires 5 feet from the ground.  The following
results with treated plants were reported: Beets, 33 per cent increase
and higher total sugar content; carrots, 50 per cent increase; turnips
showed an increase, but the percentage was not recorded owing to
slugs.

_M._._ 1906 Newman (37) and Lodge (33), at Evesham, began some
electroculiure experiments using about 40 acres, 20 of which were
electrificd with & network 15 feet above ground. The Lodge ap-
puratus wus used, 22 poles carrying the wire over the area, with small
‘wires 12 yards apart. These experiments were continued several
years. The results are summarized in Table 23,

Tanre 28, —Results of elecirochemical freatment of crops al Evesham in staled
years, ag reporfed by Newman

Elsctri-
Year nnl crop fled Notes
crops
15N
Wheat {vlectrifled prea 12 netes)— Per cent
Bold for 744 per cent higher price when lmkers
P 1% found il produced a Yetter baklng ft Tha
M _E,:‘?S. Tttt oo uc somewhut poor yield from the contro! § whs
TieTense probubly due to deficiency in lime, sfterwards
rectifled,
1907
Whest  (electrified area 11 acres), in- ﬁ 29
LTOASE, 18 IZstimated by cartloads,
Btrawharrles, increase 25
T
Whaeat {electrified area 7.08 acres), in- 4.3
erease,
Sirawberrios 9 1y season.

30 | By weight per plant (average),
. | B.4 | Iy number (average).

Newman reported later (38) that during seven successive years
(1905 to 1611) wheat gave an average increase of 21 per cent in weight
of grain and an increase of straw which it was not possible to measure.

W::i\o variety experiments conducted at Dumfries, Scotlund, by
Dudgeon in 1911 and 1912 (14) gave the yields shown in Table 24.
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TaBLE 24 —Results of eectrocullural treatment of polato rarietics af Dumfries,
Seotland, by Dudgeon in 1911 and 1912

Yield (tons) |l Yield (tons)
Varisty - Varioty R
Treated | Contro 7 Treated | Control
Ringleader_.. . .. . __ . __ B. 08 5. 85 _ Qolden Wonder . ________ . __ 874 R.12
Windsor Castle. __________ - 11.72 & 88 ﬁ Great Boot . _____ . - 1.79 LIt}

In 1912 further experiments at Dumfries were carried on in another
field, exposed to wind from an quarter. Two corners of the 4
acres were treated, the others left as controls. No difference in
Wmm_e_ was recorded, and it is explained that probably all plats are to
e regarded as treated plats.

In 1915 Dudgeon conducted an experiment with oats. The erop
was grown on ground that had been used for similar experiments
on potatoes for three years. Two adjacent plats of 115 acres each
were mw%m;no;. by a well-grounded wire sereen 3 feet higher than the
charged network. A sensitive eloctrometer showed that the screen
reduced the leakage over the control plat but did net altogether
prevent it. The scason was dry and the crop was not heavy. From
early stages the treated plat showed s marked superierity in com-
parison with the control, and did not suffer from the prevailin
drought to the same extent. The electrical discharge was_applie
about five hours each day for 108 days. The weights (pounds)
recorded at harvest were as follows: Treated—grain, 1,309, straw
2,476; control—grain 1,008, straw 1,572,

. - These figures indicate an increase of about 30 per cent in grain
end about 58 per cent in straw. - Analyses of the grain from the two
plats showed practically no difference in quality.,

Blackman and Jgrgensen (6) have also reported experiments by
Dudgeon at Dumfries, Scotland, with oats. In & O-scre field 1 acre
wag selected for treatment and two halfcacre plats for controls.
The distance between the silicon-bronze wires of the network was 4.5
yards.  Current of 3 amperes at 50 volts was supplied to the primary
cireuit, giving a greater intensity of discharge than that obtained
in the experiments of the previous vears. The discharge was started
just as soon as the crop appeared above ground, and within a month
& marked difference was noted. The treated plants had deeper color
and were higher than the control plants.  Throughout the season the
treated crop was 5 to 10 inches higher than the cortrol. Plants
around the network also showed the effect of the discharge.  The
total application from April 14 to August 17, daytime only, was 848
hours. " Heavy rains did a good deal of damage. The comparative
yields were as shown in Table 25. .

TasLe 25—Resulls of electrochemioal treatment of oals ab Dumfries, Heotland, by
Dudgeon, as reporied by Blackman and Jérgensen

Ylelds {paenda)
Fleld B Qrain Straw
‘ Quality 1 _o_E:ﬁ Bunches | Total | Per bunch
Control 1 (half acee) . e 040 210 o 1, 218 123
Treated (aere) . 1T 1, 42 696 316 4, Y24 th fi
Contral 2 (hallaere) . [ 1077 T T4 210 103 1,40 13.4
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These results indicate a 49 per cent increase ingrain and an 88 per
cent increase in straw for the electrical treatment. .

The Liverpool City and Electrical Engineers reported on experi-
ments cohducted near Liverpoel, England, in 1917. Two plats in
newly plowed pasture land separated by about 375 feet were used,
an analysis w:.mﬁ,@zbm that the surface and subsoil were of the same
character. Various plant crops were grown, and in general the elec-
trified area gave substantial increases in yield over the control ares.
A copy of this Eﬁ:i_ is on file in the Otfice of Biophysical Investi-
gations, Bureau of Plant Indnstry. ) )

Honcamp (25) has summarized the results of several previous in-
vestigations and pointed out serious objections to the methods used.

.._...»:rmNa.|~_€u::zﬁ.ammw:.q_;ﬁ:fsa?ma?&:?c\oah crops at Mocheln, Germany,
aceording to Gerlach and Erlwein )

Retative ylelds Composition {per cent)
Grain Straw
Flectrical anrl soil (reatment
Galn Straw i
ry mat- Bry mat-

tor Nitrogen ter Nltrogen
24. 60 ol 4 1.64 T4 0.32
1 H. By 92. 4 1.70 . 2 R
! 20. 6l R7. 9 213 7.5 .48
. 20. A0 9 2.4 4.3 .88
i 16 ) 00. 4 1.85 8. 8 .82
TOoem 90. 1 1.67 %8 .32

iy izer, irrlgation. o 27,30 90. 4 1.4 71.8 R
Negative, fertilizer, imlgetion . ! WMMM wm_.w .w mm w.wm ﬁ
Positiv izeT, no :.,:mx::: . M, 2 b3 uu b bt . ne -3
2100 28,00 B4 i.R8 76.8 .28
17.80 18. ) 90, 4 1.72 78.4 .38
Alternnting current: -

‘ertilizer, irrigati 2.2 3180 91.7 1.81 78.4 .
Feriien, imigation ... nwx 3o b m ...M WWW : uﬂw

' Ye .r, Do itrigat lon” T T 19. 50 21,50 91.3 1 , .
Fertilizer, no irrigation e 1250 o P w.m MWW : %

ilizer, no irtigation i 18.00 1H.00 91,1 . 5 .
Do _:.nm:o._ ...... ’ . 18.00 18, 00 014 1.83 85,0 .26

BUMMARY OF RELATIVE YIELDS OF (JRAIN AND STRAW

High-tension ¢urrent

Na-elec-
Fofl treatment tricity Direct
| Alter-
nating
Posltive | Negative

19. 80 21.00 17. 80 18. 00
2,75 21.80 2. b0 19. 70
27.7 27,80 27.80 .10
15.40 23.00 18,20 18.60
3.2 4. 40 2250 21.30
or, irrigation.. . ________ . B 43, 30 36.20 7. 80 81,90

On the Continent during this period many cleetrocultural experiments
were carried out, using networks charged to high potentials. Reportsby
Histermann (22), Gerlach and Krlwein (19, 20), Clausen (13), Breslauer
{9, and others indicate that no benefit may be expected from the use
of the network.  The German experiments made use of an extensive

o
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and variable complex of conditions, designed to include the study of
positive and negative potential in relation to fertilizers and irrigation
and the relation of these factors to the composition of grain and straw.
The results shown by Gerlach and Erlwein reporting experiments
with oat crops at Mocheln aresclected as representative. (Table 26.)

It may be well worth while to consider Table 26 in some detail,
since it seems to represent a thoroughly impartial study of the
methods which have given snccess a_moimﬁm.

The ingtances in which duplicate trials wero run and the agree-
ments to be noted for these cases show rather conclusively that lack
of uniformity in soil conditions was not a disturbing factor in these
experiments. The six plats giving notably higher yields are those
with fertilizer and irrigation. These are in good agreement and show
no appreciable advantage for the three types of electrical treatment
represented, the averages for relative u\mm_%m only being as shown in
the summary of Table 26.

The plats in these experiments were about one-fourth acre each,
the control plats heing separated from the electrified plats by ahout
325 feet,. %rm otential of the direct-current network was ahout
30,000 volts, whereas that of the alternating eurrent was -about
20,000 volts. The statement of Lemstrom that the better the con-
dition of the field the more favorahle the influence of the high-tension
discharge is not substantiated by these trials. In brief, the German
experiments give little evidence of any definite crop increase at-
tributable to the electrical treatment.

In 1913 Dorsey conducted greenhouse experiments in Ohio with
radishes and lettuce, using a high-frequency current. In a letter to
Doctor Briggs dated August 18, 1913, o reported the relative weights

of 10 plants selected at random from each area. Theso are shown in
Table 27.

TaBLE 27.—Resulls of electrocultural treatments of greenhouse

radishes and lettuce
in 1918, according to Dorsey

Relutive weights {grains)

10 planta Radishes Lottues

,H:S?ag Contrel | Treated | Control

Total.

........................... 5. 7 180.0 87.0 4.1
Edible portion____ [0 10T _.#..; ™4 a0, 7 $1.8
Topa.._. ... __ - 120.5 5.0 |\
Roots.________  ____ -- X

Dorsey also conduected field trials with o high-frequency eurrent.
The plants used were beets, lettuee, cabbage, beans, melons, eneum-
bers, and tobacco. Thoy were planted in long rows, one-half of cuch
row being under the charged network. The treated plat covered
about half an acre. The network was 9 feet, above ground with wires
15 feet apart and carried a voltage of ubout 50,000 at an estimated
frequency of about 30,000 cycles. The power was taken from g
714 kilowatt 220-volt transformer supplying 11,000 volts at G0
acycles and exeiting an oscillating circult containing the network as
capacity. Treatment was given daily, threehours in the forenoon
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and three hours in the afternoon. A generally favorable Emwh.m:o.m Mﬁm
the discharge treatment was reported. Unfortunately total-weig B
were not included.  The results for the second year Emwm_ m%m%?r %@
unfavorable for the discharge treatment, and Dorsey conclude w.nw a
wrhaps slight differences 1n the slope of the two plats may have
*z,c: responsible for the favorable results of the first year. .

At the present time perhaps the best evidence of plant awm—w.ou%a .m%
electricnl discharge is that obtuined by Blackman (4, §, 6% &
of the electroculture committee of the British Ministry of icul-
ture and Fisheries. IHis experiments extend over a period o uﬂm:m
and comprise field triuls, pot cultures, and lnboratory gmmam, 8 ,Ua_u
which he interprets as affording converging evidence for a mMcmv?a
growth response to the application of eleetricity. On account o M
practicul possibilities associated with a treatment assurin Eogwm..wv
m::ﬁr it seems desirable to examine 1in some detail the data whic

» given rise to this assurance. )

_:M,A_.Sm.mza trinls carried on in England by Blackman w.b& his as-
socintes huve given thoe results which ure summarized in Table 28.

TabrLe 28.—Resulls of electrocullural treatments af grain crops in England, as
repurted in field experiments by Blackman

Yield per acro
Acresge  (Duration| - (hushols) Ratlo of
i " ol treal-
C'rop snd year Location o ment p%ﬂﬁo%h"—b
Treated | Control (hours) Treated | Control

: : b 557 2.7 16.0 120

“““ Mnchden - o e BB | 628 420 149

o .33 3 1, 060 5.8 ey 113

Y] 13 1,060 42,2 44,0 .3

] 43 1, 060 36.9 38.1 .96

.25 06 704 5.5 54, 1 1.34

Lz 0 M 4.9 584 1.45

LB 08 T4 B0, 4 4.3 1.73

| 15 710 6.8 45.2 .80

1 1t 7i0 451 £3.8 Lo

1l 11 710 £3.3 28,9 1.84

50 33 456 47.0 5.6 .87

: . 456 63.8 48,2 1.32

MM ..... mu 450 50.8 48.2 1.05

50 .33 456 0. 2 59. 6 Lo1

il 1 911 36, 2 4.8 .80

. 1 1L 911 4.5 46,1 .04

1020 Lodol LT 1 911 5.8 33.0 rmm

........ .m:._.z.:n Adnms Agricul- .33 L33 7 793 80.0 56.0 .

" _q_.__.._, Cotlewe - RO 763 52.5 56.0 .83

S Liv L0125 .25 1, 500 17.8 13.1 1.35

:.;ﬂ__wzi. o ] les LD 643 .7 36,4 122

S ldollll Ll o 10 43 47.4 527 K]

“““ do... .l & .10 643 40, 4 3.3 L t1

do .ol 1) _50 7R 3.7 2.5 Lo7

do LTI 5 .50 86 33.0 25. 17 131

50 854 21.4 14.3 1.49

M“m S 50 54 22.3 17.4 198

Ao 2 77 18, 54 20, 4 .92
1920 el 25 2] 1835 18. 24 1.006
Spring wheat: 10 78

U I .33 940 7.6 )

T RPN R .33 %40 _v 23 |t 79 .93
LT e .33 [ o 6.3 1. L&

.......... - 114

Average ) O AR ALl [EAREAAELY

¢ (Correspondence i‘m‘; the Mffice of Biophysical Investigations, Bureau of Flant Industry, mou_...sta_.
2, 1924,
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These tabulated values are in many ways not subject to biometrioal
snalysis; they represent the results of experiments carriod ewt with
varied complexes of seil, season, acren e, crop, and electrical treat-
ment. Nevertheless, in the absence of any definite knowledge eon-
cerning the comditions mnder which an electrioal treatment may be
presumed to be mest effective there is perhaps no better index than
a comparison,

Of 33 trials shown in Table 28, 21 indicate an increase for treated
arens, wherees 12 indicate a decreanse. The treated areas return a
yield represented by the range 76 to 18¢ when the untreatod areas
return a yield represonted by 100 and give an average increase of
14 percent. This increase is based upon yields reported for experi-
ments regardless of ogw or seasonal normality, and Blackman esti-
mates the more reliable experiments as indicative of an Average
increase in yield of about 22 per cent. In either case, such an in-
crease would seem sufficient to be of promise from an agricultunal
standpoint. If an attempt is made to determine from these tabu-
lated valwes the conditions under which the increases wepe obtained,
serious difficulties are immediately encountered.

Unfortunately the nommal productivity of the electrified and
control areas is in most cases unknown, and a serious luck of soil
uniformity is evident from the yields of different portions of control
nreas.  For example, in the 1919 and 1920 plats with oats at Lin-
cluden, which occupied the same arcas for the two years, the control
yields were as shown in Tuble 29, in which the relative yields of the
corresponding treated areas for the same years, the controls being
taken as 100, are also shown for comparison:

TaBLE 29.—Comparison of the resuils of electrocultural experiments with oal orops
at Lincluden, England, in 1919 and 1920

KRelatlve yields of alee-

Acra yields of control trifled areas, the eop-
lats (bushels) trols being teken as
Area 100
— e — e o
1919 1920 1019 920

Beetlon [ 5.2 4.8 80 )
43.8 44. 1 102 M

28 0 33.0 184 158

It is obvious that the yiclds of the third section of the control
area were uniformly low compared with the yields of the other
control sections and that this fact is almost certainly involved in
the high percentage increases arising for the third section of the
o?:ea% area. It would therefore appear that these purticular
increases may be attributed to a lack of soil uniformity, and the
importance of this unknown factor is indieated.

he mos$ consistent series indicating favorable responsc to electrical
treatment appears to be the 1918 oat trisls at Lincluden. The plats
in oats ut Linchiden gave the average annual yields shown in Table
30.

The yields from the clectrified areas in 1918 seem to have been
so exceptional compared with the clectrified areas for the three
other yoars that one may question whother it is justifinble to attri-
bute the increase solely to M___c electrical treatment.,
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o 1 tg of electrical {realmenls of ou ¥
TapLE 30.—Analysis of the average resul _L‘. irieal treatinants o o
Lancluden, England, tn the years [917 to 1920, wne k
[ ™y o
) . i Avorage sere yielq 17 -
Average acra yialds -
{bushels) Ratio of (bushelst N -
Year treated to Year e ::
sostrol i _ (ont _w.,w #J_m::_
Treated | Control Treated ! ontrg) F.vrr Nt
, | *airol
45.0 a9 T
1917 . oo 44.6 44.0 1O f 1819 PR : 3
s 80, 2 53. 6 (0 1 T L 4 :..: e
L . S S SO P Ln
e - Lo

The instances specifically considered in Tables 29 and 30 a:_ B
the most notable of the percentage increases reported by Bl .Mwa vige
as shown in Table 28, and they are therefore in a large mea, Tty an
basis of the 22 per cent average increase reported.  One is :Eﬁ the
without definite assurance that the feld experiments dem, Uy

: N n
a favorable response to the electrcal treatment. gy left

i Eate
The pot-culture experiments in England hy ) Blackman - :
associntes gave results which are summarized in Table 31, b | his
TaBLE 31.—Results of eloctrical pot-culture experiments with grain erof
land, according to Blackwun oy
[, . 704
- Yiehds (grams)
Yields (grams) Nw:opoq Y Lo W _ B
el 1 ctop sy | treated to)] ear and or ) .
Tor et Treated | Contrel | ©0Btrod Treuted  Contrg, S.,w.n.
LN .
[ . Oy
‘ T | —
i 1920: ! .
s .
’ 2 0.08 - . e i -
wheat.......{ OB am|f % Malze . v 1.5, A
i.43 102 ' }
Maize . _______ 121 1.39 mw Rarley_ ... ... _* hﬁmf : wmm
2 50 ) : ]
2.2 8 [ . 1 s | S
2,12 230 92| Whent . }M _ﬁ Lo
urlay 1.98 86 |i . i .
Pty - ur 175 | et 148
1.1 128 90| 10, ¢ .0
1 Hw .86 _ v 4! A 115
8.12 104 | V g .
8.37 7.78 107 D , ; L
Madeo .. 7. 41 R arley . ! .
o 10. B4 126 46 L
18,36 8. 54 1.2t : !
10. 85 1.27 - L
my; o L
570 582 ) Yo _
6. 81 587 1.2 Maize If L
Maize . 2. 52 2.32 1.08 | T ,
18.73 .96 5o A * .
18, (3 17.28 2 , .
15.01 # mm e =L
13.72 .7 . .
18.60 . .
tarley. ... 15.84 v .84 . ; .
Horley _— 176 16. 80 .69 m _ 7 1

As with the tabulated values for field experiments. so here o
resulis of the pot-eulture trials represent more than the 1?4 O e
charge 43,?.er soil and seasonal factors vary ns well as et dig.
and the duration, nature, and strength of the electrieal :..::\ Cro

Muking a comparison, 26 trials out of 47 give positive ....,.m::r\imd%
21 give negative results. The treated plants return .,‘:._meir:m
sented by the range 73 to 127; when the untreated plants vot O
yield represented by 100 and give an avernge increase of 1 rﬁ.cq: -
This increase is well within the experimental error, and the S
culture trials in their entirety thus furnizh no definite evide:® .

. e ?;‘.
response to the electrieal treatment. ty of g

z_z:. ’

. 1
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msoo:agmﬁﬂogmmmﬁox.
wmﬁ_::u:;r:ﬂoﬁﬁgm:To i
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! twe ated and u g
pvﬂ«mﬂomw involved in the EmchEmMﬁmmSm plants with the prob-
en the pot-culture records are examined in thi i
\ y . od in this way, it 1 )
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. 1 and seasonal fact stri
M“ﬂohm.ﬂﬂ.ﬂ plants the association of these A:m.www:ﬂwm Mﬁwwzmﬂm
_ ecomes intimate. The fact that these diffe W
MWM oozs.m_u_, plants about as often as the treated v_:rﬂmzwﬁmﬂmmwéq
QEA.M%E_U exities involved and makes one less certain ﬁr%ﬁ th w“om
Ter SHEW are definitely attributable to the electric discharge e
ok mc % %ﬁwpmm %WH%.EEM,%.E om. Blackman and his ;mmoim& have
Hoect 8 direct current of verv low intensi
Mwm %.mﬂgamcmmmawg Mmmero %o_mctﬁzo of vmleurQUEAHH.MMMMMJM%%M
wt reated and control plants wer _ : ,\
periods. The small differences nttrib e et ghort
! table to the d !
current and the pronounced afte y o ageion of the
\ 0 er effect. ! ¢ i
v—.mgrc: of _or:ﬂmwg. difficult and :wommﬁmwmvgz:: muke the inter-
_In general, then, one finds in Bluckman’ i
g b kman’s experime
w.%ﬂ-ﬂ.%m:w Ah_m.ﬁ.;:amm va;ﬁ.ns the electrified EL ::_Hmwmm H_MMHMW
s fm.: _wmoprM._m%%m M&mﬁc: a.v the n#mmarmwme to these ﬁ:m..w.obocm.
1 : s stioned.  In others the relation g :
Intimute one, and the significance of such &m.cwodmcmm%_m_mwmm b ﬂa to
concern of further research in clectroculture. mmediate

TaBLE 32.—Summary of elecirocultural trials

Definite influence repor i . q port
Methd _ Defnitelnfiuen ported Nao definite influence reported
Yeur Observer Yoar | Observer )
Rofl-condoeted currents: B o . o
B0 ___ .0 Warren. .
i {(dermination.__ 1592 ) i
i Oermination. ______.__ eIl 8,0 )___?m:nz.n.
1847, p 02 ) Flammarion,
v s 1905 i Lbwenberg.
Yot enltures ... __. A:xﬁ.. _ i Stone 1948 | Solly.
1914, Womberger .. ..
1860 ____| Fitehner. .0 70 777
Fleld trlals. ., ___.__. A“wﬂ ..... “nr_z..b%.....: U 1907 Cassn
Holuble plant food . 1016 | e 1909.__.| Gerlach rlwe
Modified atmospheric H,SH 0o YeRoron. .. I o i
tential gradient:
401 S Lemstrtm. . ___ ____
“W_Mlc: W:.Em. Newman__ . | 19070 CGiassner
913, OFSOY_ ... 1909 - n’ ) i
Inereased potentinl____ 1914 ._.._dqmauweb. Priestley, | 1508-1010 Wwﬂ,ﬂwﬂw:; Friwein.
udgeon. _WS ‘‘‘‘‘ Héstermann.
7 Blackman, Liver -1 ovsion S
o %__:...JE. pool en- [ 19181624 wu.__n_ﬁm Campbell, Heald,
[ J— ascarto_ .
Decreased potential.__ *qum “““ Qrandeau_ _.________ .7 “wﬂ.m \\\\ Wa_. 2
Mo, Histermann . . _ ..-.ZIH ...... ige and Shants.

H.ckw_.ﬂwaqhm“:wﬁ:”:rw ﬁ“wﬂwﬁeﬁ._a AM electrocultural experimentation up
0 the present time does not lend assurance of great progros
32.} In 1800 Senebier (45) wrote mcvm?:S:m«w as _mc:.wémm“. (Table
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The researches of Maimbray, Nollet, Bose, Menon, and Jalabert would
indicate that electricity aceelerated the development of plants, both in their
germination and in their subsequent development. Nuneberg, many years
afterward, repeated the same experiments with the same results. Linné and
I{ustling observed the samne effects. Achard confirmed these results. Berthelon,
in & treatise on the electricity of plants, has summarized the information on the
gubject and gubstantiated it by further research of his own. Gardini, from work
earried on at Lyon, affirmed the influcnce of clectricity on vegetation. Carmoy,
d’Ornoy, and HRosieres have defended this opinion in the Journal de Physique.
These doctors base their conclasions on the identity of natural and artificial
electricity, on the continnal electrified condition of the atmosphere, and on the
meteorological phenomnena which indieate in & more or less sensitive manner
the presence of clectricity; the different elevated parts of plants, which are ip
themselves excellent o« jetors of electricity, offer in their leaves, as De Saussure
has observed, the proper points to receive the electrie fluid. . . All these
expericnces led to the opinion wtaled when Ingenhousz published experiments
which proved that clectricity would not produce the effects upon plants which
had been aitributed to it; that clectrified sceds @ would not germinate quicker
than others.  These experiments, reported in the Journal de Physique for
December, 1785, were confirmed in the same journal for December, 1786, wera
given further support in May, 1788, and were mnm:« summarized in * Expéri-
ences sur les véghtaux.”  Various other workers later confirmed these re-
searches. It scems to me at present {1800] that the opinion of those who believe
that eleetricity does not faver vegetalion is more logical than the contrarv
opinion.

At the present time (1924), there is still a diversity of opinion
concerning the influence of electricity 1n plant development. The
aloctroenlture committee of the British Ministry of Agriculture and
Fisheries recommends (1923) the contmuation of experiments with
high potential discharge,’ Newman (38) in England constders
electroculture by the same method as offering practical assurance
of increased returns. DBaines (1) pownts out a wonderland of electro-
biological relationships. On the other hand the experiments of
Gerlach ﬁ:rﬁ,.rﬁ:z (19, 20) in Germany and the experiments
reported in the first part of this bulletin show no increased growth

definitely attributable to electrical trentment.

4 Leig nd Tayler (4 report experiments with elocirified seed which indieate no advantage gained
hy tre &
Ty pewritten e

port on file in the Office ot Blophysicul 1nvestigations, Bureaw o Piant Indusiry.
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CONCERNTNG TYHE Biomcm. EFFECTS OF EXTREMELY LOW FREQUENCY ELECTRICAL PHENCMENA
IN THE ATMOSPHERE —_—

Kronig, U. .,

W. 0. Schumann developed theoretical predictions of electrmagnet_ic resonance
phenomena in the cavity which is formed by the earth and the ionosphere. Measure~
ments have been carried out for several years in the fre;quency range near 10 cps.
It was possible, for example, to record simultaneous!y in tl'1e U. 8. and in Germa:_'ry
electromagnetic oscillations caused by strong lightning. Siynals were observed in

= the.frequency range between 0.5 Cps. and 20 cps. which are due to field variations

of local character. The signals were simulated and their ef_fects.observed. Pog-
itive results were obtained by measurements employing galva:uc skin response
records. The moulting of the Aphid changed under the influence of artificial ele~
ctric fields. It was possible to affect the growth rate of lactic-acid bacteria
and of yeast cultures. The yeast cultures under the effect of thes_;e fields rgached
the same growth stage after nine days as control cultures, not subjected to fIEJ.ds,l
after 15 days. A last test was concerned with the investigation of the growth

of germinating wheat seeds. It appeared that after one week of development the
seeds subjected to electric fields grew, on the average, to a length 23 percent

greater than that of seeds which were not subjected to electric fields.

STUDIES ON THE BIQLOCIAL EFFECTS OF GASEOUS IONS. A REVIEW

Krueger, A. P., Kotaka, S. and Andriege, P, C. . .
Special benogréph Series, 1966. 1, Biometerorological Centre, lLeiden

The experimental program on biological effects of gaseous ions conducted at the
University of California during the past ten years is reviewed and relate_ad(g) "
similar work done in other laboratories. Acgeptable-e\rldence exists that: . .
and (-) ions accelerate the death rate of micrococei, E. COLI, S. MARCEI;EHT .

and fungi. (2} (+) ions raise the blood level of 5-hydrpxytryptam1ne ! il c;ns
mice and produced generally inimical effects on the respiratory tract. et
lower the blood level of SHT and reverse the changes evoked by (+) ions. .

and (-) ilons accelerate the growth rate of higher plants. .'I'hey also hasten Ee.nt
on set of iron chlorosis in plants grown in an Fe-free medium. _Mieanee;silpreS ’
they speed the uptake of exogenous Fe, increase the 0, consumption of s mgt};e
increase the content of cytochromes and other Fe-conta}nmg enzymes, dec'rease
active Fe fraction, and increase the residual Fe fracthn of the plant_tlsiue:
This experimental evidence has been utilized in de\_;elo.pmg.an hypothesis ci) air
ion action on the plant sites responsible for Fe dlstrll?utlon. (4) When. arv:ﬁ

of the silkworm are exposed to high concentratlong of either (+) or (-) ions : e o
rate of growth is accelerated, there is a marked increase in the product;on‘o cy
chrome oxidase, peroxidase, and to a lesser degree, catgla;e, ard thestglréjmnglo_
of silk begins earlier. (5) The effects produced by air ions vary wi : :he
logical substrate and in some cases with_the cha.rge.axﬂ dmemcaLl‘natl:ureta:es -
ion. The physiological changes can at times merge into patholqgu;a_ s 2 démand
Experiments with air ions are difficult to perform and to be significant,

‘close attention to preclude interference by factors such as air pollutants and

stray electrical fields. '

’ 96: 49235b Effect of the magnetic field treatment of corn

leedls on th}fﬂl pllnyt')sf)%logic&l—bi}gchemicalCstite of seed% a;d . ’
seedlings. aslobrod, S, N.; marova, G. E; Vrabii, T. N; . -z s -
Shkolenio, V. V.. Krasnobnev, E, N Lysikov, V. N, (USSR), Y™ g6. 67828b Errgcu_ofmazne.‘l‘“" e o "fufiov;hg:;?::fﬁ
f2v. Akad. Nauk Mold. SSR, Ser. Binl Khim Nook 1981, (5), % current on activation of soi Faiion Are ead Peop. Rep.
5-14 (Russ). Dissym. (with regard to the embryo shift to the ¢ Lu, Kaichun (Inst. letkTF.eesi‘galuJ (0 l%?—S. (Ch). Treatment
left (L) or right (D)) and sym. (8) seeds of corn responded China). Fujian Nongye Keji r;d(ori low-frequency current
differently to treatment by const. magnetic field (7 KE) for 15 of soils with magnetized watel;'. ﬂtion of soil P and K. As a
min. Most responsive were L-seeds in which the rate of HyQ * (05 or 5 A) resulted in an activa

+ uptake and the K and free amino acid contents 24 h after the " resuit, the bioavaitabilitv of P and K was increased.

swollen L-seeds was generally highest when the emnbryo was
oriented towards the northern magnetic pole. The magnetic—field
treatment had a pos. aftereffect on seedlings grown from L- and
D X e magnetic-fisld treatment decreased the activity of
Mg2+— and (Mg2+ + K+)-stimulated ATPase, but in rootlets of

ings from L- and . some increase in K+-stimylated
ATPase activity was obad,



The Theory of Electro Culture
By Robert D. McCreery

" we believe in the ionie theory of
- Electrolytic Dussociation” we are cop-
rvineed of the fact that when an electije
fcurrent is driven through an electiulyte
I there is prodiced 2 movement of the “ions ™
l'that carry charges of clectricity,
! In the use of direet current the negative
ions move to the positive electrode and )
positively charged ions move to the negy-
tive electrode.  When alternating eurrent
i3 used this is not the case; the ious move
rapidly first in onc dircction towards one
electrode, then in the opposite direction

gtate of intense vibration of an oscilluting
nature, cansed by, and in unison with, tha
waves of ihe wl{ernating current.

What then happens if we discharge high
frequency electricity through an acre f
soil tn metellieally coated  seed, frop:
cleetrodes (parallel to each other), cuw
hedded in the carth? _

been gaseous ions set free. When the
clectricity is applied, these iens set up o
aetive Lombardiient on the seeds and tin,
roots of thd . Mlet and since the secds
and roots arc porous it must be ovident
from a mechanieat standpoint that some
absorption, by the plast, of the gascous
ions takes place.  After being abserbed by
the plant raots these ions arc still subjoct
to the influence of the high frequency
electricity which, during application, will
set up vibrations within the cells of the
plaut.  Such an action will mechauically
enlarue the cells in the tissues of the plant
and allow it to grow more frecly.

The discharge of high frequency eles-
tricity through soil is also equivalent to
acration sinee it causes air to be drawn into
the soil with it.  This is in a great measure
the priacipal benefit derived from cultiva-
tion and is, therefore, an important fuctor
in agriculture hecause of its stimulation of
bacterial action.,

Morcover the discharge of high fre-
quency eleetricity through the air com-
bines with the meisture in the seil to
prasluve nitric acid, which contains nitrogen
in a form readily available aa plant feod.

On the other hand the electronic col-
listons of the ions with alkalies in the earth
preduce nitrites. The carth in a sense
becomes & storage of nitrogen that must be
changed by the soil bacteria before it
beeames availuble as plant food. T}}Lﬁ
miakes work for the soil-building Lacteria.

In 1909, 'rof. G. E. Stone of the Masan-
chusetts State Agrieultural College, prm'mf
in a serles of 1estz that by dischargieg Pﬂ_fh
doy o few sparks of slatic cleetricity
throngl  =oil containing bacteria, theso
organismsin 17 daysinereased 600 por cet.

There is auoiher influence of electrinity
on the bacterin which might be termed
Lacferisl stimulation, Pacteria are stug-

&

artion of the current on their bodies in-
crea=es Lhelr aetivity. .
With 1he above proven facts mn mix_ld,
is it at ol surprising that enormeus ‘J-’\'
erenses in production have becn repar:e
wlere eteetricita has been ]lrop(‘ﬂ}' appli
to this new art of promoting the growth ©
i vegetation” ]

towards ihe other. They are as it were in g

The earth is in this casc the e]ectrulyte-,-
in which, by the action of water, therc havs -

"PWY e
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gish  micro-orgavisms and  the galvaric.
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Electrified Artificial Rain for

Agricultare
A New Sywtem of Drigation

E have had ossasion in these solnmns

io refer repoaiedly to experimenia
wrried on by Sir Oliver Lodge and others
on the infuenos of elestricity on the
powih of plania. Mr. Emilio Olsson of
Busoos Aires, Argeniins Republic, »t
present in the United Btates. has of late
yuss, beon giving his attention to the
praatical  development of a proocess in
which it in propossd to make use of elec-
wifisd water for sprinkling flelds. The
mventor claims that his experiments
demonstrate the practiesl ukility of such
3 prooodurs, The benefits which are sid
o be seoured are twofold, First, there
& a direot advantage to the plants, snd
woondly, Mr. Olwon states that sccord-
ing to hizs obwervalions various harmful
insecta wod other organisms wre destroyed |
beesuse of his process.

The noed of artificial irrigation ta severaly
Iels it many places whers, owing to the
mature of the olimats, long terma of
drought bave to be sontended with. It
b partoularly in sueh distrists ss these
that Mr. Olsson proposes 10 introduee his
srstom, by tha nid of which he expects to
inerease the arop and o combat affeotaally
drought, inseots and other troublee. The
wat of the Olsson systom in estimaled st
s figure whish iz quite moderste as com-
pured with the benefits to he derived. The
eost of instailation for the sprinkling appe-
mtus is Agured ai 350 to $100 per sare,
soording to loosd conditions.

The syslem iz very simpie. The water
W ruised to & muitable height by & metor
o¢ traction engine. The mpply may be
drawn from & river, stream, artesian weil,
or uhy other suitable souree. Two high
wwers may be installed, from which pipes
am suspended by mesns of suitable sup-
porting eables. The pipes spply cireular
nray nozziea which revolve sntomatioally,
and five to tan acres of land can resdily
be thus supplied with an evenly distributed
whower of water. ’

When it is desired o ume slestrifled
water, & reservoir in used, intc whick the
watar s pumped, to be subsequently dis-
tributed in the manner indicated above.
The reservoir consista of an iron tank
plsced on nn insulated support and charged
tmm & dynamo supplying 0.5 ampern &t
110 volta, The iron wall of the tank
wrves ns positive pole: the negative pole
swnriats of & oopper wire insulated all
exoept the tip. b ia claimed that certain
rhemical reactions take piaoe in the water,
with production of oxygen. orone, and
hydrogen peruxide at the anode, and tbn.t‘
eertain of the products formed are bene
beinl to the plants  Mr. Olsen further
migpesta that this electrifiestion of the
water would tend to purify it and render
it better adapted for drinking purposes.

Mr, Olspon has installed his apparatus
in & plantation near Buenos Aires and
tates that by the ues of six sprinkling |,
aorzles &t s height of 5 meters above
yround some mix hundred acres of ground
mder cullivation were treated with very
beneficial rosults. The sppecatus has aleo
teen adopted by the mupicipality of '
Buenos Aires and is giving sstinfaciion in
the pablic parim and gardens in that eity.
Mr. Olsson also staies that during the
long drought from which the republio suf-
fered for over rix months in 1910, he wad
thls 1o produce s very Ane crop of alfalfs
wd vegeiables and o supply the owners
of race horses with fresh fodder. By
installing = mystam of artifivial irrigation
aver some part of their crop, larmers
thotid be mhle Lo insure themaelvos agminsi
dronght, falling back upon srtificial sprink- |
ling in case natural rain fadls. !

Incidentally the interssting suggediion |}

.

s made they the water line be used =t
the same time to sarry the current for
Yighting wnd other purposes.

Mr. Olmon's invention has been pro-
tected by & mumber of patents, nad the
inventor has thown much perseversnce in
working oot the details of his method.

sclv AMER,,

Fcbruary 14, 1920

Electricity

Electrification of Seeds. ~There appears to be much
interest iu the electrification of seeds and the applicg-
tlon of electricity 1o growing plants. A recont fee
of work atonz these lines tells of a new method of
alding plant growtl. The seeds, 10 or 20 witeks, ure
placed in tanks provided with Iron electrodes at loth
ends; the electrolyte is a solution of sodium pitrate
or some other fertllizer. Tarticularly with coreals—
wheat, barley and oats—the yields of both grain and
straw are =aid to be jncreased. Some 500 favmoers have
taken up the treatment of the seeds, which ix followed
by a very careful drying in a kiln. The treatment j«
applied fbout a month or two before sowing.

Pl - . —-- -

Colored Glass for Sced Germination
S OME surprishig resolts Lave boen s
cured by growing secds under sheots
ol colored glass, The plan.is one which
1~ eusily followed iy the zardner, for it
simply consists of protecting the seoly
with =heets of enlored g}:lxn‘(‘illlill’.{‘ Ler-
]‘:Iili;lliﬂi'&, and for a few days :Ii‘uj‘r".L};l-
Ltile planis appear on the seens Ordi
mary glass stained with the gniline var
nizhes, ~old as hal dyes, answors e -
pose very wel fndeed. Thus thire s
need 10 go Lo the expeise of goiling 1ol
tinted gliss, )
Rheers of glass in the desired eolor are
placed over (he =ecd bed or Ule Loy« 1)
ne other special treatinent is regquired. T
was found in an elaborate series of ex-
Pprimonls thut _thr‘ sceds germinated better and opew
into stronger plintss sooner when they wers lI’li{‘.t']'
blue glass, The litile plants shown in {he rhotvrrarh
were given exaclly the stone freatment angd juii {Ihu
same number of seeds were altotiod in curh c:{=e—
SO Leonerd Bastiin, =0 o

Irrigation by means of electrified artificial rain.

18 lels maw wprplicalion of siactricity, plant growih ls stmalaved by siectribed water,

Mr. leson’s expariments with well water ay a condnetar for iiamination

Tha pipat are maminted snd buried s the grownd. Tasmach i Tharr kas bees na vridency of
i
Tymin, Mr, Clowou. ckiores this the Bcsrofyio distrvotivn of wair plpes sty thue e provented, q
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Electroculture of Tomato Plants in a Commercial Hydroponics

Greenhouse
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ABSTRACT: An experiment was conducted to evaluate the effects of air
on treatment on tomato plants (Lycopersicon esculentum P, Miiier} in
terms of: (1) growth and health; (2} fruit yield and quality; and (3}
economic factors. The plants were grown by a commercial greenhouse{G.H )
grower employing soilless cuiture technigues. An air ion generator and
emitters were installed in such fashion that 864 plants were exposed to a
high negative air ton density flux, while 576 plants grew in an area which
received relatively few ions. Normaij operational procedures, with certain
modifications, were employed for plant. culture, feed/irrigation, and
environmental control.

growth period plant growth was
good and no serious physiological disorders nor insecl damage were ob-
served. During the sixth harvest week a virus infection appeared i both
control and ion-treated plants, but was not of sufficient SEYETILY 1O ruin
the experimnent. Foliage and fruit samples were subjected to laboratory
analyses. In general, the stimulated plants contained higher percentages of
mineral elements than those of the controls. Fruit from ion-treated plants
has more ascorbic and citric acid than that
there were no wide differences in fruit texture or flavor, a taste panel
verdict indicated that fruit from the stimulated plants tasted better. An
unexpected benefit was marked decrease in white Iy infestation. All these
factors combined with the low cost of air-ion treatment suggest that
this modality offers potential for greenhouse cultivation of garden crops.

INTRODUCTION

THE OBSERVATION THAT atmospheric  electricity
occurs not only during stormy weather, but in fine weather as
well {Lemmonier, 1752) very quickly led natural philosophers
to speculate that this constantly prevailing source of energy
might influence plant growth. Father Giambatista Beccaria of
the University of Turnin (1775) stated that, It appears manifest
that nature makes extensive use of atmospheric electricity for
promoting vegetation®. This putative relationship was independ-
ently conceived and explored by Bertholon (1783), Gardini
{1782), and Ingenhousz (1788).

The discovery of air ions by Elster and Geitel {1899) and
by Thomson (1898) made experiments on the biological effects
of atmospheric electricity more comprehensible and ultimately
fed to the development of sujtable methods for their production
and quantitation. In 1904 Lemstrsm reported that an electrical
discharge from metallic points placed above seedlings produced
a measurable stimulation of growth, and this observation was
confirmed three years later by Gassner (1907). Blackman and
Legg (1924) conducted a long series of experiments on single
Plants in the laboratory, on plants in pot culture, and on
field crops exposed to ion-producing high-voltage, low-amperage
electrical discharges. They obtained significant increases in
KTowth and dry weight at harvest. Sidaway (1975) has reviewed
e full history of what came to be called “electroculture.”
His own work has been concerned with the infivence of electro-
static fields on seed germination (1967) and the influence of
tiectrostatic fields on plant respiration ( 1968).
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Recently, Winton er 4/ (unpublished data) at Oklahoma
State University experimented by exposing green bush beans to
a relatively constant DC current of 12 kV delivered 80 em
above the plant tops and providing a relatively constant DC
current density of 7-20 picoamperes/plant, and observed a6l
increase in crop weight. A similay application of AC current
produced an 85% increase in crop weight. In 1977 Pohl re.
viewed past work in electroculture and summarized all the
recent research. He concluded, “Electroculture, the practice of
applying strong electric fields or other sourees of smali air ions
to growing plants, has potential to markedly increase crop
production and to speed crop growth™. Subsequently, Pohl and
Todd (1981) applied these conclusions under greenhouse con-
ditions, They found that a mild current of air ions (4 pA/em2)
s capable of stimulating bean crop growth and the earlier
blossoming and increased growth of the Persion violet and the
geranium. Since the period of growth required for the plants to
reach marketable maturity was shortened by some two weeks,
the authors eonsider that electroculture may well have practical
application.

Muwrr (1964, 1965a, 1965h, 1966a, 1966b, 1966¢) has
studied intensively the biophysics of plant growth in electro-
static fields under conditions producing either physiclogical
stimulation or plant damage. During his work with the vellow
bush bean and sweet corn he found that increased rates of
growth occurred with applied electric fields below B0 kV;m and
100 kV/m, respectively. Above these levels growth rates were
decreased. When orchard grass seedlings were exposed to
relatively high electric field strength, the plants displayed tip
damage and biochemical analyses indicated that the metalio-
enzyme content of the tissue was aitered.

In the course of studies of small air lon action on net
blotch disease of barley, Elkiey ¢7 af. (1977) noted that barley
planis exposed to positive ions exhibited significant increases
m height and dry weight. Earlier, Maw (1967) had observed
growth stimulation of garden cress treated with positive or
negative ions,

Bachman er o/ (1971) experimented with electirc field
effects on some 30 varieties of plants. With field strengths of
50<100 kV/m, a sizzling noise developed and the odor of ozone
was detected. The wax bean proved to be exquisitely sensitive
to electric field conditions and grew faster than controls tand ali
other plants tested) under fields of 100-300 kV/m. Sub-
sequently, extensive experiments were conducted with barley
plants, with monitoring of air ion production, corona current,
and the presence of 03. Electric field strengths of ( 200 kV/m
stimulated growth. In a range of electric fields that included
those occwring in nature, they found that sufficient corona
current developed to produce O3 and ions. Bachman and
Reichmanis (1973) continued experiments with barley plants

o




and concluded that growth is retarded by electric fields » 200
kV/m, while below this level it is enhanced. Growth stimulation
15 greater at 50 kV/m than at 150 kV/m. Further, the air sur-
rounding the stimulated plants when vented into another
chamber enhanced the growth of plants contained therein. They
deduced that the growth-enhancing factor is a byproduct of
corona and that it develops at relatively low field strength.
Growth retardation occuring at higher field strength is assoc-
iated with current flow from apex to base of the plant-a
phenomenon reported earlier by Cholodny and Sankewitsch
(1937) and by Lund et al. (1947). The mechanisms of electro-
static field actions suggested by Bachman and Reichmanis
support the hypotheses espoused by the 18th century phil-
osophers that atmospheric electricity, even in fine weather, acts
to promote the growth of plants.

Zhurbitskii (1958) and Zhurbitskit and Shidlovskaya
(1967) studied the influence of electrical conditions on the up-
take of ions in solution by plants and found that potential
gradients equivalent to those prevailing in nature can affect the
absorption and incorporation of heavy metal ions. Exposure
to artificially increased densities of small air ions enhanced
these reactions. Similar results have been reported- by Murr
(1963, 1964, 1966}, by Kotaka ef al. (1965a) and by Krueger
et al, (1964). Tt is significant that an environment in which
plants are protected from atmospheric electricity inhibits some
of their essential physiclogical processes and interferes with
growth and development (Zhurbitskii 1969; Krueger et al
1965).

Our own experience in this field began in 1960 at the
University of California, where we developed facilities per-
mitting exposure of plants to small air ions in a controlled
microenvironment (Krueger et af., 1962). For the most part,
cur subjects were seedlings of oats (Avena sativa) and bariev
{Hordeum vulgaris) grown in chemically defined media. We
found that seedlings treated with unipolar ionized atmospheres
of either charge produced statistically significant stimulation of
growth as measured by mean stem length, integral elongation,
and dry weight. The extent of growth increase was roughly
proportional to the atmospheric ion density and this in tum
determined the magnitude of current flow to ground. The
minimal current measured in a ground circuit and capable of
producing a measurable difference in growth was 4.3-4.6 x 10-13
A/plant (Krueger ef. al., 1962}. Reduction in the air ion content
of the air resulted in retardation of growth and loss of turgor
(Krueger et al., 1965). The major hiochemical changes accom-
panying the action of air ions on plants were found to be: (1)
increase in rate of growth and dry weight; (2) increase in pro-
duction of cytochrome C and other Fe-containing enzymes; (3)
increase in Fe uptake: (4) shift in the distribution of Fe be-

Greennouse {318.6m") At Group

Total Piant Productive Areas= 12-8m2 Coolmq
Tatal Non-Productive Area = [906m2
Front Group Emitters II 2t* /
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- T T~ Srenl Group
FU’% s SEmillers
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Cross Sectlon View of Growing Beds

Fig. 1. Longitudinal end cross-section views of the greenhouse. The air-ion
emitter installation and the location of the air-ion-treated and control
plants are shown.
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tween chloroplasts and the rest of the cell; (5) shift in the rate
of dark-light shrinking and swelling of isolated chloroplasts;
{6) stimulation of ATP metabolism of isolated chloropiasts;
(7) increase in oxygen consumption; (8) increase in RNAase
activity of leaves {Krueger et al., 1963; Kotaka et al., 1965;
Krueger et al. 1964; Kotaka et al., 1968, Kotaka et al, 1965,
Kotaka and Krueger, 1972).

With this background, we undertock to determine whether
the growth stimulation observed under laboratory conditions
could be duplicated with a market crop grown in a hydroponics
(soilless culture) greenhouse. This experiment was conducted
during the period December 1974-July 1975,

MATERIALS AND METHODS
Seedling House (SH)

This structure, 9.6m by 3.4 m and 2.2m high, consisted
of nbs and purlins covered with corrugated plastic panels.
Exhaust fans at one end provided air ¢irculation, and an auto-
matic heating and cooling umt kept the maximum daytime
temperature at ca 27°C and the minimum nighttime temp-
erature above ca 21°C. The air ionization system utilized a
high-voltage power supply connected to four emitters {needles)
spaced 61 cm apart in a square pattern and suspended 56 cm
above the trays which were to be exposed to air ions. It was
operational 24 hr. a day. These trays and the emitters above
them were located 2 m downstream from the trays holding
control seeds and seedlings.

Experimental Plants

Seeds of the indeterminate variety of tomato { Lycopersicon
esculenturm P. Miller), cv tropic VFST, were seeded in moist-
ened pellets and set in shallow plastic trays to germinate.
Sixty percent of the pellets were placed beneath the air ion
emitters in the seedling house and 49% in the control section.
All irrigation, feedings, and environmental control procedures
were performed according to the grower’s normal operational
standards. Treated and control seeds germinated 5 to & days
after seeding. All the seedlings were left in the seedling house
for 16 days before transplanting into the greenhouse, where
they were divided randomly into two groups: 864 plants in
beds 3, 4 and 5, and 576 in beds 1 and 2. Ion flux density was
greatest in the area of beds 3, 4 and 5 (treated plants) and least
in that of beds 1 and 2 (control plants). This point is considered
in “*Discussion’.

Structural Design of the Greenhouse

The GH in which the stimulated and control tomato seed-
lings were transplanted is shown in Fig. 1. Essentially, the GH
configuration shown is commonly described as a quonset
{kamaboko} house. The primary structure consists of a series of
ribs (bulkheads made from assembled plastic pipes with metal
pipes as intercostals|purlins]) and roof truss members. The
entire structure is covered with fiberglass-reinforced plastic
panels. Cutouts are provided at the gable ends for exhaust
cooling fans, doors, and cooling pad panels. Secondary struc-
tures of steel pipes are installed internally to support the natural
gas heater/fan unit and the overhead air distribution duct and
also for the necessary wire cables to support the tomato vine/
fruit loads. The GH is 40.23 m long and 7.92 m wide, and pro-
vides a total productive area of 125 mZ2. A covered below-
ground level reservoir to contain the nutrient solution and
pump/valve assembly is located just inside the entrance door
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of the GH. Its capacity is 4160 liters. The remaining floor area
consists of concrete perimeter walkways, working aisleways,
and five double-row planting beds, which accommodate a total
of 1440 tomato plants. The beds are sunk below the aisieways
and are protected from the earth with plastic liners or barriets.
Inert gravel is used to fill the beds and functions as plant root
support medium. The beds are periodically flooded and drained
during the day with nutrient solution to provide the plant food
needs and plant root aeration, The minimal night-time temp-
erature during the experiment was 15°C and the maximal
daytime temperature was 25°C.

Air {on Generators

Negative air ions in this experiment were produced by a
Klykon model 130/E109 generator with emitters positioned
as indicated in Figure 1. The line of 28 emitters was located
directly above aisle 5 between beds 4 and 5. Since the plants
in the aft section were 30 cm closer to the emitters than those
in the front section, they received a somewhat higher dosage
of ions. It should be noted that the placement of emitters
relative to the growing beds did not provide an ideal test of air
ion effects. As is evident in Figure 1, the control beds 1 and 2
were not completely protected against ion drift from the
emitters located above beds 4 and 5. The longitudinal flow of
air minimized lateral dispersion, but did not entirely prevent it.
At either end of the greenhouse the longitudinal flow averaged
175 ft/min. In the central area the flow from inlet to exhaust
was ca. 90 ft/min.

Air jon flux density at various levels of the greenhouse was
measured with a target probe and a Keithley electrometer,
medel 610B. The air ton flux density 20 em above the growing
beds ranged from 8-20 x 103 negative ions cm-2 in the aft ion-
treated area and 6-9 x 103 negative ions ¢cm-2 in the forward ion-
treated area. Corresponding values in both the aft and forward
control zones were 5 - 7 x 102 negative ion em-2,

The ion generating system went into operation 24 hrs a
day three days after the seedlings were transplanted. Thirty
days after transplant, operation was limited to daylight hours.
As noted later, there was a bnef period of deactivation 100 days
after transplanting.

Since as little as 40 ppHM of 03 is harmful to tomato
plants (Reinert et al, 1972) and corona discharge type ion
generators are liable to produce (03, we wanted to be sure that
the injury threshold was not exceeded. The certified, exceed-
ingly small output of 03 by the generator-emitter system

" employed and the enormous dilution factor imposed by the air
exhaust system combined to exclude 03 as an element in the
present experiment.

Plant Culture and Maintenance

The grower’s standard operational and environmental
control procedures were followed except for nutrient adjust-
ment and changes in leaf pruning and pollination necessitated
by airiondinduced effects to be described under “Resuits.”
For this winter/spring crop during the plant maturing phase and
through the immature green phase of the first fruit cluster,
the nutrient formulation shown in Table 1 was followed.

Table 1. The elemental content of the basic nutrient formula. This sol-

uLion was monitored every two days with a conductivity meter and a pH
meter.

Element N P K Ca Mg 8 Fe Mn B Zn Cu
Ppm 124 99 266 64 17 87 132 064 03 0.38 008

Yamaguchi and Krueger Electroculture of Tomato Plants in a Commercial Hydroponics Greenhouse

T A AT Yo 1A b et T T R S ok i e 0 st daln Bl

During the course of fruit maturation from immature grecn
through mature green and color blush, nutrient concentration
imbalance became a frequent occurrence. Accordingly, except
for trace elements, a two-step increase (20% per step) in major
elements was effected at each nutrient change period, i.e. every
three weeks. Visual observation of possible adverse effects
stemming from nutrient imbalance was made three times per
week. No other serious deficiency or toxic signs were noted
except for phosphorus deficiency seen in plants located near the
cooling pads. This, coupled with chill, caused some 50 plants
to be discolored and stunted at the growing portion. Appro-
priate changes in temperature and nutrient formula brought
about normal new growth within a few weeks. Fruit and petiole
samples for analysis were obtained shortly after the early
nutrient changes.

Location and Weather

The hydroponics installation used in this experiment
is located a few miles northeast of Gilroy, California. The
weather pattern for the period involved is summarized in Table
2.

Tabte 2. Summary of weather data for period of experiment.

Rainfall
No.of Total

Temperature {C )
Averages

Overeast Davs
80% Cover

Month High Low Max Min Days (em) durning daylight hrs Remarks
Jan 163 1.0 21.7 .50 2 086 9 Note 3
Feb 16.4 4.7 239 -1.7 10 13.31 15 Note 3
Mar 17.2 54 250 00 9 1540 17 Note 4
Apr 189 46 261 1.1 5  4.50 10 Note 5
May 265 178 378 33 0 0.0 2 Note 3
Jun 28.0 195 361 6.7 0 ¢.0 i Note 3
Note: 1} Barometric pressure ranged from =z high of 772.2 mm Hg to a

low of 730.1 mim.
2) Data source: National Clirnatic Center, U.S. Dept. of Commerce
3} No unusual storms.
4) Gusty winds: 25 knots during latter part of month, occurring
between 1000 and 1400 hours P.S.T.

RESULTS

After 18 days in the seedling house the air-ion stimulated
tomato seedlings were 50-75% taller than the controls and had
1-2 more sets of true leaves.

During the first 30 days after transplanting into the green-
house, the seedlings in the treated area were stimulated 24 hr,
per day. No height or growth differences were noted between
the stimulated and control plants, except that microbuds
formed on the 20th day in the stimulated plants and on the
28th day in the controls. Blossoms appeared on the 29th day in
the ion-treated plants. On the 30th day in the greenhouse we
decided to stimulate only during the daylight hours (0700-
1900) to allow for a rest period during the night. Several
days later a marked elongation of the stems was noted in
both treated and control plants. However, the stmuiated
plants exhibited a stern growth rate substantially greater than
that of the controls by the end of the 41st day (Fig. 2}, This
was equivalent to “plant earliness” growth of 20 days over that
of controls. Forty-one days after transplant the growth rates
for the stimuilated and control plants levelled off and remained
constant with respect to each other. However, the residual
“earliness” difference in growth rate remained about the same
until 120 days after transplanting. Since the tomato plants were
grown as single-vine plants, integral elongation measurement
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Fig. 2. Plant growth rate of control and air-ton-treated tomato plants.
The ordinate indicates average main stem length in centimeters. The ab-

scissa lists the days after transplanting. Major events characterizing the
air-ion-treated plants and controls are entered.

was not possible. Consequently, in Fig. 2 only the main stem
average rate of growthis shown as a function of days from
transplanting. Notes have been entered in Fig. 2 to key certain
growth events.

Visual inspection was on a continuing basis for plant res-
ponses and physical appearance. The stimulated plants in
general had thinner stems, smaller leaves, less dense overall
foliage cover and had two or three more flower-fruit clusters
than the controls for equal stem height. The labor required for
plant leaf pruning was much less for the ion-treated plants than
for the controls because of the denser foliage in the latter. On
the other hand, less effort was expended on pollination of the
controls because the ion-stimulated plants had more flower
clusters per plant. These differences balanced one another.
Harvesting, sizing, grading, and packaging of mature fruit took
place three times per week.

Ninety-seven days after transplanting the growth rate
decreased for the stimulated plants and was only slightly
reduced for the controls. This phase coincided approximately
with the brief period when air-ion treatment was interrupted,
as noted below, and produced no ill effect on flowers, fruit
growth, or on maturation of tomatoes. Virus desease was
detected in control and stimulated plants during the sixth week
of harvest and caused a reduction of fruit yield. Diseased
plants were removed at a rate of 3% per week of the total plant
population, producing a total loss of 25% in the treated group
and 10% in the controls. The collecting of data for plant per-
formance in terms of fruit yield and quality was terminated
152 days after transplanting because of the excessive plant
deterioration and losses to virus infection.

Harvest of fruit from air-ion treated plants began 104 days
after seeding (86 days after transplanting) and proceeded more
rapidly than did harvest among the controls. Figure 3 depicts
the yield rate per plant as a function of harvest weeks for
stimulated and control plants. Figure 4 displays the cumulative
fruit yield per unit of greenhouse area. Because of the higher
incidence of virus infection in the ion-treated group the yield
curves begin to converge at the ninth week. Figure 5 is a plot

Yield rate in kg/plant

Horvest Weeks

Fig. 3. Tomato plant yield for air-ion-treated and control piants plotted as
yield rate against harvest weeks.
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Fig. 5. Cumulative fruit yield per plant for controls and ion-treated plants
plotted against harvest weeks.
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TABLE 3. Analyses of fruit composition and petiole composition. The fruit compaosition dala represent averages of analyses conducled by the Umiversity
of California, Davis, and Goldsmith Seeds, Inc. The petiole composition figures refer to dry weight basis as reporied by OARDC (Ohio State University),

Wooster, Qhio.

Anaiyses - Fruit Composition

Analyses - Petiole Composition

(Averages) {drv wt basis)
Citric Ascorhie x Ppm
Ripe Fruit pH EC Brix acid acid Flavor Petiole N P K Ca Mg Na 8 [MnFe Cu B Zn Mo Sr Ba Al
from (ppm) (") (%} (mg/i00g)
Control 4.42 2300 5.9u 0.34 7.8 Good Control 175 0.93 6.36 1.30 0.38 0.11 0.10(69 99 8 26 26 1.11 64 2! 59
Stimulated 4.40 1725 5.18 0.36 11.1 Better Stimulated 1.80 1.11 6.02 1.58 0.55 0.11 0.10(86 110 11 27 36 297 65 26 53

of the average cumulative yield/plant for controls and treated
plants against harvest weeks.

Independent analyses of fruit and plant (petiole} were
conducted on samples taken during the fourth harvest week
and the results are displayed in Table 3. These data indicate
the airion ftreatment improved the quality of the mature
fruit. General observations of differences between ion-stim-
ulated and control plants are summarized in Tabie 4.

DISCUSSION

Durning the past three decades through the impact of tech-
nological and horticultural breeding advances, the greenhouse
production of vegetables, flowers, and bedding plants has

TABLE 4. Observations comparing the results of negative-agir-ion treat-
ment of the spring tomato plant crop with a control (untreated) crop.

1. PLANT CHARACTERISTICS

a. Stem height growth
b. Stem diameter, averages (mature

REMARKS

Eatlier by two weeks
Smaller;: 1.6 cm vs 2.1 em for

plants) control
c. Leaf size (area), averages (mature  Smalier by 60% to 75%
plants)

d. Cluster internode averages Closer; 18 cm vs 25 em for
control
e. Number of flowers per cluster, No significant differences
averages
[. Petiole analysis See Table 3

2 BUD BLOSSOM & FRUIT

FORMATION

a. Buds and blossoming Earlier by about two weeks

b. Fruit set Earlier by about two weeks

c. Fruit ripening Earlier by about 10 days

d. Fruit conformation and guality Better by 10% to 15% for
Grade 1

€. Fruit size More of larger sizes (4x5s &
Sx5s)

f. Fruit composition and flavor See Table 1

3. FRUIT YIELD RATE PER PLANT

a. Yield rate per week
b. Cumulative yield rate
c. Spring crop yieid

Greater by 50% in first 3 weeks

Greater by 27% at end of 6 weeks

Egualled the previous good
summer crop (untreated)

1. NUTRIENTS

& More adjustments required for N, P, K and Ca since a closed toopn
{nutrient recycling} method was employed for this experiment.

5. UNCERTAINTIES

a. Optimum air-ion dosage level requirement for other cultivars or at
different stages of plant matu rity.

b. Optimum air-ion dosage duration and/or frequency of application.

c. Effects of air ions, of either polarity, on plant -disorders due to
¥iruses and fungi, and on flying or crawling insects.

d. Apparent premature senescence of plants. Possibly due to bio-
electrical effects described in introduction.

become a dynamic and viable industry in the United States.
Although the United States lagged behind Europe in terms
of greenhouse acreage, the steady growth of the industry_ is
beginning to close this gap, primarily because of increasing
demands for high-quality fresh vegetables and flowers at reason-
able cost. In general, the greatest concentration of greenhouses
in the U.S. is located in the Eastern zone, notably in the state of
Ohio. However, other states in the South and mid-Southwest
are expanding thetr facilities. During the last few years the
industry in the Pacific states has begun.to show rerarkable
growth, especially in the production of greenhouse tomatoes
and European-type cucumbers.

Although the industry has been on an up-trend, the impact
of recent crises in availability of energy, escalating prices for
fuel, material and supplies, and for labor have imposed a sereve
constraint upon plant expansion and facilities. These factors
have moved commercial growers in the United States to look
for the implementation of technological and horticultural
advances that would provide them with increased production
and profits within the existing facilities. One potential element
in the area of technological advances may well be the
application of air-lon treatment.

Despite the fact that as long as 200 years ago atmospheric
electricity was suspected of influencing plant growth, the
requirements for critical investigation could not be met until
1899 when air ions were discovered. Since then, wide-ranging
interest has developed in a whole spectrum of air-ion effects
on living forms. The literature contains many accounts of
experiments in which air-ion enriched environments have been
used to treat diseases, e.g. asthma and weather-induced syn-
dromes such as the sharav iliness of Isreal. This phase of air-ion
research has not been implemented in conventional medical
practice, largely because of failure to meet the requirements
of satisfactory experimental design and neglect of the placebo
effect. Studies of general biological effects using bacteria,
protozoa, higher plants, insects, and higher animals have been
more productive, to the point where it now is possible to state
that air ions are biclogically active. As noted in the intro-
duction of this paper, there even exists a fair amount of infor-
mation regarding the mechanism of air-ion stimulation of plant
growth.

Our goal in the present study was to determine whether
the air-ion enhancement of plant growth, so readily demon-
strable in the laboratory, occurs on a large scale under **prac-
tical” conditions, The experiments were conducted with tomato
plants in a California hydroponic greenhouse facility where
tomatoes and cucumbers are the primary vegetable crops.
Hydroponics (soilless culture} was chosen as a first-choice
test bed program because of it flexibility in the control of such
variables as nutrient formulation and concentration, extent
of irrigation, and environmental factors.

Our experimental design included observations for air-ion
induction of (a) growth stimulation, (b) acceleration of fruit

Yﬂmaguchj and Krueger Electroculture of Tomato Plants in a Commercial Hydroponics Greenhouse 9

—




R R R T T .

maturation/ripening, (c) increased crop yield and (d) improve-
ment of fruit composition, We recognized that in such a pre-
liminary experiment it would not be feasible to conduct a
definitive test employing the control conditions one would
impose in the laboratory. Ideally, an experiment of this sort
should utilize two sections of the same greenhouse, one hous-
ing the treated plants, and the other the controls, completely
isolated from the artificially ion-enhanced atmosphere. For
practical reasons, we were not able to install a Faraday cage to
pervent ions from reaciiing controls. As a compromise, we made
use of the fact that air-ion density falls off rapidly with distance
from the ion source. The emitters were so positioned along the
length of the greenhouse that beds 3, 4 and 5 were closest to
them and could be considered to present an ion-treated area
{Fig. 1). Beds 1 and 2 were far enough away to serve as controls
although they undoubtedly received a low dosage of ions,
Consequently, in the absence of a completely untreated set of
controls, any differences in biological effects observed during
this experiment could be ascribed to differences in air-ion
dosage. On the basis of the averages of the jon flux densities
{number of ions/cmZ/sec) at plant level in the three different
areas of the experiment, ion-treated plants in the aft section
received ca 17 times the dosage of plants in the control areas,
while ion-treated plants in the forward section were exposed to
ca 13 times as many ion as the control plants.

It can be argued that the plant responses observed on our
experiments depend on differences in the imposed electrical
fields. Clearly, the control plants were exposed to lower electro-
static fields than the two groups on jon-treated plants. However,
the work of Bachman and Reichmanis (1971) and our own
experiments (Krueger et al., 1978) demonstrate that air ions
are the primary element in conveying the small electrical curr-
ents to plants that result in increased rate of growth. In our
experiments, conducted in very low electrostatic fields, no
growth enhancemnent occurred until air ions were added to the
ambient air. Bachman and Reichmanis found that increases
in plant growth, in the absence of added air ions, depended
upon the intensification of relatively low electrical fields at the
pointed ends and fine hairs of plants to such a degree that
corona developed and air ions were produced. The electrical
currents required to stimulate growth are quite small: 6-10
pA/plant in our early studies (Krueger, et. al., 1962), 10 pA/
plant in more recent ones, and 10 pA in Blackman and Legg’s
(1924) series. Pohl and Todd (1981) reported a current of 4
pAfcm2 at plant tevel to be effective in expediting the growth
and blossoming of geraniums and Persian violets.

The goal of the experiment recorded here was to evaluate
the application of electroculture in the production of tomatoes
in a hydroponics greenhouse. The generally favorable effects
observed lead to the conclusion that the air ion enriched
environment was responsible for:

1. Earlier appearance of buds and fruit by two weeks.

2. Earlier fruit ripening by 10 days.

3. Cumulative fruit yield rate per plant greater by 27% at
the end of six weeks.

4. Superior fruit conformation and quality by 10%-15%
for Grade 1.

5. Improved fruit size.

6. Improved fruit flavor and compostion.

Since the costs of installing air ion generators are modest,
their energy requirements are minimal, and no detrimental
effects of negative air ions on the personnel have been observed,
this procedure appears to be a useful addition to greenhouse
technology.
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POTTED PLANTS OR PLANTER BOXES
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Influence of Electrostatic Fields on Seed
Germination

JABCENT investigations have stimulated wider interest in

e possible biological significance of naturally oceurring
wetrie ficlds and related phenomena. Murr! * has shown

‘e high intensity electric fields appear to inhibit develop-

wnt in grass seedlings; he points out, however, that
arlier workers, notably Jorgensen and Priestley*, and
~hibusawa and Shibata®, observed increases in plant
rowth under electrie field conditions, although the frequent
weurrence of contradictory results in much of the early
-ork on this subjoct has been emphasized by Lund?®.
“he physioiogical effects of air ionization have been studied
2 o number of workers’.  Krueger ef al® report that
xposure to positively or negatively ionized air produced
mere rapid germination in Avena sativa seeds with sub-
cquedtt dneroases in growth and dry weight; slight
wreases in growth were also noted with seedlings placed
-1 positive or negative electric fields of 955 V over 30 em:
1 chese experiments, however, the seed containers were
zrounded to prevent the accumulation of surface charge.
The present communication dircets attention to an appar-
-ut dependenee on polarity of the response of germinating
«wmds to induced electrostatic charges.

Four batches of 100 seeds of lettuce {(Lactuca sativa),
-ariety ‘Clusced Borough Wonder’, were sown on filter
waper tard on each of four 6 em square sections of alumi.
vannt foil attached by a thin film of *Vaseline’ to the upper
urtace of a sheot of glass 45 em x 75 em.  Foil sections
were similarly attached to the under-surface of a second
shest of glass resting on spacers so arranged ag to scparate
e two sets of “field plates’ by a veriical distance of
+5 em. Two pairs of plates were connected to 90 V
patberics arranged in series to give a potential difference
f 180 V. one pair positive over negative and the other
oall hegative over positive; the remaining pairs were lefy
‘mebarged as coutrols; the relative positions of charged
snd uneharged plases were changed after each replieation.
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appears to inhibit plant development, but from the prosent

“WorK it is further apparent that the nature of the plant

responso is dictated by the sign of the oloctrestatic fiekd,
and not merely by the presence of the field per se. The
possible influence of light in reducing the magnitude of this
polarity effect may be significant (Table 2). A COIpPArison
with the work of Krueger et al.* is not possible in the
absenco of ion-donsity and curront measurctnents, but
Edwards' found that a positive field slowed down the
rato of development of Nepytia pupae; he also suggested
that contact-induced electrostatic charges might influence
insect behaviour?e.tn,

The present experiments were initiated in an attempt

to provide a possible basis for correlation between geo-
electric phenomena and the manifestation of peychiatric
disturbance symptoms, assuming such a relationship
to be mediated through variations in neuro-hormone
acbivity resulting from electrostatically induced changes
in tissue respiration levels. Preliminary gas-analysis
tudies appear to indicate a possible polarity-dependent
electroatatic influence on the rate of production of carbon
dioxide in germinating seeds. Further work along these
lines is in progress.

I thank D. G. Heathcote for carrying out the statistical
analysis; I also thank Prof. . F. Asprey, Dr. J. R.
Etherington and Dr. A. (. Lvon for their advice and
encouragement.
G. H. Sipaway
Department of Botany,

University College,

Cardiff.
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MAGNETOTROPIC RESPONSES IN ROOTS OF WILD OATS

Magnetotropic responses occur in the roots of some plant species (1, 3, 4, 5,6y,
This note describes a magnetotropic Tesponse in the roots of wild oats (Aveny
fatua 1) grown in the laboratory und at random in ficlds across central North
America.

In the luboratory. wild oat seedlings were grown 1o stationary and horniz
rotated cages {4) and in cages on & magneto-klinosta ¢Sy for 10 10 14 duys. | he
clectromagnet in the Klinostat was oriented horizontally at right angles 1o Mucnet
north. and the field strength at the secdlings was about 10 oersteds,
of the magnet was reversed after 48 hr. and treatment was continued.  There were
10 hr of daylight at 22 C and 14 hr of darkness at 15 C. All tests were repheisted
four to six times. When treatment was terminated. the growing medium (vermy-
culite) was washed from the cages. and the lateral roots of all plants were evaluated
for direction of growth using the formula:

The polann

where [ = direction of roet grow th and dn - dy dedlination in Jeprec ]
from true north and 1ruc south.

In the ficld experiments from 1962 to 1967, the horizontal orientation i
main lateral roots was noted on approximately 175 wild oat seedhings grown al
random at cach of 27 locativns in four geographical regions of North Amurica
A D value was caleulated for each of the 4239 ceedlings, and fiducial hmits woe
calculated for the groups of plants from cach gcopraphical region. [ values wels
also calenlated for hypothetical plants with laterad roots oriented in a magnetic
north-south plune at cach locution.

Results from the laboraterd Jhowed that the laterad roots of scedlings that
remained stationary afier plunting were oriented qun:x::.&n__v. porth and seutlh.
and the average £ value of these plants was 757 [a plant with lateral roots oricewnd
in @ magnetic north-south dircction ot i.cthbridue. Alberta, where compa-
clination was 20 O0'E in 1066 (2). would have a D viueg of 78] Tlhe asw
D value of plants that were rotated 90 daily was 572 (w 1 vatue of 50 indieate
perfect random orieatation of roots).

Seedlings grown on the Llinostat while the clectropagnul wis inactive N
roots oriented in 4 noeth-south direction: their mverane [oavalue wis Qry. I
contrast, those grown while the magnet was activated had roots ariented approdt

v - . ]
mately paraliel to the horizontal magnctic fiux midway hetween the poles andd e
D values of only —38.1.

Reversing the polarity of the maenet during treaiment did not aiter i

growth pattern of the roots.

Generally, the kteral roots of wild ouat seed!
America wore oriented in a north-south direction.
high (Table 1). Seedlings gromn west ol te agonic le had

sorth
Aol

us from Helds across
Vheir D ovalues ward rel
I vatuees that

: ; : r
resembled those caleuluted for iy pothieiicul phants, amd therebsy _:.:,.:_ri H
. . . . . . . oy
index of ngnetie dechination b g saphicad dinedtions were ke n. o deves B
¥ H M
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yat did provide a good indication of polar direction. Local anomalies in the in-
dastrial arca cast of the agonic line may have altered the full expression of the
gapnetotropic response ta the geomagnetic ficld in this area.
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Viability of Stored Seed: Extension by Cathodic Protection

Abstract, Placing seeds on a negatively charged conductor extended their viabil-
ity during artificial aging. Such cathodic protection may reduce free radical attack
by providing a source of electrons. The results support the hypothesis of free
radical damage to cellular components and are consistent with such damage
being important in deteriorative senescence changes.

It is well known that free radicals
initiate peroxidative degradation of un-
saturated tissue lipids, and it has been
suggested that this could give rise to
damage to cellular membranes (/). Lipid
peroxidation in monomolecular.and bi-

molecular films leads initially to an in-

grease in membrane permeability and
then to a decrease in membrane stabil-
ity (2). Damage to biological mem-
branes associated with lipid peroxida-
tion has been shown in mitochondria
(3), microsomes (4), and lysosomes
(5). Lipofuscin granules accumulate
with chronological age in some animal
tissues and these granules appear to
contain protein and peroxidized lipid
(6), indicating that lipid peroxidation
occurs throughout the life span of an
organism. It has been supgested that
this free radical peroxidation of un-
saturated lipids is a basic deteriorative
mechanism in cellular aging (7). There
is as yet little direct evidence for the
accumulation of membrane damage
during senescence. However, extremely
swollen mitochondria, with disorientated
and fragmented cristae, indicative of
membrane damage, have been observed
in the flight muscle of old (25 to 30
days) male houseflies (8).

Attempts have been made to prolong
the life span of organisms, and promis-
ing results have been obtained by sup-
plying membrane-stabilizing drugs to
Drosophila (9) and by including vari-
ous antioxidants in the diet of mice {7,
10)y. However, these results are far
from unequivocal: not all treatments
are effective (7, 9), different results are
obtained with the same antioxidant on
different strains of mice (7), and in
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some experiments lipid peroxidation ap-
peared to be reduced without any effect
on life span (11).

Molnér (12) attempted to reduce free
radical attack, not by supplying antioxi-
dants in the diet, but by maintaining

‘mice in a cage with an applied negative

potential in a manner analogous io the
technique of cathodic protection of
metals against corrosion. The average
and maximum life spans of mice ex-
posed to a negative charge were, re-
spectively, 25 and 32 percent greater
than those of mice exposed to a posi-
tive charge.

Germination (%)

o 3 16 is % 75 36
Days of aging treatment

Fig. 1. Viability of stored seeds of Zea
mays as a function of the duration of
the aging treatment. Seeds with a moisture
content of 13.6 percent were placed,
embryo side down, on aluminum foil in
a small enclosed chamber (o maintain
the moisture content) and kept at 40°C
to accelerate their aging (reduce their
storage life). The entire contenits of a
single chamber were taken for each sam-
ple. The secds were soaked in tap water
overnight and then placed on moist paper
toweling. Germinzation was recorded 84
hours after the start of soaking. (a) Seeds
provided with cathodic protection by ap-
plying a negative potential of 300 wolts
to the aluminum foil; (b) control seeds.

Air-dry seeds can be rapidly aged
artificially by maintaining them at a
relatively high moisture content (13 1o
15 percent) and an elevated tempera-
ture (40°C) (13). Airldry seeds proba-
bly do not have sufficient moisturs to
permit aqueous-phase enzyme reactions
to occur, and repair mechanisms are ua-
likely to be operative in such a system.
Thus, damage induced by free radicals
would accumulate in dry seeds, whereas
in hydrated tissue such damage could be
repaired (/4). Sceds of Zea mays (In-
dian corn) that have been artificially
aged show aberrations of mitochondrial
membranes as an early sign of aging,
before the viability of the sceds de-
clines (13).

Seeds of Zea mays were subjected to
artificial aging treatment by maipsining
them in a small enclosed chamber at
40°C. The seeds were provided with
cathodic protection by placing them,
embryo side down, on aluminum foil
within the chamber and applying a
negative potential of 300 volts to the
foil. Control seeds were maintained un-
der similar conditions without the ap-
plied charge. The effect of storage time
on the viability of the seeds is shown in
Fig. 1.

Considerable decreases in viability
loss were achieved with cathedic pro-
tection. In addition, the conductivity of
the water in which the seeds were
soaked before germination was con-
sistently greater for the coantrol seeds
than for the seeds which had been ex-
posed to the negative charge. This in-
dicates that more material was leached
from the control seeds during soaking,
which suggests that greater membrane
damage had occurred in them than in
the seeds provided with cathodic protec-
tion. Chromosome aberrations are
known to accumulate in noadividing
cells of seeds under conditions of ac-
celerated aging (15). Free radical per-
oxidation may affect macromolecules
other than lipids; thus, our observation
that after 10 days of the aging treat-
ment the percentage of chromosome
aberrations was 12.6 in the control
seeds and 4.3 in the protected sceds
may be of significance. The reductions
in mortality rate for dry seeds, which
are relatively nonhydrated systems,
were far greater than any achieved for
animals, which are hydrated systems.

Cathodic  protection should reduce
free radical attack on biological macro-
molecules by providing a source of
electrons to react with the free radicals
(12). Thus, these results provide strong
evidence for free radical damage 0

S ea E,

2 T



€LECTRO-CULTURE

Tests conducted with vegetables growing in a garden, mvo.i no..um,_.r..
able results when they are grown under o_ooa.o.E.mmuoco stimuli.
They've found that up to 30% more seeds will germinate after they
have been in the ground for 24 hours. Growth of the crop to the time
of harvest, is accelerated by several weeks. In some growing areas this
makes it possible to plant the second crop sooner, thereby w&oaﬁm
early freezes; as about 6 weeks can be gained on both the plantings to
time of the second harvesting,.

Embwm vegetables and above-the-ground <mmm:&r.$ will be uownﬁw
twice the size of normal vegetables that are grown in uncharged soil.
Root vegetables, like carrots, parsnips, etc., will not only be larger, but
will have more flavor. Ball-shaped vegetables will not react as well as
pointed root and pointed leaf vegetables. This Eo_cm.au head _nnEom.
cabbage, turmips and potatoes, among others. This is _.vo..umﬁa their
spherical shape accumulates the charge instead of permitting flow of
the current to keep passing through them.

A device to perform this activity can be Bw.&o as ?:oiu. Get a
straight length (21 feet) of %” diameter galvanized water pipe. Take
a %" standard coupling and weld a four-foot cross of %" pipe on one
end of it, The cross is to be horizontal to the ground when the .oo:c:um
is screwed on to the top of the pipe mast. Solder eleven spikes onto
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That one inside of next one Second one inside of largest one

each arm of the cross — from center. These will be spaced 2 inches
apart from the ends coming in, and each 9 inches long. These spikes are
made from #10 copper wire and all point straight up. The top ends
should be sharpened to a point by hammering, or grinding, before they
are soldered on to the cross arms.

Solder 12 wires around the base of the mast, 18 inches up from the
bottom end. This can be # 14 bare copper wire, each equal in length to
your garden radius. Screw the spiked cross onto the top of the mast.
Connect four guy wires to the top of the mast at the center of the cross.
Put an insulator on each guy wire six feet down from their connection
at the top of the mast. Add ten more feet of guy wire to each of these
insulators, and put another insulator on each of these wires. Drive four
Pipe stakes, at an angle to the ground, 15 feet from the mast and
equally spaced about it. Fasten four guy wires to the stakes, each long
enough to connect to the bottom insulators.

Dig a small hole for the mast. This hole should be big enough for a-
wide mouth large glass peanut butter jar. Be sure the top of this jar is
above the ground level. Put a smaller glass jar in the peanut butter jar,
and another smaller one in it; until the jar inside is just big enough to
fit around the pipe mast. Slide the jars on the pipe mast lower end,
set the mast up and attach the stake guy wires to the four lower in.
sulators. Adjust the guy wires so the mast is vertical, but not tight
enough to bend the pipe mast.

Now dig twelve, equally spaced, radial ditches out from the mast to
the size of your garden. They are not to exceed 200 feet from the mast.
These ditches should be deeper than the working depth of hoe or cul-
tivator. Extend the twelve wires out and down these ditches and cover
them up, after placing a stake at the outer end of each wire; so you can
always tell where the wires are.

Now plant your rows radially from the mast in your round garden.
Do not plant directly over the wires, as roots may entangle them.
Rows should never be closer than four feet to each other on the inner
end. Plant what you like best parallel to the wires.

This device works by activating the natural electric charge in the
atmosphere and the earth, These charges being in unbalance (between
the solid earth and the gaseous air) try to balance, thereby creating an
electric flux in the mast and wires. The current in the wires produces a
magnetic field around them, and brings about a gentle magnetic vortex
perpendicular to the ground. This in turn creates accelerated jon and
electric activity in the plants, and roots, which are in the vertical line
of electric flux. Each vegetable then becomes a miniature atomic

accelerator, and thus increases its own growth and current flow.

Feom 1 ‘When The Stars Loek. O aun’
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Now for the proof of the successful operation of this control. This is
where Mrs. Hibbs comes into the story.

Mrs. Hibbs had the foresight to permit the De Land apparatus to be
installed on her land. Mrs. Hibbs came from lowa and bought an
orange grove. She didn’t know until after she bought the property that
the trees were considered “grown out,” or beyond their age of produc-
ing an average crop. .

Her caution only permitted the installation of five units of the “De
Land Control” on five acres of her ground. After the first winter proved
through freezing temperatures that the control worked, she had her
entire 10 acres protected.

She proudly showed us around and compared her oranges with
others for color, sweetness, and size. The “grown out” grove has in-
creased its production every year. The crop had just been estimated by
the packers before we visited Mrs. Hibbs. This year's crop will go
nearly four times the average production per mn_.oh

Mrs. Hibbs was forced to buy $400.00 worth of 27 x 2” props to sup-
port the limbs on her trees.

Not only has Mrs. Hibbs increased her profit each year from the crop,
but she has saved $3000 worth of smudge oil in 5 years.

The saving in oil alone has payed for the installation of the free

energy equipment. So over a period of time free energy pays for its own-

installation and cost,

Mrs. De Land said her husband John never did find out what makes '
the installation work. So I went back to our friends the spacepeople,
through thought transference, and asked them to explain the principle.

This is their explanation.

Trees manifest life but they do not manifest motion. Temperature is
a result of molecular motion. The only motion manifested in a tree, or
its fruit, is by the electrons in the atoms of its composition,

On a planet that rotates there are four periods each day. These are
the positive quarter from 6 A.M. to 12 noon; the active quarter from 12
noon to 6 P.M.; the negative quarter from 6 P.M. to midnight; and the
rest quarter from midnight to § A.M.

Atoms in free space are charged continuously. Atoms on a rotating
planet are only charged according to their opposite polarity period.

As a negative electron rotates faster in the positive and active quarter
of the earth’s daily rotation, it manifests more heat due to the resistance
of polarity oppesition.

As an atom on the planet moves into the negative quarter, its elec-
trons have no polarity opposition and they begin to discharge. As the
electrons move into the rest quarter they discharge part of their energy

86

and this in turn causes a slowing up in their orbits around the proton.
An electron can be stopped in its orbit by extremely low temperatures,
which removes its charge. The magnetic canopy of the “De Land Con-
trol” helps the electrons to hold their charge by keeping them in mo-
tion,

This is definitely proven in the “De I.and Control” on Mrs. Hibbs’
property. An orange on the tree does not freeze despite the fact that a
fruit thermometer inserted into the orange shows the temperature is
as much as 7 degrees below freezing. As long as the orange is on the
tree it is part of the life process of that tree. Any orange that falls to
the ground inside the control area will freeze. This is because it .
na_m::% out with earth and its electrons therefore slow up in their
orbits,

The temperature inside of the control area reads just as low on a
thermometer as the temperature outside of the control area, yet the .
fruit on the tree does not freeze. :

Mrs. Hibbs has recorded temperatures as low as 19 degrees inside
and outside the control area at the same time.



ELECTRICITY AS A STIMULANT TO PLANT GROWTH.

The flara of the north polar region {s remarkable
for rapid growth, fertility, and brilliancy of coloring,
phenomena which seem incompatible with the climate.
For the Arctic summer, though nightless, is very short,
the sun is low, and its rays are often inlercepted by
fog and clouds, so that it cannot furnish an amount of
light and heat favorable to very rapid growth.

The investigations of Prof. L.emstrom. of Helsingfors,
and others, tend to show that electricity exerts a great
influence on the growth of plants, and this view is con-
firmed by the luxuriant vegetation of the zone of ac-
tion of that violent electrical manifestation, the aurora
borealis. Furthermore, a close connection has been
found, in Finland, between fruitfulness and frequency
of auroras. Finally, Lemstrom was led 1o aftribute to
ihe sharp points of plants, such as the beard of grains,
the function of “lightning rods,” which eollect atmo-
spheric electricity and facilitate the exchange of the
charges of the air and the ground.

Thereupon he proceeded to submit the suspected ef-
feet of electricity upon vegetable growth te the test
of experiment, beginning in 1885 with a number of
flower pots containing similar soil and seed. Some of
the pots were subjected to the action of an influence
or inductive statical electric machine, one pole of which
was connected with the soil in the pot, and the other
with a wire netting stretched over it. The other pots
were, left to nature. The electric machine was driven
several hours dally. Within a week the electrified
plants showed a more vigorous growth than the others,
and in eight weeks the Adisparity In weight, of gratn
and straw alike, amounted to forty ner ecent. This

favorable result suggested a field experiment with bar-
ley, in which an Increase of 37 per ams\.e was obtained
by elecirifcation. In the following year the experl-
menls were extended to various plants. The results
were confradictory in some respects, n_,.@ showed that
the advantage derivable from electroculfure depends
also upon other factors, such as temperature, moisiure
of air and soil, and the natural fertllity and the manur-
ing of the latter. The supply of water proved Lo be of
especial importance. Extensive experiments with pota-
toes, carrots, and celery showed increases in crop of
from 30 to 70 per cent. Potted strawberry plants, in
the greenhonse, produced ripe fruit, under electrical in-
fluence, in half the usual time. Small differences, pos-
sibly due ta extraneous causes, appeared when the
direction of the current was reversed. Other fleld
experiments gave increases of 45, 55, occasionally 85
per cent for grain, and 95 per cent for rasplerries,
white cabhage, tobaceco, flax, turnips, and peas grew bet-
ter without electrification than with it

i..i. ..i:._. ,:..E..&i.
o Lemstrom, in ovider to test the effect of elimate
on electro-culture, transferred hls experiments from
Finland to Burgundy, where he found his earlier ob-
servations confirmed, particularly in recard to the
great influence of irrigation. He concluded that the
more vigorous growth induced by electricity must be
sustained by a rapid [ngestion of food, that s to say
—a rich soil being presupposed—by an abundant sup-
ply of water. With coplous watering peas, which in the
earlier experiments had reacted unfavorably to electri-
flcation, now showed a difference of 75 per cent in favor
of the electrified plants, carrots gave an increase of 125
per cent, and sugar beets augmented their percentage
of sugar by 15 per cent. The experiments in Burgundy
also confirmed the importance of the character of the
soil, The richer the soil, the greater is the advantage
of electrical culture, which is quite useless in very poor
ground. Hence, the Sahara cannot be converted into a
garden by electro-citlture.

In 1888 Lemsirom’s experiments ceased for a time,
but other investizators attacked the problem from a
different side, endeavoring to affect hy electrification,
not the growing plant, hut the seed. The Russian
botanist, Spechniew, submitted grain to electrical ac-
tion, and thought that it sprouted earlier and more
vigorously than grain not so treated. Pantens, who in
1894 repeated Spechniew's experiments on a larper
scale, came to the conclusion that electricity h-d no
effect on dry seeds, but that it promised excellent re-
sults when applied in connection with moisture—which
in jtself promotes germination. The same conclusion
was teached by Kermey, who in 1897 electrified grain
strewn on moist sand fn a glass eylinder through which
ft could be observed. The metal top and bottom of the
cylinder were connected to the poles of a galvanic
battery.

But while electrical treatment of dry grain is eom-
paretively simple and cheap, electrification durlng
germination I8 even more difficult and costly than the
appltication of electreculiure to the growing plant,
Grandean and Leclerq, therefore, returned to the latter
method, but, instead of using an artificial source, they
studied the effect of atmospheric elect ity by covering
part of a field with wire netting. The uncovered plants
showed an increase af il ar 60 per cent in zrowth and
[ruitfulness over the plants which were shielided by the
netting from natural electrical action.

In 1898 Lemstrom resumed his experiments with the
aid of an improved electrical machine and distrilmiting
apparatus. Again he observed remarkable increases
of crop—with tobacco 40, pelatoes 50, peas 56, sugar
beets 40, carrots 37, grain 25 to 36 per cent. Spech-
niew amd Bertholon obtained similar results,

As It is not practicable to cover fislds with electri-
tied nets, and as the influence of Aimospheric clectricity
had been proved, Lagrange and Pauling have recently
sought to increase the supply of the latter Ly setting
among the plants galvanized fron rods to serve as comn-
ductors, and have thus obtained great increase in crope.
This. as well as other methods of electroculture, is
probably too expensive to be applied to ordinary field
Crops.

Bur in the cultivation of fruits and vegerables, par
ticularly umder glass, the econonic conditjions are very
different, For, as electrorulture promises not onl:
mreater, t also earlier crops, which commanmd higl
prices, its introduetion would secure to local gardeners
large =ums which now go to the South aud would, at
the same tinie, benefit consumers by reducing prices
somewhat, thongh leaving them still remunerative.
Flariculture offers another promising field for the ap-
plication of electrical methods,

All this, however, belongs 1o the futine.  Much siudy
and experiment and probabiy many failures must Jire-
cede the peneral introduction of electroculture, thongh
the results already obtained are cerfainly promising,

In what way is the growth of planis affected by elec
tricity? Plants transform the energy of the sim's ray:
into chemieal energy. Though the heat produced 1
the electric current may have some direcl effect, espi-
cially in germination, the electrical energy sup-
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‘plied cannot, in general, replace or even greatly re
[nforce the energy of sunshine. It is rather to be
regarded as a stimulus to metabolism and all the
vital processes. One of these is the capillary eleva-
tion of water, whirh isx promoted hy a positive elec-
tric current flowing npward. This is one possible
explanation of the promotion of growth hy electricity,
and theough in some cases the best effect Is obtained
by alivecting the positive current downward, or in the
onposite direction to the assumed principal Aow of sap,
these exceptions may mean that more foml is stpplied
by the leaves than is commonly supposed.  Amoaiher
possibility is an increase in activity in hoth leaves and
roots. The electrical inflntence on the How of sap. how-
ever, appears to he proved hy the fact that electro-
culture is heneficial only in conneetion with an abun-
dant supply of water. According to Kermey, there is
also an electrolysis of water within the plant, and fur-
ther experiment may prove the existence of other elee-
trical actions.
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8.5 ELECTRIC FIELD EFFECTS ON PLANT LIFE

Several studies illustrate the use of relatively stro.., _.
electric fields to affect the viability of seeds during storage
and seed germination, or to influence the growth of plants.
Pammenter et al. (1974) reported that stored seeds subjected

to an artificTal aging process Progressively lose the ability
to germinate, so that after 30 days of treatment only 10%

of the seeds. are viable. However, by Placing the seeds on

an electrode at 300 volts the germination rate after the J0-day
aging treatment was improved to about 70%. The data demonstrate
that a substantial improvement in seed viability occurs for all
degrees of aging and that the protected seeds alsoc show a lower
percentage of chromosomal abnormalities. These effects are
attributed to a form of "cathodic proteection" in that the elec-
trode provides electrons to react with the free radicals and
thus inhibit the normal course of lipid peroxidation by which,
it is believed, the cell membrane is destroyed in both arti-
ficial and natural aging processes.

Sidaway (1968) examined the germination of seeds in an elec-

trostatic field of 36 kV/m and came to the conclusion that a
field with the positive pole above the seeds inhibits germina-
tion and, to a lesser extent, the negative pole above improves
the rate of germination.

Murr {1864; 1965) studied the destructive effects which
occur in plants grown in fields of 20 - 80 kV/m (DC) created
by a plate located above the ground in which the plants were
rooted. The leafy tips of grass plants were injured or killed
by-this strong electrostatic field, which was intensified to
“much higher surface field values at the leaf tip. From his
studies, Murr finds a surface field of 110 - 130 kv/m is about
the threshold for destructive effects in these plants. Murr
(1964) speculates that the mechanism by which the plants are
injured involves an acceleraticn of enzyme activity leading to
impaired cell respfration and further destructive events.

M. W. Miller (1974} exposed the roots of the mung bean plant
{(vicia faba) to electric or magnetic fields at 75 Hz wich no
indication of an effect on either growth or mitotic index. ‘

No chromosomal anomalies were seen. The electric field exposura
wag made in a plastic tank filled with a plant nutrient sclution
in which there was a current of 0.1 A/m2 and an electric field
of 10 V/m. The control plants were in a similar tank for which
the electrodes were not energized. The magnetic field experi-
ments were conducted at 0.5, 5 and 17 G in plastic cylinders
containing the plants in a liguid nutrient medium and wrapped
with electrical wire, The authors cite other "well-documented®
research (Beischer, 1965; Audus and Whish, 1964; Dunlop and
Schmidt, 1969; Mericle et al., 1964) at higher field strengths
(from several hundred to several thousand gauss)] whic¢h did find
effects on plant growth and the mitotic index, but in view of the

IL.E.: Nature 201 (4926):1305-6
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42300 DYCUS, A0 ML and ALICE ) SHULTY
Arizona State University, Powpe, A survey of  tlie
effects of magnetic environments on seed gernmmation

and early growth. ﬁM“' Pl"f‘:°l°37 3{1 _.ch

Seed of twenty different species of plants comman!ly

used i laboratory  courses  were prown i apagnetic
enviromnuents ranging from a nulled regwon {magnetic
quict) of 0 to 25 milligauss o 4 permanent magnet of
o0 gauss strength. The majority ol the seed germi-
nated faster and produced larger tops wnd roots after
two weeks inthe magnetic quiet region. The cucuwmbera
and radish plants maintained  this increased rate of
growth for the duration of the experiment

Some seed showed a faster permination rate in the

geomagoetic field and maintained  the accelerated rate

throughout the experiment. Two  wevks after germi-
natien, corn, barkey and verel, while starting slow or
o the geomapnetic fiehd, showed a0 noaked  ieregsed
rate ol growth, as compared to plants in the nulled field

Seeds placed in the strong magnetic tields generally

were slower to germinate and did not maintain the rate
of growth shown by the plants i the geomagnetic and
nulled felds, Germisation in the strong magnetic fields
was influenced by the position of the axis of the seed

relative to the lines of foree of the fickl, When the long
axis of some of the seed wis placed at rght angles to
the dines of force the rate of growth was much stower
than the rate fur the seed placed with the long axis
paratel to the dines of doree, However, Coleus cuttings
sliowed a marked increase in root growth in magnetic
neld of 2000 gauss strength, The number of roots and
the length of the roots were both creater in the nagnetic
feld than on similar cuttings in the nulled feld or the
geomagnetic teld. There was no apparent effect on the

tup growth of the Coleus cuttings.

28, 1964)
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