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INTRODUCTION

The possible effect of electric current upon the growth
of plants has been the object of various types of research for
more than 150 years. Solly (42) states thet the earllest work
was done by Dr, Maimbray of Edinburgh in 1746, According to
this account Maimbray electrified two myrﬁles'during the month
of October and found that they put forth small branches some
lnches In lengthy and even came into blogsom. Other myrtles
which were not electrified made no such development, conse-
quently he concluded that the differ;nce in behavior was due %o
the effect of the electric current.

Apparently the first treatment of crops was attempted
by the abbe Bertholon in France sbout 1870, Basty (1) relates
that Bertholon treated various garden plants by sprinkling
with electrified water. A gardener, standing on a slab of |
insulatling material in a wagon, carried a sprinkling can electri~
fleld by means of a wire leading to o abtatic machine, "By
means of this process, strange for the times, the good abbe
Bertholon, who was considered something of a sorcerer; obtained
salades of an extraordinary size,”

Prior to 1900 many of the.inﬁestigators‘on the subject of
the electrical treatment of plaﬁﬁs reported rather sensational

increases in plant growth and yields, but for the most part
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their tests were limited in scope and obviously lacking in
exactness. In recent years meny phases of this problem have
been gtudied by Engligh, French; Finnish, German and American
observers and sclentific investigators. & mumber have repérted
apparently slgnificant increases in crop yields resultingvfrom‘
tfeatment wlth electric current, others have found 1little or

no differehce. Among these later trials, which,.in most
instances, appear to have been condueted under carsfully con-
tfolled éonditions,vthe majority'show<significant yield in-
creases for the electrical treatment.

In therfew experiments where the effect of electriec cur-
renb ﬁpon the physiologie funcfions of plants has beén ipVest-
igated, the results obtained have failed to provide a satise
factory explangtion fof‘yield diffefennes. Until signifieanﬁ
responses of plant functions to the influence of electric cur-
- rent have been dembngtraﬁed it would geem thét the whole matter
of increased plant yields by such treatment must remain a de-

batable one.



REVIEW OF LITERATURE

Plants are continually subjected to the influence of
environmental conditlons and forees, and growth is materially
affected by many of these conditiouns, if not by all of them.
Varietions in temperature, humldity, or light are known to

Induece marked changes in character and rate of growth, -

Naturel Barth-Alr Currents

That plant 1ife 1ig surrouﬁdad in the atmosphere snd in
the soll by a contiﬁgal play of eléctric currents has been
demons trated by several in&estiga%ors, Wilson (47) observed
that on a clear day therground is negatively charged while the
lower atmoéphnre is positively charged and that ﬁhe pbsitive
potential gradlent increases with heicht at the rate of 100
volts per meter. He found Lhat in the upper atmasphere th1s
rate of increase falls of f untll at something 1ess ‘than 10
kilometers the potential has beeoma 1ndapendent of ﬁhe height,
The average current from the air to the earth in clear weather
was found Lo be approximately 2,0 x 10-16 amperes per square
centimater. | _ ,

Wilson observed that in Burope the potential gradienb is ,
highest in miﬁwinter, about 160 volts per meter, and lowest_in
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midsummer, about 70 volts per meter, It is higher in midmormn-
ing and midafternocn than at other times of the day, Vithin &
fog the potential gradient may vige to several times its normel
valug, also c¢louds of'dust‘may produce large changes, the sign
of the charge depending upon the nsture of the dust. dlduds
other then rein clouds usually have little effect bubt with the
formanlon of the cumulo-nlmbus a very great increase in the po-
tential gradlent may occur in a few minutes, ,

Wilson further relates that during showers and thuﬁder
sﬁorms»ﬁhe charge at the groﬁnd mgy'ba elther pcéitive oY nega-
tive, and 6hangés sign frequentlj; At such times the vertical
eleétricrforce‘oftenfexeeeds 10,000 vélts'per meter and the ex
changes of electric charge betweeh earﬁh and air are much larger
than iﬂ fair weather, These changea oepur not cnly ag lightning .
discharges but also by means of (1) & continuocus conduction:cur*
rent between thevthnndercloud-and’the ground and (2) smell
charges Carried oy indivi&dal dropé'Of'raing

| Slmpson (40), in Indla, developed an instrument for measur..
ing the electrical charge of raln and made obsarvations from
April to September‘for one year. During this period, which is
the rainy seasoﬁ,in;lndia,_vsoa,centimetérs>of raln fell, He
summa:izes*his;obsérvationa'aa follows: (1) duriﬁg.?l,per aéntf
of the time that charged raln fell the sign was positive, (2)
75 per cent of the electricity brought down-ﬁy'the rainSWas v
positive, (3) light rein was more highly charged than heavy rainm,

(4) all rainfall which occurred at & greater rate then a millie
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meter in two minutes was positively charged, (5) the botenﬁial
gradient was more often negative than positive during a rein,
(6) no relationship between the sign of the potential gradient
and the sign of the electricity of the ralin could be debtected,

Lemstrom (27) calls attention to the rapid and succulent
growth of crop plants in the far north, He is not willing to
ascribe this rapidity of growth entirely to the longer day butb
agserts that it must be at least partly due to the highly
electrical state of the atmosphere in the northern regions. In
support of this view he states that in a study of sections of
fir trees from different latitudes he has found a pronounced -
varistion in periods of yearly growthvwhich,corresponds'fully
with the'periods of the sun spots and the aurorss. A comparison
of sections.of large trees from the polar regions of 67 degrees
north latitude with sections of tress from a more southerly
latitude of about 60 degrees shows that this periodic variation
in yearly growth is much more pronocunced in the northern trees.
He observes also that the fir trees, by reason of their pointed
conformation and needle-like leaves, are particularly adapted to
act as "the meang through which the electricity goes from the
atmosphore into the earth or vice versa." Through experiments
made by himself during the Finnish International Polar Ezpedi-
tion of 1882-84 it was shown, Lemstrom asserts, that "Not only
do such electrleal currentsexist, but these currents were evén

meagured by means of a speclally constructed apparatus with

metallic points.”
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Iund (28, 29) measured the relative potential of the
growing polnts of the Douglag fir apd found that the aplecal
leader of the fir had an electric charge which was pesitive
in sign (in the external circuit) when compared to any of
the leaders on the side branches. He observed also that the
growlng tip of any lateral branch was positively charged in
relation to the trunk at the base of the tree., Iund believes
that “we may speak of the apex of the main stem as exhiblting
a positive electrical dominance in the tree system", and that
this correlation with growth dominance indicates a significant
relationship between electrical potential and orgaenic polariby.

Honahan (34) reports the results of systematic observa-
tions concerning the effect of trees upon the potential graau
lent of the air, He made daily reedlngs from April 20 to
November 1 with collectors and a Thompson quadrant electro-
meters A collector was placed in an elu 40 feet above the
ground somewhat above the widest spread of branches and another.
ab an equal height in the open air. The average dally voltages
by months was as follows_(in eachucase the first figure is the
voltage for the open air); April, 30.0-30.0; first half of Hay,
52,0-52,05 last half of May, 44.2425,3; June, 38,0-21.2; July;
57.3=18,05 August, 54,4-29.63 Sept. 57,0-54,5; first week of -
Octe 48,0+40,8; last three weeks of Oct. 19.0-19.0. The sign
of the potentlal was negative throughout, It was noted that
the potentlal was the same in the elm as in the opsn alr until

the middle of May when the tree came into full leaf, On August
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1 a collector was placed 12 feet above the ground near the top
of a small Norway spruce, Dally readings tékén here showéd
that the potential was very mch lower than in the elm and the

sign was nearly always positive,

Crop Experiments Using Modified Atmospheric Potential

In a few vases attempts have been made téﬂintensify; withe
in a definlte ares, the natural exchenge of elsetric curremt
between the earth and the atmosphere and to meaéure the effect
on plant yields. Sanborn (39) buried wires 10 inches deep and
three feet gpart aeross,a'plot two rods square and conneected
thgm.atfone end with a copper brush mbunted_on'a pole QO,feef
high, Crops of various kinds were planted with the rows running
at right angles tothe direction of the buried wires and extend-
ing acress an untreated plot also two rods square, Seed ylelds
for the single year of the experiment on the treated plot; as
compared to those on the untreated plot,;wafe ag follows:
plug 87 per cent for Qa%y, plus 41 per cent for beans;_and plus
21 per cent for buckwhest., Other erop yields om the treatedl
plot were for potatoes plus 10 per cent, for mangels plus 32
to 115 per cent, aﬁd for tufnips minmig 59 %o plus 36 per cents
Apperently no attempt was made to measure the amount of electrie
current passing between the elevated copper brush dnd the ground
wire, . | _ |

Many years sarlier Basty (1% had used the buried wire and

elevated dischsrge points on his‘strawberry patch. On the
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treated area, for one year, he reported a yield 70 per cent
greater than on the untreated area. Over g btwo-year pericd he
chteined, on treated areas one to four square ueters iﬁ size,
increases of 10 to 20 per cent for such crops as potéﬁoes,
onions, peas, beans, beets and tomatoes, Basty also investie
gated the effect of what he call "petite llightuing rods.”
Although he does not describe these they apparently were pointed
rods aboubt one meter long. These were sét upright in thé_grounﬁ
-with the pointed emds uppermost, 16 rods in a plot, two meters
squarss He reports increases, as @ result of this installation
of pointed rods, of more then 100 per cent for onions, spnach,
hemp, and clover, and smaller iﬁcreéses for other crops., Basty
used no replications but he apparently'obéained rather con-
sistent increases throughout the range of crops tested.

Stone (43) placed plate electroaes in the opposibe ends
of greenhouse flats filled with soil, One electrode was con-
neeted to a copper brushﬂé? foet above the ground, the oppbsite
electrode was grounded, A conmbinuous slight current was noted,
Several tests with radisheé, including 738 plants, resulted in
| increased,yields of ‘topa aﬁd_roots of 28 per cent. For lettuce,
Inersases of 39 per cent were obteined, | N

Solly (42), ekperimental chemist for the Horticultural
_ Soclety of London, buried eoppér wires four inches deep and 12
inches apart and'cdﬂnecte& thﬁm;Wiﬁh a copper boush 33 feet

above the ground, Barley was seeded in rows, one row along
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side each strend of wire ani at a corresponding rate in a near-
by control plot, Rate and vigor of growth were observed ﬁhréugh«
out the season but in thig test n0»differences'could:be noted,

Grandean (13}, director of the Eastern Agronomy Statiﬁh»
in France, investigated the effect on vegetative growth of a re=
duced atmospheric potential, He grew corn, wheat, and tobscco
under wire cages grounded to destroy the normel electrleal field.
The cages, constructed of iron wire %o fcém a mesh 10 by 15
centimeters, wore 1.5 ﬁ@téra high and of sufficient'diameter to
enclose the élants., On ﬁhﬁ basis of total green we;ghts, with
the controls taken at 100 per cent, the plants enclosed by the
cages made the following comparative growth: tobacco 51 per cent,
- corn 58 per_eenﬁ; wheat 70 per cent, The test included two
plants of tobacco, two of corn:aﬁd‘lz éf wheats “agﬁhdﬁéu bgm
lieved that the effect ofvtreég upon vegetationfgfcwing naarby_
is of the same nature, He reports that the potential gradiegnt;
~ as measured with o Thompspn:eleetramséer,,is muéh lower under
trees than in the open, _ o

Honahan (55) tested the effect of electrically charged air.
on. the grcwth of plants. Two lots of 100 seeds each of white
clover, onions, 1ettuce apd red. clover were germinated in a
tight glass‘case four feet three inches,long; bwo feet nine'
inches wide, and twa feet 11 inghes high._ Ay in this case was -
kept mﬁlst by dripping water and charged every eﬁght hours by a
Holtz madhlns. ‘The charge obtained was sufficlent to couse & .

slight deflection in a ”hompson quadrant electrometer, A‘almiu;



15
lar encloged case was set up for the controls. For the lots
tested HMonshan obtalned an aceeleratiqn of germination of 55,4
per cent after 48 ‘Eoursg,- 23,1 per cent after 72 hou_':*s_-,v‘and
17,11 per cent after 96 hours, Hé reports that the growth of
tomato “pl‘ants,» corn ,cotyledoﬁs_,’- and bread molds was stimulated
by charges of slight intensity., In his work the following
year lonshan (34) charged the cases once each day with currents
" of 140 to 160 volts. The charge was maintained but a few seconds
.an'd practically diaagjpéargd from the alr in 15 mimites s After
charging, the cases weére kept closed for four hours and tb;exi,
opened for the remsining 20 hours, A comperison including 586
radish plants showed a gain in weight for the tr‘eatmént-j.df |
49,85 per cent for the tops and 51,62 per cent for the roobs,

) _Tr_aﬂatment’ of crcibs by mesng of an overhead wire ne-twoﬁk,..
hig‘hly —chemgéﬁ-\- has been 'teéte&' by several i‘nvestigatérs. In
all cases the network was supnox'ted on msula‘aed posts so that
the d.ascharge could reach the: plants and the earth only through _
the atmpsphere, »

'Lemsm*om’ {27) conducted tests of this sort on 10 different
f:.elds in as many yearss To apply_ the current for the overhead
wires he used a sﬁs*atic .nu‘achinév'\eqrineﬁetgd at one post with the
wi;:és and at the other with the ground, The ereas 'subjec?‘aeﬂ ’v"c,o‘
this‘véjoi*t‘ of trestment were but'a fow square meterss In nearly
all caées the current was applied through most of the growing
segson except during rainy spells or during the hot part of
the day., He cbserved that trestment during btimes of hot, bright
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‘sunshine was apt to be Injurious, Later investigators have

obtained similar results in this 'respect. This injurious rew
gult indicates that with his equipment he was able to supply
current enough Lo apprecigbly affect atmospheric conditlons.
Lemstron inciuded in his experiments many kinds of garden and
field crops and reports Increases of approximately 456 per cent
as an aversge for all tesis.
‘ With refersgnce to the sometimes injuricus effect of the
overhead electrical discharge Priestley (37), botanist at the
University of Bristol and later with the University of Leeds, .
concluded from his study of several groups of experimental data
that treated plents give off water wmore rapidly than uni;reabed :
ones, He based this conclusion o'n‘.the fact that in the data
studied, plant yields on the treated areas falled to be greater
than those on the eontrols only inm dry seasons, and in seasons
of extreme drouth were distinetly less than those of the
dqntz*ols. |

English investigators have Deen much lnterested in the

treatment of crops by electriclty, especially by means of the

overhead network, and have conducted a mumber of rather elaborate

testa « Most of thia work was done over the period from 1908
to 1924, Newman (35) at Evesham placed wires 15 feet above the
ground and 10 feet apart each way and charged them with a po=
tential of 50,000 to 75,000 volts, He reports a 21 per cent

increase in the yield of wheat on three fields over a geven
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year perio@. Increased ylelds for the treatment were obbtained
every year except during the dry season of 1908, Newmen, in
cooperation with Sir Oliver Lodge, worked out the detalls of the
necessary electrical egquipment and arrangement and since thab
time the setup has been known as the Lodge-Newmen apparatus,
About that time Newman was installed as the ggneral manager of
the Agricultural Electrlcal Discharge Co. Litd,

Blackman (2) summsrizes the results of 18 field experi-
ments over a period of six years, Of these tests 14 resulted
in increased ylelds for the eleetrical trestment., His report
includes the result of & three year experiment at the Rotham-
sted exzperiment station, Here he used a current of one milliampere
at 50,000 volts per aere, siz hours = day for sixz months, and
obtained increased ylelds for barley of 10 to 36 per gent aﬁd
for clover hey 6f 34 to 50 per cent. Dudgeon (9) in a test
with four varieties of potatoes on eight acres applled current
for 413 hours during oné geason, She reports incremses for
the treatmeﬁﬁ‘ranging from eight to 37 per cenb.
? Jorgensen and Priestley (17) studled the distribution of
thé overhead elegtrical discharge in connection with the Lodgew
Newman apparatus, They found that (1) strength of discharges
varied as the wind velocity, With'ether-factorssprobable; {2)
maximm current density was of the order 10-1l amperes per
square centimeter, (3) effect of the discharge was not limited
to the area under the wires, They suggested thab the use of a
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screen between the treated ares and the control might be of
some help in preventing eiectrical drift, Jorgensen {18) @is-
cusses an experiment of Misg Dudgeonfs, carried on in 1915, in
which she used a wire drift screen as previously suggested by
Priestley and himself, A grounded wlre scveen extending three
feet above the charged network was installed between the com-
trol and the treated areas HMigs Dudgeon's daba, as given by
Jorgensen, show, Tfor oats, an incressed yleld on the treated
plot of 30 per cent for the grain and 58 per cent for the straw,
Eledﬁrcmeter’readings showed some leakage past the screen,
Hendrick (14), at Aberdeen University, used the Iodge-Newman
setup with the wire drift screen., & three year test with oats,
barley, hay, potatoes, turnips; and swedes showed no consistent
effects on yiélds resulting from the electrical treoatments

Blackman and Legge-(s) conducted pot tests with several
crops in the greenhouse and the open for four years; using the
overhead dischaerge. Increased yields were obtalned with 23 of
'the 28 sete of pots, A corrent of 0,1 times 10~10 amperes per
plant was as_éffective as higher currents and less liable %o
be injurious. Currents of 1,0 times 10-8 amperes and higher
were definitely harmful,

In contrast to the generally favorable reports from'England;
France and Finland, concerning the use of the overhead network,
are the results of tests conducted in the United States and
Germeny, Briggs et al (5) condueted experiments with a highly
charged network for eight years at the Arlington Farm using an
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experimental procedure similar to that employed in the English
trials, Crops tested included winter wheat, wlnter rye, corn,
and soybeans, Data presented in thelr report show that the
yields for the treatments varied both above and below those
for the'contrqls,_and that the variatlons appear to be well
within the llmits of experimental error, Kuhn (22), in a tosk
in Germany, treated eight crops, including four kinds of small
grain, The.ovérhead network was placed five meters from the
ground and charged with a current of one to two milliamperes
at 100,000 volts. From the results obtained at the end of one
year Kﬁhn concluded that the electrical treatment was of no
value. | ‘ ,

Gerlach and Erlwein (12), at Mocheln, treated oats with
_high’tension current applied with overhead network., The freat—
ment was conbinued 24 hours a day for 45 days}on three plots,
one of 6156‘square meters in area, the other two each‘SOSstquare
meters, The geason became quite'dry and portions of the tfeated
and coﬁtrol areasiwere ifrigated.‘ On the treated plots which
‘were not irrigated the ylelds were somewhat less than on the
corresponding controlyarea,:but otherwise the yields were not
sppreclably affected by the treatment.

In experiments conducted in the biophysical laboratory at
Washibgton, Ds Os, Colling et al (8) treated seedling grain‘
plantg with.a_high valtage dirept current of 10-9 ahperes pér.
plant,_dischérged from an overhead network, The current was

measured with a sensitive galvanometer and maintained congtant
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within a narrow range, Tthe 1ight intensity and emount of water
supplled were carefully equalized, The test conducted during
the winter of 192425 included 48 flats of corn and 24 flats of
barley and of these wmumbers one-half were used as controls.
Bach flat_ccntained 100 seedlings, Two flabs, one treatment and
one control, were run at a time. In some cases the treatment
was applied only during the day, in others only during the
night, and‘in st1ll others it was applied continuously., Only
in the ecase of the ﬁight treatment of corn were significant
increases obtained, The measure used was the final mean helght
of the geedlings per flat,

The following year the test was repeated, running two
treatméﬂts and two controls sirmltaneously, The boxes ware
placed on a_rotating platform and watered only at the beginning
of the test., The current was applied for from six to ten days
aﬁd the test was concluded in two weeks afber the seeds were
planted, This year increases in elongation were determined,
The aﬁﬁhovs conclude that differences due to more rapld loss
of water in certaln boxes were greater than differences due to
treatment, In 1927-28 six flats were started at a time and
the four with the most uniform seedlings were chosen for the
test, The two flabs appearing to be the most nearly equal were
paired and the trgatment applied to one of the palrs chosen at
random, This procedure was repeated five times, To determine .
the amount of growth green welghts were used, cutting all plants

in a row simulteneously and placing at once in a closed weigh=
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ing can. The differences in growbh obtainedwere not signifi-
canb, For one set of flats, two received a comparatively
gtrong current of 75.0 x 1079 amperes. Here agaln treated and

control plants made practically the same gains.

Crop Experiments Using Soil LElectrodes

The effect,upon plant growth, of elecﬁriciby applied
through the 301l has been'stuéied in a group of tests char=-
acterized by the use of plate electrodes placed one at each
end of the ssedbed. The current used in these tests nmust
pass through the trial plots from 6ne electrode to the other.,

Ross (38) 1n 1844 buried a copper plate five feet long
and 14 Inches wide across the ends of three rows of potatoes
and a8 zine plate of equal size across the other ends 100 feel
dlstant, and connected the plates by means of a copner wire
vlaid on the surface of the ground, On July 2 the treated
potatoes were reported to be aboubt 2% inches in diameter while
those not treated were approximately the size of marrowfab
peas. The total weights at harvest spparently were not de=-
termined. A year later Solly (42) planted 140 small plots to
grains, legumes, flowers, and vegetebles. In each of 70 of
these plots copper and zinc plates four by fivwe inches in
dimensions were placed five inches apart and connected above

ground by copper wire. From notes wmade on rate of germination
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and comperative vigor he concluded that the treabtment was bene-~
ficial in 17 ceses, harmful in 18, and of no effect in the re-
maining 35 cases,

Holdeflelss (15) treated sugarbeets and potatoes in the
field, selecting areas where the stands were good, Two copper
plates, 5O by 80 centimeters in size; were sunk vertically in
the soil to é depth of 50 centimeters across the opposite ends
of two rows 56 meters long. The plates were comnected to the
poles of a 14 cell Meidinger battery, In the same fields cir-
cults without$ batiery were set up, fin these installations -
copper énd zine electrodes were buried at the ends of rows so
that a disbtancee of 33 meterS'separated the plates of the PRiT,
Each set of electrodes was comnected above ground by a copper
wire, The results obtained were summerized as follows: (1)
en electric current existed on all treated plots throughout
the test, (2) the crops subjected to the current from the
battery showed no efiect either in growth or yleld, (3) both
the sugar beets and the potatoes subjected to the current pro-
vided by the copper zinc combinations showed inereased vigor
within 10 days after the beginning of the experiment and in-
cressed yields of 15 to 24 per cent. ‘

Wollny (48, 49) laid out five plats, each four meters
long by one meter wide, separated from each other by paths 1,2
meters wide and also by boards sunk 25 centimeters in the

ground, On plats 1 to 3 a zinc plate was sunk along each side
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and opposite plates connected as follows: plat 1 with an inw
duction coil operated by three Meldinger cells, plet 2 with
a battery of six Meidinger cells, and plat 3 with a battery of
three Meidinger cells. On plat 4 a zinc plate was sunk along
one side and a copper plate along the other and these connected
by a éopper wire above ground. Plat § was used as the conbrol.
Currentg in the first three plats were measured frequently by
mweens of a galvanometer and meinbained at fairly constant |
strength by renewing the batteries every three or four weeks,
In plat 4 the current wes very weak., Of the four square meters
in gach plat'one square moter each was planted to summer rye,
summer repe, beans and botatoes, The above deseribed tests
were conducted in 1883 and repeated on a somewhat more extensive
saalg‘in 1866 to 1887, All plats were harvested and the yields
determined, Wollny concludes (1) that the varistlons in yields
were such as tb indicate that the effect of the treatment was
negligible, (2) the stronger currents might possibly have been
harmful, (3) there was a slight indication that the extremely
weak current of the copper zinc combination might have been
beneficisl,

Lelcester (25) used flats of soll three feet long and
equipped a number of them with the copper zinc combinstion,
In germination trials with several kinds of seeds he noted in
every insbance & more rapld germination in the treated flats,

Watering with a little very dilute acetic acid increased the
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rate of germination in the treated flats but did not affect
those not treated,

In work carried on at Bromberg, Gerlach and Erlwein (12)
treated crops with electric current applied through the'soil;
The field selected for the experinent was divided into seven.
plots of 200 square meters each and each plot was planted half
to barley and half to potatoess The three plots to be treated
were provided with iron plates 20 meters long by 30 centlmeters
wide and two centimeters thick, sunk in the soil along both
sidés and.charged with current from a nearby electric railwey,
The current at the plots averaged from 0,2 to 0.4 amperss with
a potential of six volts and was applied 24 hours a day from
planting to harvest, Yields obtained varied in such & manner
as to lead the suthors to conclude that the electrical treatment
had no offect.

Kovessi (21) in 1907«08 conducted more than 1100 tests
with many kinds of herbaceous and woody plants, He used porcelain
vessels, each equipped with two plagimum electrodes buried in
the soll at opposite ends of the vessel, Currents of varying
intensities end potentisls were provided by Meidinger piles;
thermo—eleefric piles, and dynamo electric'machinea, In general
the effect upon germination end gréwﬁhvwas decidedly harmful,
Seed ig the vieinlty of the electrodes germinated weakly or not
at all, Results varied with eurrent,intensity end pobtential

but were always more or less negatlve,
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Using currents of low intensitles, applied by means of
electrodes buried in the soil, Stone (43) treated large numbers
Qf radish and lettuce plants. A total of 4871 plants were inw
cluded in the comparison, The amounts of current used in the
different tests ranged from 0.2 to 0.4 milliamperes. Totai
galng of tops and rootg for treated plants compsred to con%rcls
were as follows: with & weak direct current radishes gained
23,67 per cent, letbtuce 22,78 per cenkg with a direct current.
twlce as strong radishes gained 34,26 per cent, lettuce 40,76
per cent; with a copper zinc combination providing 0,214 mlile
liamperes radishes gained 58,566 per cent, lettuce 36.48 per
cent, The tests with lettuce included only plants which had

been transplanted,

Electrilcd Treatment of Seed and Seedlings

Kinney (18) studied the rate of growth of the root-
aproubs of electrically treated seedlings. Glass funnels were
filled nearly full of wet sand packed between two copper‘plata
electrodes, Germinated horse beans were placed on the upper
gurface of the sand and thé upper and.iarger copper plate was
pressed down upon them, Thls plate had 12 perforations and
was placed so that the stem sprouts grew upward through the
holes, The horse beans, which bad radicles two inches long at

the beginning of the test, were treated hourly for 30 seconds
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with a current of two or three volts. The radicles could be
observed eleafly against the inner surface of the funnel and
the growth in length was measured at intervals of 12 hours.
Compared to the growth of the radicles of untreated beans

in & similar container, the growth of the treated beans,
measured in four successlive 12 hour periods, was greater by
the following per centsy 19.00, 44.95, 42.13, 39.47, in the
order given.

Blackman et al (4) studied the effect of a very weak
current on the rate of growth of the coleoptile of barley. A
direct positive current of the order of 0.5 x 10~10 avperes
was applied to the coleoptiles by means of a discharge point
two centimeters removed. The roots of the barley seedlings
were in nutrient solutiomn. An inereased rate of growth was
observed, as follows: four per cent the firgt hour of treate
“ment, flvs per cent the third hour, and twelve per cent the
Lifth hour. The increased growth of twelve per cent obtained

during the fifth hour was assumed o show after effect as the
treatment had been discontinued prior to thet time.
Considerable interest has been manifested in the effect
-of electrical treatment of seed upon germination and subse-
‘quent growth. Xinney (18) treated seeds of several crops
with currents of voltages varying from a smell fraction of a
volt to ten or 12 volts. He concluded that the optimum cur-
reny for the method used was epproximately three volts., The

molst seed wes pressed in a glass cylinder'between two plate
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electrodes; electrified for;not more then five minutes, and
then placed in a germinator, His summaries show thalt the rate
of germination was accelerated, sometimes as mmch as 20 per
cent, by the optimum treatment and the early growth of the
radicles considerably stimulated., He observed, however, thatb
the beneficlal effect on growth of the sprouts appeared to be
temporary as untfeated plants tended to cabeh up with those
treated,

Leighty end Taylor (26) presoaked wheat for two hours
in a 3.5 per cent.salt solution and then applied current for
three and one~half hours st the rate of eight watts per gallon,
Treatment was applied in o wooden tank with a sheeb iron
electrode at each end, The control lots were handled as folm
lows: one lot soaked in salt solubtion for five and one~half
hours, one lot soaked in tap water for five und one-half
hours, and one lot dry, Afbter treatment all lots were spread
to dry in a greenhouse for two days, then seeded., One~fortieth
acre plots were seeded at the rate of seven pecks for the
soaked lots and six peck§ for the dry lot, Yield averagesfor
two years, with three’replicationa for one year and five for
the second year, were as follows:, electrically treated 27,0
bushels gf grein and 3,884 pounds of straw; soaked in salt
soluﬁiqﬂ without electric treatmwent 25.0 bushels and 3,631
pounds; sosked in waber 26.5 bushels and 3,573 pounds; dry lot
28.1 bushels and 3,829 pounds. In at least one year of the
test the lot soaked in salt solution withoub electric itreatw
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ment germinated quite slowly and showed reduced vigor for some
time after sowing.

Lee (23, 24),0of the department of Physics at Mani%oba
Agricultural College, tested the effect of electrical seed
treatuent, More than 150 trials were made involving tests of
different solutions and different amounts and intensities of
current, and the most favorable method determined. In 1919
yields were obtained with Harquis seed wheat treated by bthis
method (not described by the author), Yields of grainfénd
straw from the treated seed were 18 bushels and 4800 pounds,
from the untreated 145 bushels and 4,266 pounds, The report
states that towards maturity the treated plot showed a slightly
ranker growth.

In tests bto determlne the possible effect of elsctric
currents upon germination, Wheelock (46) treated corn and
durum wheat with currents of 0¢0 ampers, l.5 amperes, 2 amperes
and S amperes, for periods varying from 350 minutes to five
hours, In gellon clay jars filled with tap wabter a metel plate
wag placed in the bottom and snother suspended in the water~
near the top of the jar, These eleebfoies were charged with
a 110 volt direct current, The seed was immersed in the
charged water and a portion removed svery 30 minutes, Controls
were soaked but not eleetrically treateds After the treatment
all lobs were dried, and following an imterval of 18 days,

were planted in pots in the greenhouse., With the 32 lots of
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corn and 28 lobs of wheat no consistent differences In germing-
tion could be obsgerved. In g second series of bYests corn and
durum wheat were planted 14 hours after treatment, with results

aimilar to those cobtained previounsly,

Studies of the Physlologic Regponse of Plants

In the expefiments-described on the preceding pages
interest has centered chiefly in the effect of electric cur-
rent on the rate of growth and yield of the plants under-observa-
tion, Kven by those who claim to have stimulated plant growth;
but little systematic efforﬁ has been mede to discover the
vhysiological basis of plant behavior when so treated, EKoern-
icke (20), in an experiment conducted at the Agricultural Colw
lege of Boninoppelsdorf, demonstrates the stimmlating effect
of eleetric current and presents an explanation of the physiologw-
ical response to the treatment. Im thig test highly lonized
air, obtained by the spark dischargé of a high bension current
in a closed tube, from whica the objectionable ozone had been
removed, was led to.the experimentel plants. These plants,

Phaseolus multiflorus, stood In a large, closed glass vessel

so that they grew 1n consbantly renewed, lonized air, The dew
gree of lonization of the alr in the plant chamber was regular-
1y measured, Treated plants showed considersble increased
growth in comparison to the control plants, In many cases they

produded leaves with four leaflets instead of the three which
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are characteristic of the been, Determinations of the transplra-
tlon rate showed that the treated plants transpired 1,554 grams
and the controls 1,299 grams of water per square centimeter of
leaf surface in five days, To indicate the assimilation ra‘te
of carbon and nitrogen, measurements were made of leaf area and
dry weight., A&fter 3} weeks of treatment 35 control plants had
a total leafl area of 741,37 square centimeters, as compared to
an area of 1431.32 square centimeterg for 35 treated plants,
The total dry weight of 31 control plents was 19,057 grams,
while for 31 treated plants it was 53,655 grams, On the agsuwmp-
tion that the comparative use of mutrient selts should be indiw
cated by the pH change of the mubrient solutions in which the
experimental plants were grown, determinations of pH were made
at the beginulng and at the end of the triel period. The pH
at the beginning of the test for bobh lots was 7.05 while at
the end 1t was 6.7 for the controls and 6,5 for the treatments,

Knight and Priestley {19) measured the respiration of
germinating seeds and of seedlings under various electrical
conditions, | Seeds of peas, which had been soaked 24 hours and
then placed under a bell jar with controlled temperatures, were
treated with a low voltage direct current of from 1,0 x 10-6
to 1,0 x 10~4 emperes, No measurable effect on the formation
of carbon dioxide. was obtalned. Since the resistance of the
ypeas was conzlderably greater than that of Water;. they cone

cluded that most of the current must have traversed the water
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films rather than the peas, In further trials with peas,
Brugsels sprouts, wheat and rye, high tension currents of 3.0 x
10~6 amperes were used for germinating seeds and of 1,0 x 10-6
armperes for seedlings., No increases in respiration for the
treatments ecould be detected,

In an attempbed explanation of the effeet of electric
current upon plant processes Marinesco (30) states, in sub-
stance, that the application of an electromotive foree to the
ends of a bundle of capillary tubes plunged into an electro-
1ytic solution induces a displacement of liquid through all
the tubes, Conversely, an lonlc solution forced through the
tubes produces at thelr ends an electromotive force, These
phenomena, perfectly reversible, have been called the electri-
fication of contact. According to Solly (42) this relation-
ship of physical forces was observed as early as 1745 by Bosze,
professor of physies at Wittemberg, and verified by Nollet
in 1746, Marinesco (30,31) compares the ligneous vessels of
plants to the above mentioned caplillaries, He states thab
in plants the descending flow of sap is much inferior to the
ascending, as the latter includes transpiration, and the
relative difference in electromotive force may be measured by
the potentiometer, He calls this difference "The potential of
filtration,” Various planta; including the geranium, were
tested by placing two platinmum polnts, oﬁe in the root and one
in the stem, two centimeters sbove the soil and a difference

of potential was observed of sometimes more than 0.4 volt,
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The roots were always positive to the stem, He concludes that
this difference of potentlsal may be used as a measure of the
comparative rate of upward flow of the sap and that, conversely,
an applled difference of potential should affect sap flow,

In the article of July 11, 1932 Marinesco (32) describes
the followlng experiment. Metal plates were placed, plate A
above the top and plate B below the roots of a potted geranium,
and connected to a battery and rheostat, Plabtinum points conw
nected to a potentiometer were inserted in the stem and root
as described above, The effect of varying degrees of charge
uanAthe metal plates was observed by means of the potentiometer
readings and recorded as the potentlal of filtration, When the
difference of potential between the two plates was zsro the
potentiel of filtration, designated "The Pf", equalled 010
volt, As the-electrie field between plates A and B was intensi-
fied the Pf increased, becoming 20,0 x ,010 volts at a charge
of 70 volts per square centimeter, When plate A was charged
negatively in'relation to B-cqnditions were reversed, A
negative charge of five volts,resulted in a potentiometer read-
ing of zero and was therefors assumed to stop the flow of sap.
A stronger negative charge resulted in a negative Pf and on
the same basis was assumed to have caused g reversal of the
normal relation between.the upward and the downward movement
of the pl&nt fluids. | '

Gelfan (11) in California, studied the electrical conw-
ductivity of the protoplasm of the plant Nitella., Using very
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small electrode polints, which could be lnserted in a single
plant cell without killing it, he applied current from a dry
cell, This current, which was asgsumed to be very small bew
cauge of the resistance of the small points, had no observable
effect upon the protoplasme With larger electrodes and stronger
currents, the protoplasmic streamlng stopped when the circult
was closed but when the current was shut off, the streaming
resumed In epproximstely two minutes, He observed that the
cessation of streaming appeared to be due to a thickening of

the protoplasm and that the mere insertlon of the electrodes

was apt to cause it., With the use of still stronger currents
streaming was not resumed. In this study the conductivity of
the protoplasm and of the vacuclar cell sap apreared to be
equivalent to that of a 0.04 normal and a 0,07 normal EC1 soluw-
tion, respectively.

Plowman (36), at Harvard University; as the result of
studies of the electromotive force in plants, concluded that
the spreading of an slectric current to all parts of a leaf
threugh which it is flowing, snd the distribution of the reac-
tlon current which follows, 1s preclsely analogous to similar
phenomene iIn non-living bodies., He passed three volts for
one second through a roll of filter paper saturated with 501um=
tlons of various salts and noted the reaction current with a
galvenometer, In each case results were very similar to those

obtained with vérious plants, He found, also, that the plants
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might be reduced temporarily.

BEffect of Electrlc Current Upon Soil Micro-organisms

The direct relationship between. the producing power of
the goil and the numbers and activity of soil bacteria is a
metter of recoﬁd. Waksman (45) observed witﬁ soll samples
taken from field plots that had been subjected for many yesrs
to various fertllizer treatments and cropping systems that
the mumber of soll micro orgenisms ran nearly parallel to the
productive ability of the particular type of soil, Brown (6)
made an extensive series of laboratory tests with field soils
to determine the relation between productive abllity and the
bacterial activity within the soil, The results obtalned
"permit of the tentative conclusion thet bacterisl activities
involved in the transdrmabion of nitrogencus Organic naterisl
in the soll bear a very close relationship to the actual crop
yields secured on the same soils,”

The possible effect of electric current upon bacterial -
organisms was Ilnvestigated by Wollny (48)-and Stone (44),
Wollny, in his expériments with érable soil, placed the samples
inT shaped stoppered glass tubes equipped with copper plate
¢lectrodes in such a manner that an electrode pressed upon the
surface of the soil in each arm of the tube, Insulated wires
led from the electrodes to the source of the electric current.

Each tube had suiltable outlets so that the accumlated carbon
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dioxide could be withdrawn and the amounts determined, Controls
were mads in the same maymer bubt without the electrodes, Treat-
ments were continued without Interruptlon for eight days anﬁ
determinations wmade at 24 hour intervels., In one test the |
samples were made up of 80 grams of water and 250 grems of soil,
The gﬁg;lts expressed as dally averages in volumes of carbonlc
acidlinvlooo grams of soil air were as follows: control, 15,54
volumes; Induction current from 2 Meldinger cells, 15,60
volumes; current direct from 2 cells, 14,36 volumes; from one
cell, 15,89 volumes. In another best 5O grams of water were
added to egch 250 gram sample of seill and much stronger currents
uged, Treatments and results were as follows: controls, 12,45
volumess inductlon current from 5 cells, 11,32 volumes; current
direct from 5 cells, 11,88 volumes, Wollny concluded that the
effect of electric current upon the soil; as measured by the
‘production of carbon dioxide; was noﬁ'beneficial.

Stone in his experiments on»ﬁhe influence of electricity
on bacteria in-solls used wooden bdxes 8x8x8 inches, ingide
measurements, filled with & fairly good loam soil. "In the
box electrically treated were placed copper and zine électrodes,,
cach being 8x8 inches In size, and to these were soldefed-cop;
per wiﬁes which were connected, thus forming with the soil a
galvanic cell which furnishes a small current approximating
the optimum," Stone, in his tesbs with bacterla in conteminated

water, hed previously determined this optimum strength to be .
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abont 0,1 milliamperes. "The percentage of water in the soil
in each box was accurately determined at the beglnning of the
experiment, end this same peréantage malinbained throughout by
adding sterilized distilkzd water, The cultures were plated
in agar-agar and the usual dilubion methéds followed, Soil in
the boxes waé-not stirred and the surface became more or less
compacted by constant watering." Twé»tests were conducted, exw
periment No, 1 from July 13 to August 11 and expérimﬁnt”ﬁe, 2
from.September‘lé‘to 0ctober 16. Invthevfirst experiment the
bacterial count per gram of seil for the control was 33,470,000
and for the treated goil 37,930,000; two weeks later 28,777,000
and 52,863,0005 and ab the end of the best the count for the
control was 19,294,000 and for the treated soil 35,000,000,
In the second experiment the bactarial‘count ot the beginhing
for the control was 38,047,000 and Tor the treatment 37;670,000;'
at the'endtof the test a month later the counts were 18,720;000
and 26,384,000, rospectively,

In & second series of experiments Stone used the same
soil-filled boxes but tregbed one'hy running 12 wires Into the
s0il from a metal bulb which was given 100 sparks from a
Tgpler—ﬁoltz machine once a week, In these tests the soll was
frequently stirred and the first bacterisl counts were made with
samples of soll taken & few days after electrical treatment,
Bacterial counts for the control and for the treatment were a8

follows: dJuly 21 control 1,097,000 per grem, treatment
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4,506;000; July 31 control 960;000, treatment 15,208,000;
hugust 7 control 1,960,000, treatment 27,756,000,

In tests with sewerage contaminated water and with milk,
Stone found that a very weak current of about 0.1 to 0.3
milliamperes Inereased the bacterial counts over the controls
as mach as 10 to 20 times with the water, and with the milk
ag mich as 40 to 60 times, With the milk the above inecreases
were obtained by treatments of but 24 to 27 hours., In all
ceses the bacterial mumbers giveﬁ in this and in the preceding
paragraphs were averages of counts mede on three or four

plgtese
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TURPOSE OF THE INVESTIGATION

General Statement

A study.of previous investigatlons indicates that the
problem of the possible effects of electric current upon
plant growth may be divided into the following phases:

(1) the determination of the relationship between electric
currents and plant growth; (2) the smount of current for
greatest sﬁimulus,_assuming that a stimulating effect exists;
(3) the character of plant response and the underlying
cauges; and (4) the most effective method of applying treatw
ment, Methods of treatment previocusly studied may be grouped
as followss (1) application to the root sreas by means of
underground wires or by plate electrodes; and (2) spplica=
tion to the atmosphere and to the planbs themselves by means
of overhead network,

In spite of a very considerable body of evidence to
the effect that electric currents do gtimlabe the growth
of plants there ig still a real doubtAin the minds of many
a8 to the reliability of such results, This scepticism is
baged partly on the fact that a muber of investigators
have failed to obtaln significantly increased ylelds with

the treatments, and partly on the lack of definite evidence
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concerning the cherscter of plant response and the underly-
ing causes., Also, 1t is believed that at least one of the
methods used, le8., that of applying electiric current by
means of the overhead network, is so expensive and incon-
venlent as to be without practical value,

The universal exlstence of electrieal phenomens in
nature has led a mumber of scientists and laymen to believe
that such phenomena may have a significant role in connection
with plant growth, and that an understanding of thils role,
1f one exists, might well ald in the interpretatlion of some
of the facts of plant behavior, Because of the apparent im.
portance of such & possibility, and because of the lack of
agreement which exists with respect %o the interpretation
of results obtalned In pagt experiments, it has been deemed
desirable to conduet further trials, The methods used and
the results obtained in field and laboratory at Iowa State

College will be presented in the following pages.

Problems Investigated

In outlining the present experiments it seemed logical
to use electric currents similar in inkensity and amount to
those existing in nature during moderate weather, and to
apply them by the simplest method which, in past trilals, had

given reasongble promise of being effective, Such conditions,
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l.e., weak continuous currenﬁs and slmpliclity, seemed hest
fulfilled by those methods which apply electric charges to
the root areas, It was decided, therefore, to study the
effect on plant growth of slight electrle currents applied
to the root arsas by means of underground wires and by plate
electrodes, This plan of using slight currents was followed
throughout with the single exception of a limited greenhouse
studyvof the effect of high ﬁoltages on oats, Regults ob-
tained were to be measured in the form of plant yields and
analyses., As the experiment progressed, it appeared de-
sirable to investigate the effect of electric current upon
the activity of soil érganisms,«and this phase ﬁas studied in
éome detall, The following experimental trials and data
obtained are gubmitted as a eontribuﬁion t0 a more complete
understanding of the relationship betweeﬁ the plant and its

environment,



-391&

EXPERIMENTAL

Utilization of Atmospheric Electricity

Hethods

The experiment utlilizing atmospheric electricity was

conducted at the Agronomy Farm for three years, 1930-32,
A level area approximately 150 by 165 feet in dimensions;
of apparently falrly uniform soll wes used as a test plob,
The fleld had been in corn in 1929, In late April, 1930;
after the corn stubs and o£her trash had been removed énd
the ground plowed, the underground wiring was installed end

thé collector heads were set up. Seven strand, No, 22 cope
| per radio cable was laid entirely across the plot in a
direction parallel to the magnetle axis of the earth and
approximstely 12 inﬂhas below the surfece, TFour lines were
laid 30 feet apart, one for each of four treatments, end
three lines four feetvapart for ﬁhe fifth treatment, The
wire laying was accomplished by opening s furrow with a
common moldboard plow, returning in the same furrow with the
plow, end then scooping out the loose dirt with a shovel to
& depth of elght inches., A wlre leylng device developed
by C, Vincent of Cmaha was attached to the middle shovel of
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a one horse garden cultivator and the cable lald to a depth
of four inches in the bottom of the open furrows, These fur-
rows were then refilled so that the ground was once rore
level, Similer fuwrrows withoubt cables were opened and rée
fiiled at points midway between each of the wire lines to
insure the seme degree of tillage in the controls as in the
treated plots.

On the basis of the cable arrangement described above,
the experimental fleld was divided into five treated plots
extending north and south, each 12 feet in width and placed
so that one of theAburied copper cables exbtended exactly
beneath its middle., Six control plots of like width were
located, one between each two of the treatmenis and one out-
side of esach of the two outer treatments., The 11 experi-
mental areas were separated by border plots three feet wide,

The apparatus used for collecting the charge from the
atmosphere conslisted of one original Christofleaun (7) apparatus
and four variations, three of the Vincent type and one of our
o&n. These were essentially brushes of wires on an iron
gtandard, the brushes containing from 18 to 27 wiress The
wires varied in length from approximately siz inches to 18
inches and were so arranged on the sbandard that the tops of
the wires were about even, The dlemeters of the brushes |
varied from elght to fourteen inches, Our design was slightly

dif ferent, consisting of siz brass bars 18 inches long,
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radiating from a central plabe and carrying several copper
wires projecting upward, The three types of brushes used are
1llustrated in Figure 1. All heads were mounted 20 feeb
ghove ﬁbe ground surface on 4"x4" timbers bolted to posts
get solidly in the ground, EBach head and its conmecting
wire was insulated from the supporting timber and attached
to the south end of one of the undgrgfound cables, The poles
carrying the collector heads were srected along ﬁhehsouthl
side of the plot about two feet inside a woven wire fence,
There were sevefal tall soft maples within 160 feet of the
elevated bruéhes but et this distance it was thought that
they would not materially affect the results. A cinder road
ven along the south side of the plots

In order to measure at various times the charges col-
lected by the different heads & set of lead wires mounted on
insulators were set up along the line of supporting poles
and connected through a series of switches to one plate of
a high grade mica condenser, the other plate being connected
to the ground wires., A high senslitivity leeds and Northrup
ballistic galvanomeber was used to measure the charges cole
lected, Another Leeds and Northrup type R high senéitivity
galvanometer was Installed to measuwre the current directly
when ﬁhe’charges were large enough to produce appreciable
deflections, The measuring instruments were housed in a

small sheet-iren building,



Figure 1,
electricity at the Agronomy Farm, 1930, '31; '32.
of Type A were used, and one each of the others,
Type A -~ from C, Vincent, Omaha.,
B ~ from L, W, Butler, Towa State College.
C -~ from Justin Christofleau, La Queue les Yvelines, France.

Types of brushes used in the experiment with atmospheric
Three brushes

t
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Crops included throughout the three-yoar test period
were corn, soybeans, gerden beebts, string beans, Swiss
chard, and turnips., Tor the corn z single eross hybrid wasg
used so that the variation between individual plants might
be reduced to a wminimum,

These crops were planted in rows threes feet four inches
apart at right angles to the direction of the underground
wires 80 that each crop exbtended east and west across the
entire series of 11 experimental plets, Each replication,
of which there were at least three, included four rows of
corn and four of soybeans in block, and one row each of the
other crops. Three or four border rows of soybeans were
planted across the south and north ends of the plot, The
arrangement of the experiment ls illustrated by figures 2
and 34

Preliminary germination tests were run each year with
all crop seed. All planting was dome with a Columbia drill;
except the corn, which was dropped by hand two kernels in a
place, 12 inches apart, and later thinned to one plant in a
place, The plot was cultlivated with ordinary horse-drawn
cultiﬁators which were turned beyond the margin of the exe
perimental plots. Weeds mlgsed by the cultivator were re-

moved by hand,
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Figure 2. Utilization of atmespheric electricity for creps,
31, ®32, Soubh view of experimental

Agronomy Farm, 1830,
fleld showing the five elevated brushkes and instrument house,

uvvu’



Utilization of atmospheric electricity for crovs,
1930, looking west across the experimental plots.

Figoure 3,

Agronomy Farm,

Left to right - soybeans, beets, chard, turnips, strong beans,
Rows extend across the underground wires.

corn,

o 91'7:-
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Seasonal soil and climatlc conditions

For several years prior to the beginning of the test
the part of the field on which the experimental plots were
located had received no manure, had grown no legumes, and
most of the ecrop regidues haed been removed,}consequently the
s0il wag rather deficient in organle matter, In 1930 the
last raln of any considerable quantity occurred on July 4
s¢ that by the middle of the month the ground had become dry
and very hard, The summer was quite hot, the temperature on
several days reaching 28° or higher during the afternoons,
and all crops suffered severely, Cbrn ears did not f1ll well
on account of unfavorable weather during the pollination
period, The crops were somewhat damaged by grasshoppers
but polson bran mash was spread twice and the hoppers finally
controlled, Yields of beets and chard were not taken in 1930
because of irregular sband dus to early cubtworm damage,
Prior to the 1931 plantings the plot had been menmured
and fall plowed so that the seedbed was in excellent condition,
The weathef”was dry end hot through midsummer but the Crops camse
through in fair condition and yields were obtained on all,
In 1932 the season, with its fairly abundant reinfall, was
generally favorable to all ecrops eécept the garden beans,

The besns became s0 diseased that this crop was not hervested,
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Presentation and discussion;gg results

In 1950; from June 25 to July 10, the currents were upe
ward, that is, the ground was gaining negatlve charge, and
were of the order of 5.0 x 10~ ampere, This is about one
bundred times the average falr weather current as given ?y
Wilson (47) but, as points were used here as dischargers,
larger currents were to be expected, During the interval from
July 11 to September 6, after éhich time the readings were
disconbtinued, the currents were generally downward, and smaller,
being of the order of 5.0 x 10~10 ampere, Through midsuumer
a few sprinkles of rain occurred, these being so extremely .
light as but momentarily to dim the brilliasnce of the sun.

At éuch.timﬁs large Increases of current were noted, and |
the directlon of the cuwrrent, in contrast to that prevalling
lmmediately before and after the disturbance, was upward,

In 1931 the veluse of the currents measured during fair
weathér was about the same as obtained ln 1930, or of the
order of magnitude of 85,0 x 10~10 ampere. There was more
variation of direetion than in the preceding season so thab
it was difficult to arrive at any definite conclusion as to
the general directlon of current In falr weather, Although
the summer was very dry, several showers occurred and at such
times the currents varled greatly, both in direction and

megnitude. In one case, for example, the current varied from
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5.0 x 10“9 ampere downward through Zero to 100,0 x 10‘9 ampere
. upward, then back ﬁhrcugh zero o 200.0 x 109 ampere down-
ward, and back to zero at the close of the observations,

Up to dJune 21, 1932, when the current readings for the
season were started, there had bsen a great deal of rain,
and the rainy weather contimied wntil July 10, During this
time the current was much larger than in either of the previous
years, being of the order of 3,0 x 10~ amperes, The weather
from July 11 to 31 was generally hot and dry with an occasional
light shower, _Throﬁgh this period the current was of about
2,0 = 109 ampere and, contrary to the results obtained in
1950,.the direction was generally upward. The first half of
Migust, eébecially Mugust 8 to 17, was characterized by cloudy
weather with frequent thunder showers, The currents duriﬁg
this time varisd From 5,0 x 10f9‘ampere upward to 55.0 x 10~9
ampere downward. The latter half of the month was mostly
clesr with durrents of about 1,0 z 10~9 aumpere upwerd, snd
similar conditions prevelled until September 15 when the read-
ings were discontinued,

Galvanoﬁeter readings were btaken for each collector head,
but the variations in the amounts of current for the indi-
vidual heads were small, The variations between individuael
colleétors of the Vincent type were often greater thgn those
measured for the different types and the amount of charge cole
lected was therefore considered to be Independent of the kind

of collector used,
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An attempt to measure the current through the ground
wire by tapping in at junction boxes placéd 50 and 100 feet
from one of the collectors proved useless. The currents
measured here were many bimes those obtained at the base of
the collector post. The condition of the ground was such
that the electromotive force generated bebtween polnts ab
oppoglte sideg of a box was great enough to mask any effect
due to the collectors which might concelvably be present at
the above diglances,

Each year observations were made comparing treabtments
and controls with reference to (1) rate of emergence of crop
plants above.ground, (2) vigor and rapidity of growth, and
(3) time of maturity., At least once each season, shortly
before the blossomling period and while the plants were in
the full vigor of growth, measurements of height were obtained
for the corn, soybeans, and string beans. At no time during
the growth of‘thé erops could appreciable differences of any
kind be noted.

In order to obtain ylelds on the basls of a fairly unie
form molsture content the ear corn, soybean plants, and
string bean plants were reduced to & uniform alr dry basise
At the time the final weights were teken the shelled corn had
an average molsbture content In 1931 of 9,0 per cent and in
1932 of 9.5 per cent, with variations elther way of not more

than 0.5 per cent,
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Yields of the chard were taken on the basis of the
green welght of the tops, and of the turnips and garden
beets on the basis of the root weightas,

Yields of the crops included in thisg experiment are
presented in Tables I to VII, inclusive, The plot yields
ave listed in the same order as the fleld arrangement, pro-
gressively from west to eastse In & glven range each treated
plot was sltuated just east of the corresponding control.

The ranges .correspond to replications end were rmmbered
congecutively from south to north; range Noe 1 being nearest
the collectors. Yields from treated plots connscted to the
Vincent type collector heads are indlcated by "A", those to
the Butler type head by "B", and those to the Christoflesm
type head by "C",

An examination of these dats showg that in most ine
sbances the average yields for the plants in the treated
plots were slightly larger than for the controls, The largest
differences were obtalned with the chard and the beets, the
increases averaging epproximately seven per cent and nine per
cént, respectively, However, a deballed study discloses
that the variations in the individusl ploﬁ vields were 1&rge;
congsequently small differences in average yields would not
be significant. Probaebly because of the nature of the erops;
the yilelds of the chard and of the beets were extremely var~
iable, in some cases the fluctuations between contiguous

plots being more than 50 per cent, hence average inereases



TABLE I,

Effect:

of earth-air electric currents, intensified by means
of elevated collector brushes, on ylelds of corn - dry shelled basis.

a3

-

Range No, 1

Range No, 2

Range No, 3

40

Range No, 4

o0 %0 e o0}

"

|

‘oo 8 9 ¢ o

4% 09 se 4o

Control : Treated : Control : Treated Control : Treated Control Treated
Yeapr @ Lbs H Lbg 3 Lbs : Lbs Lbs :  Ibs Lbs : Lbs
1950 5,56 A 7,19 7.00 A 8,00 7 50 A 5,69 * A 4,007
6el3 C 4.31 7,00 C 5,81 5450 C Be44 7425 C 7.81
5038 B 2.87% 4413 B 4.44 8419 B 7,56 - BelB B 7.00
4,00 A 4,31 3.69 A 4,75 Qa44 A 7,69 8.38 AlO,00
378 A 3,581 3,31 A 4,13 575 A 5,00 9,00 A 5.,87%
1444% L.d3% 5,19 3.13%
Av, 4496 4,78 54,03 543 6,93 7.08 8.20 8,27
Diff, favow ‘ C '
treatment 0,18 0,40 0,15 0,07
1931 156,086 AlB .56 15,38 A15,.00 19% A 8,25%
12,31 016 .87 13.44 G15,.25 1:5.25* Cll,.31%
14,69 Bl4.69 15,00 Bl4.,94 13,06% Bl5.81
11.87 Al3,81 18,25 Al6,06 15,94 AlG.75
14,06 AlS .81 16,44 Al7,25 164,31 Al7.00
15.08 ' 17 .25 15.00
Av, 13.84 15,36 15,986 15,70 15,75 16452
birf, favor : ) '
troatment 1.51 -0.26 0677
1932%% Q.12 A 8.12 Ted3 A 737 8,85 A 7,12
7 256 C 8.25 8,06 G 8.12 65,81 C 6,93
8,87 B 8,37 7«25 B 7.69 B437. B 8,93
B.69 & 7,785 0,00 A 8,351 8,00 A 8.45
7 3% A 8,31 11,00 A 7,06 - 8,25 A 9,87
9.69 ’ 8019 6.95
8.55 ' ‘Byl6. . Bs49. 7eTL T 8426

niff favar.
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1930 . £5.58 A 7,19 7.00 A 8,00 . 7«50 A 6,69 # A 4,007
6413 C 4.31 7.00 C 5,81 550 C B.44 7 e2H C 7481
5438 B 2.87% 4,13 B 4.44 8,19 B 7.56 8,16 | B 7,00
4,00 A 4,3% 3.69 A 4,75 Q.44 A 7469 3:38 AlO,00
S475B A 3,51 3431 A 4,13 5475 A 5400 9,00 A 5,.,87%
l.44% 1.13% 5.19 3el3™ ]
Avw, - 4,96 4,78 5,03 543 6 .93 7 .08 Be20 Se27
Diff, favor '
treatment -0418 ) Q40 0156 007
1931 15.06 Al5,56 15,38 A15,00 5419% A 8425%
12,31 Cl5..87 135,44 Clb.,25 15;85? Cll,.31%
14.69 Bl4.69 T 15,00 Bl4 .94 13,068™ Bl5.81
11,87 A13,81 18.25 Al6.06 1594 AlB .75
14,06 A15,.81 16,44 Al7 .25 16431 Al7.00.
15006 . 17025 15000
Ave 13.84 15,35 15,98 15,70 15,75 164.52
Diff. faver . o ‘
treatment 1051 : . "0'26 0.7‘?
1o3o%% Qel2 A 8,12 7e43 A 7,37 8,85 A 7Ll
7256 C 8.20 8,08 - C 8,12 5,81 C 6.93
8.8Y B 8,37 725 B 7,69 8437 B 8495
B8.69 A 7,75 2,00 A 8,31 8,00 A 8,43
7 .57 A 8.381 11,00 A T7.06 8,25 A $,897
.69 8,19 6 .93
e Bed® B S & R T$TT 7 8486::‘ i
; =078 0a49

s Wot included because yields were affected by conditions other than those of the
experiment. : .

@3 Ylelds Tor this year are of the two middle rows onlye

- BAM indicates elds from plots connected to Vincent type collector heads,
fiote - “éﬁ tg thg Butgér tyve haag, end 70" t0 the Christoflesu type head., Ranges
correspond to replidétionsﬁ'tha range nearest to the collector heads being

designated as "Range Yo, 17,



e



TABLE IIe.

of elevated
and roots.

Effect of earthe~alr electric currents, intensified by means

collector brushes, on ylelds of soybeans -~ dry weight tops

Range No, 1

Range No, 3

Range No. 4

oo et se ‘asf

e o2 o»

»
-
5
-

0 am 43 s ¥

~{ne au 89 oo o

Contrel : Treated : Control Tregted Contirol ¢ Treated Control ¢ Treated
Yoar Lbs g Lbs : Lbs H Lbs Lbs 2 Lbs Lbs H Lbs
1930 7420 A 6.80 6,50 A 6,50 5,30 A 8,30
700 C 8.90 7 30 C 6,10 6,00 C 6.80
6 30 B 6400 8,10 B G.50 5.50 B 6,00
7 40 A 8,00 6,00 A 6.20 6,20 A 8.50
790 A 8,50 T 6.00 A 8,10 7 ¢ 20 A 7,40
750 6,30 7 .00
i  §
AV. 7.21 ‘7.24 6037 6068 6.51 6060 o
Diff. favor : o )
btreastment 0,03 0.31 0,29 '
1931%% 6.56 A 6,81 8.81 A 7,06 Gedd A 6,44 5.88% A 3,947
Celd G 8,08 B8.81 G 787 G 6D C 806 5,31 G 6.44*
6,19 B 5.94 6 .69 B 7,25 Tel9 B 7.285 5.81 B 6,94
5450 A 5.28 7al9 A 6,63 8.19 A 7,19 6,81 A 7,25
6 .06 A 8,08 7el3 A B8.87 8.19 A 8,69 7«31 A 8.38B
7.06 7‘25 9.06 9900
AV, 6.25 642 65,98 7eld 762 7«53 748 - 752
Diff, favor '
treatment 0017 Ool6 ‘0009 0.04
1932 %% 12,12 Al2 .87 13,19 Al13.50 15.19 Al15 .56 10.08 AlR2.75
13.12 Cl2,50 13,44 0l3.,12 13.87 Cl1l3.81 14 .44 Cl3.37
12.56 Bl4.69 13537 B12.93 13,81 T Blé .44 13.50 B13.,75
14.62 Al5,06 12,3% Al3.00 14,89 CAL3,.8% 13.50 Al3,69
14.50 Al4 .58 14 .87 Al4 .56 12.87 Al3,25 14,756 A15,00
14.75 15,75 ' 13,12 15,69
Av, 13.61 13,94 13.8 13, 13,k 13, 13 .66 '
Difr. favor | 3 13.42 135,59 13,72 13 .66 13,71
v kpegtment 0433 «0,41 0,20 0,05






195U 7420 A 6.80 8,50 A 6,50 5,30 A 6,30
7 .00 € 6,90 7.+ 30 C 6510 6,00 C 6.80
8..30 B 6,00 6010 B 6,50 5.60 B 6,00
7 « 40 A 8,00 6400 A 8420 G oS0 A 6,50
7«90 A 8,50 6,00 A 8,10 7«20 A 7,40
N 7450 6430 | 7.00
: ' 1
AV Te2l 724 BeB7 6.68 6.31 6 .60 on
Diff, f£avor ' b
treatment 0,03 _ 0.31 0.29 '
1931%%  6.56 A 6.81 6.81 A 7,06 6.44 A 6,44 3.58% A 3,04
613 C B,06 681 C 7.87 G .63 C 8.086 5,31 C 6,447
65,10 B 5.94 6469 B 7.285 719 B 7.25 6,81 B 6,94
5,50 A 5,25 719 A G .88 8019 A TJlO 65,81 A 7,25
6.08 A 6,086 7013 A 6,87 8.19 A 8,69 7 a3l A 8,38
| 7406 7.25 | 9.06 9,00
Av. 6.25 6442 6,98 .14 762 7«53 7 o 48 7 .52
Dife, favor '
treament 001’7 0.16 ) “0.0g 0.04
1052%% 12,12 A12.87 13,19 “Al3.50 - 13,19 A13 .56 10,08 AlZ2.75
13.12 012,50 13,44 Cl3.12 13,87 Cl13.81 14,44 Cl3.3%
12.56 Bl14,.,89 13.3% B12.93 13.81 "Bl .44 15.50 Bi13.75
14.82 Al5,.,06 12.37 Al3.00 . 14.69 Al3.87 13,50 Al3 .69
14.50 A14,58 14,87 Al4,.56 i2.87 Al3,25 14,75 Al5.00
14,95 15.75 13.12 15469
A¥, - 13.81 13,94 13.83 13.42 13,59 13.79 13.66 13.71
Diffr, favor - _ .
Ereatment 0:85 o4l 020 0.05
- % Not included.
%% Ylelds for this year are of the two mliddle rows only.
Note -~ "A" indicates yield from plats connected to Vincent bype collector heads,
¥BY to the Butler type head, and "C" to the Christoeflsau type head, Ranges

correaspond to replications, the range nearest to the collector hweads being

designated as "Range No., 1,"






wHE -

TABIE III. ZEffect of earthealr electrlc currents,
intensified by means of elevated collector brushes,
on ylelds of string beans - dry welght tops and roots,

; Range No, 1 ;. Range No, 2 ; Range th 3
; Control ; Treated ; Control,; Treated ; Control ; Treated

Yoar @ Ibs : Lbs :  Lbs : Lhs : Lba 3 Lbs

1930 0,98 & 1,12 1,22 A4 1,23 1,11 4 1.11
0,95 g 1.0% 1,85 C 1,26 - 1,06 C 1,14
1,01 B 0,96 1.19 B 1,18 1,06 B 1,14
0,98 A 0,96 1.08 A 1,08 1.16 A 1,18
1.06 A 1,18 1.13 A 1,13 1,20, 4 1.16
1.18 ' 1,03 0,73™

Av. 1.03 1,05 1,15 1,17 1,12 1.15

Diff. favor ‘ '

treatment ; 0,02 ‘ 0,02 0903

1931 1.87 A 2,00 1.75 A 1,94 1.31 A 1,75
1.81 ¢ 2,13 1.94 G l;@é. 1.81 ¢ 1,94
l.44 - B 2,00 1.94 B 1.65 1.9% B 1.69
2.00 A 1,94 1.75 A 1,44 1.81 A 1,86
2.00 A 1,94 1.65 A 1,94 1,63 A 1,81
1.87 1.81 1.94

Av, 1.84 2,00 1.81 1.63 1,75 1.81

Diff, favor

treatment 0.16 ' «0,18 0,08

* Not included,

Note - On account of poor stand and diseasse the crop of 1932
was not harvested, "A" indicates yields from plots
connected to Vincent type collector heads, "B" to
the Bubler type head, and "C" to the Christofleau type
head, Ranges correspond to repllcstions, the range
nearest to the collector heads being designated as
"Range No. 1."



TAPIE IV,

u54-

Effect of earth-alr electric currents,
intensified by means
on yields of turnips

of elevated collector brushes,

- fresh weight of roots,

&% sy

: Range No, 1 Range No, 2° ¢ Range Ho, 3
¢+ Control ! Treated @ Control : Treated : Control : Treated
Year @ Ibs :  Lbs + Lbs :  Lbhs +  Ibs s Lbs
1930 - A15,08 13.13 A13,19 10,72 A10,85
0469 C10,76 13,00 Cll,25 2,78 (10,78 -
11.81 BiZ2,00 J.16 B 9,44 11,53 Bl0.53
1257 A14,31 838 A 7,59 13,69 Al3434
9078 A 8903" 8.28 A bt % 9975 A bl -
3e51% : - - ® _
Diff, favor , :
treatment 2407 ~-0,02 0420
1931 10,65 A 9.69 10,19  A14,06 8,13%  A12,31%
: 9,87 Cl2.87 13,50 014,94 13,38 14,25
13,44 B13.50 15,38 Bl4.81 15,06 Bl3.63
14,50  Al3,19 15.38 A11,81 15.13 A18.,25
i7.31  A16,31 13.44 412,94 15,25 A15,06
16.44 12,94 : 15,44
Av. 13,70 13.11 13.47 13,71 14,85 15,30
Diff, favor ' '
treatment =0459 0,24 0.45
1932 13,80 A14,00 15,00 216,00 17,00 A13,80
12,60 £11.80 15,00 15,90 14,00 C17.75
15.00 B14,50 18,00 B1g,00 21,00 Bll+25
19.80 A22,.60 13,50 A15.50 16,00 A13.,60
19.00 Al16,00 13,00 416,80 14,50 A15,50
18,00 17,00 19,50
AVQ 16 035 15 078 15,25 16 058 17 000 14.052
Diff, favor -
treatment w( 57 1055 =268

% Wot included,

Wote - "&" indicates ylelds from plots commected to Vincent type
heads, "B" to the Butler type head, and "C" to the Christo-

fleau head,

Ranges correspond to replications, the range

nearest to the collector heads being designated as "Range

Noe 1,7



TABLE V, Effect of earth-air currents, intensified by

D5 .=

means of elevated collector brushes, on yields of Swiss
chard - green weights of tops.

: Range No, 1 ; Range No, 2 ; Range No, 3
; Control ; Tregted ; Control ; Treated ; Control ; Treated
Year ¢ ILbs ¢  Ibs : Lbs 2 Ibs :  Lbs : Lbhs
1951 18,75  A14,81 18,13  Al7.87 22,19  Al7.38
6,63. 015,56 12,44 015,56 24,75 £25,38
16.50 B18.69 751 B 9,%4 192,28 B24,75
15,38 Al6,78 12,13 Al5,25 26,75 ARB 44
24,38 AZB,44 20,13 Al4.63 2125 A25,50
21,00 _ 19,00 22,94 |
Av, 17,11 18,45 14.88 14,65 22,85 23,69
Diff. favor
treatment » 1.54 =021 0.84
1832 12,31 416,87 13.56 214,00 18,85 A15.62
18,62 C18.08 12,43 01R2.50 185198 C25.,56
15,37 B18.,31 15,37 Bl8,.50 23.00 BR7 .87
18,25 A13.58 16,12 A20,75 17.25 A22,00
21425 Al18.62 21,00 A19,.,12 24,50 423,19
16,12 15,00 18,62
Av, 16,99 17.88 15,58 16,57 19,97 22,85
Difrf, favor ’
treatment 0,89 0699 2.88

Note « the crop of 1930 was not harvested on accoumnt of poor

stand and the dry season,

"A" indicakes ylelds from plots

connected to Vincent type collector heads, "B" %o the
Butler type head, and "C" to the Christofleau type head,
Ranges correspond to replications, the range nearest to
the Collector heads being designated as "Range No, 1",



TABLE VI, Effect of earth-alr currents, intensifled by means
of elevated collector brushes, on yields of beets -~ fresh
weight of roots.

: Range No, 1 Range No, 2 Range Noe D

o5 e t5 o% &b
e 49 *s _ch B

¢ Control : Trested : Control : Treated : Control : Treated

Year : Lbs : Lbs Ths :  Lbs Lbs : Lha

1931 9,19 A 7,19 15,25 Al5.25 11,06 413,94
6408 013,19 13,81 C1l2.31 15,31 C17,.,19
14,81 B 9.63 9,06 B 8,94 14,31 B15,94
9,19 A10,06 7444 410,08 9,87 Al12,65
10,00 4 9,56 9,81 £16.87 12,13 A20,06
13,56 13044 13,58

Av, 10.55 9,93 11,47 12,69 12,71 15,95

Diff, favor '

treabment 0,62 1.22 5624

1932 0,19 A 7,06 5431 A 5,37 Ge44 A 7,31
712 C 5.00 3¢50 ¢ 7,00 7.086 C 8,00
6.44 B 9,31 5,31 B 7,25 7.00 B 4,50
12.12 A11,00 5,37 A 7,00 4,00 A 4,31
13,12 A 7,19 5601 A 7,12 9,00 A 8,00
225 5,31 6,00

Av, 8,37 7.91 5,02 6475 6,58 8,42

Diff, fevor o :

treatment (046 1.73 =016

Note - the erop of 1930 was not harvested on account of poor
- stend and the dry season, "A" indicates yilelds from
plots connected to Vincent type collector heads, "B %o
the Butler type head, and "C" to the Christofleau bype
head, Ranges correspond to repllications, the range
nearest to the collector heads being designsted as
"Range No, 1,"



TABLE VII, Summary of three years results - effect of Intensified
earth-alr electric currents on the ylelds of crops. _

3 Turnips : - Chgrd : Beets = 32 Corn O Soybeans 13tring beans

: Fresh wt. of Fregh wt.of:Fresh wbt.of :Shelled wt, at :Cured wt.btops & : Cured wt.

: Troots (Ibs) :Tops (3bs) :roots(Ibs) :approximately 10%: roots (Lbs) itops & roots

: s s 1uods bure (Lbs) = : (Lbsg)

:m:m:m: X $1930 $1931:1932 3 i

3t E RN

Av.of : : : : : _ , . . :
controls 10.80 13.96 16. 20 18.31 17. 51 11 58 6.86 6.22 15.07 B8.27 663 7o 05 13 67 1 10 1,79
Av,0of ' , :
Tr. 11,56 13,95 15,56 18,953 19,10 12.86 7,03 6.26 15,756 8.04 6.84 V.11»13¢71 1.12 1.86
Diff. .
favor v [3)
treat- o L I - o ' P
menbs 0e78 =001 =«0,64 0,62 1,89 1.28 0,37 0.04 0,68 «0.23 0.21 0,08 0,04 0.02 0,07
‘Percent
increase

over ckg. 7.03 —e mB3,F5 B6B9 Q408 11,08 5485 0,64 4,51 «2,78 3T.16 0,85 020 1.82 3,91

% Two middle rows onlye. Gorn‘and soys planted in 4-row plots, other cropg planted in
one row plots. : '
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mich larger than those obtained would be required in order
for the dlfferences to he deemed significant.

Considering the very low Intensitles of the average cur-
rents obbained, which were of the order of 3.0 x 10~9 ampere
or less, and recognizing the natural tendency of these cur-
rents to leak from the underground wires near the points where
the wires entered the soil, 1t seems obvious that the greatest
effect upon orop yields should occur in the range nearest |
the bases of the collector timbers, i.e., in range No. 1,
and that the effect should uniformly decrease in the ranges
progressively farther away. Analysis of the yearly averages
on this basis shows for the ylelds of the treated plots as
compared to those of the controls the following differences:
range No. 1, nine increases and six decreases; range Hoe 2,
nlne increases and six decreases; range No. 3, 12 increases
-and three detreases; end range No., 4, three inereases and
no decreases. These comparisons indicate that the effect of
the treatment upon ylelds was no greater in the ex@erimental.
areas nearest the source of the currents than in those
farther away. |

Since measurements of the intensities of current for
the individuel collector heads indicated that the varlations
in the intensities were independent of the Lype of collector
used, no abtempt was. mede o analyze the corresponding yield

daba.
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Application of Current to the Root Areas by

Means of Electrodssg

Beginning with the winter of 1931 experiments were cone
ducted in field and greenhouse to test the effect upon plant
growth of electric eurrent as applied to the root areas by
means of plate electrodes, The character of these tests may
be indicated in a preliminary way as follows:

(1) Greenhouse tests with oats using high voltage cur-
rents applied for short periods daily from germina-
tion to maburity.

(2} Greenhouse tests with oats using the slight contine
uous currents of the copper-zinc electrode combinge
tion supplemented in some cases by one or more dry
cells,

(3) Fleld tests with osts using the copper=zinc combina-
tion supplemented by batteries of dry cells provid-
ing relatively strong currents.

(4) Laboratory tests for the rate of evolution of
cerbon dloxide, using slight and moderate contin-

nous currents.

Greenhouse btest with oats using high voltage currents

For the various electrical experiments which were to be

run ih the greenhouse 15 large and 10 small cypress flats were
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uged, the large flats having inside dimensions 20 x 30 x 4
inches and the small flats 15 x 20 x 4 inches,

On Februsary 13, 1931, eight of the large flats were
planted to Logold oats; one kermsel in a place two inches apart
each way and one-half inch deep, 126 kernels per flat, The
soil used was field soll apparently rather high in organic
materlial,

A copper strlp, one and one-half Inches wide and 30
Inches long with s covered copper conducting wirve attached
at the middle by solder, was buried lengthwise down the middle
of each of six flats, ZKach strip was placgd on edge and shoved
down into the soll until completely buried, The remaining two
flats were reserved as controls. The current was provided by
means of five cell Edison batterieé with a potential of 1,2
volts per cell, This current was stepped up'by placing s Ford
induction colil in the cireuilt between the battery and the ine
sulated flat so that the flats which wers glven the maxlmum
treatment received a charge of from 14,000 to 20,000 volts,
Two Edison batteries were used in order that two flatszcould
be treated simultaneously, and the cireults were set up so
that one flat would receilve current of positive sign and the
other would receive current of negative sign. Treatment was
applled once dally in midafternoon, two flabs receiving ap-
proximgtely 7,000 volts from two cells for 10 minutes, two
Tlats recelving 10,000 volts from three cells for 15 minutes,
and two flats recelving.14,000 to 20,000 volts for 15 minutes,
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The delly treatments were begun on February 235 and contimed
until the grain was in the soft dough stage.

During the time current was belng applied bright sparks
one or two millimeters long could be drawn from the plants
by means of the fingertip or obther conductor. Accldenbtal cone
tact of the lesaves with those of another flat developed sparks
with resultant destruction of plant tissue at that point, In
order to prevent leakage of current from one flat to another
along the bench while treatment was being applied each flat
rested upon strips of copper which could bhe grounded, These
strips were Insulated from the wood of the bench by heavy
rubberized psper. During the process of treatment all flats
except the two actually receiving current wére protected from
stray currents by grounding the copper atrips.

Stands of 93 to 95 per cent were obtalned In &1l flats,
The plants appeared thrifty at all times and atteined a height
of approximately 4% feet at maturitys The method of supporh-
ing the plants in erect position and the general arrangement
of the eXperiment is shown in Figure 4, Because of the eXw
treme weight of the boxas.and the difficulty of keeping the
insulétion in placé the relative position of the flats was
changed but two or three times during the courge of the exper-
iment, Some protection wag provided at one end by a box
placed on edge and at the other by & flat of oats not in the

test. To prevent damsge by‘sparrows af'ter the grain had he-



Figure 4, High voltage experiment with oats, 1831; includes
six treated lots and two controls, Treated lots received
currents ag 7,000 to 20,000 volts for a 10 to 15 mimute
period daily, On this date, May 12, the controls are in
the second and sixth locations, counting from the near end,
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gun to £ill the flats were mpved to the middle of the house
end the heads covered with mosquito nettlng, Traat@ant wag
continued in this locabtion, Some smutbed plants appeared in
all flats and these were removed, dried, and the welghts ine
cluded in the total yields, For several days during the
latter paft of May, when the oats wore in the milk, tempera-
turcs of more than 100 degrees were recorded in the green-
house, consequently the grein was light and the ylelds obtalned
represent mostly the production of straw,

The oats were harvested by shearing at a helght of one
inch asbove the crowns. The product of each Pflat was placed
in 2 steam heated oven and reduced to a water free basis,

A study of the results shows that the yields of the |
treated lots varied both above and below the average of the
two controls, and that none yielded more than the higher cone
vtrol, While ‘the lots receiving currents of lesser intensi-
ties, i.e#,'?,OOO and 10,000 volts, showed consistent reduc-
tions in yields,; the fact that the lots receiving the greatest
Intensities, i.ee, 14,000 to 20,000 volts, yielded as much as
the controls indicates that the treatments were nob harmful,
The variations in ylelds corresponding to the positive or
negative slgn of the charge are greabter in no instance than
the difference between the ylelds of the two coﬁtrols@ The
obvious conclusion, that the small differences obtained are
far from significant, 1s supported bj a stétistical enalysis

of the variance.
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Table VIII, Effect of high voltage electric currents,
applied to the soil, on the yields of oats = greenhouse
experiment 1931,

:Dry weight:Yseld compared:Per
: grain @ to average :cent ine

- Treatment :and straw : of controls :crease
_ . {Lbs)} {Per cent)
7000 volts for 10 min.(neg, '
charge) 0.88 97,77 -2,23
it " " It ot (pOS.
. charge) 0,88 97,77 ~2.23
10,000 * " 15 " (neg,
_charge) 0,85 94,44 =5 457
n it 1 L e v
' charge) 0,89 ' 98.88 -1,12
15,000 * % " T (neg, |
charge) 0,90 100,00 0,00
n # u oo h‘JOS. : :
charge) 0.92 102,22 2.22
Gontrol ’ 0.88 97,71 =225
L ' 0,92 102,22 2.22

Average of controls 0,90 100,00 - —
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(resnhouse teat with oats using the copper-zine electrodes

conbination

In the late winter of 1931, as a prelimlinary test, one
of the large [lats was equipped with a copper-zinc electrode
comblination to form what shall be, for convenience, desig-
nated as an "earth cell”, The electrodes used were thin
strips two Inches wide and 20 inches long with g length ofﬁ
covered copper wire soldered to oné end of each, A strip of
copper and a gtrip of zinc were pressed into the soil at
opposite ends of the f£lat, the conper wlreg mounted on hard
rubber posts along one rim of the box, and joined by tubular
set screw conreotors. Such gn arrangemsnm formed with the
moist soll a galvanic cell which provided a small current of
approxlimately 0,5 milliampere with a potential of‘one_volt.
The amount of current varled somewhat during the test and
the varlation was in direct proportion to the amount of mois-
ture in the soil. This "earth cell", and a similar flat
which was to be used as the control, on March 18 were planted
each wilth 126 grains of Iogold oabts. The soil, with which
the flats were filled, was similar to that used in the high
valtage experiment,

From the tlme the plants were aboubt six inches in height
those in the treated flat were noticeably more vigorous and

taller than those of the control, The treated plants headed
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approximately two days labter than the others and the yield
ab maburlty wes 12,46 per cent larger than the yield of the
plants in the control flat,

¥hile the results obtalned from the preliminary sarth
cell test could not be considered conelusive on account of
the small mumber of comparisons, the method of treatment
appeared promlsing and 1t was deeided tQ'continne this type

of experiment on a more extensive scale,

Experivent in 1932, In‘Janﬁary 1932, two series of
experiments with the earth célls were started. For series
No. 1 a soil mixture of rather low fertility was used, Iwelve
of the lerge flats were filled‘tola depth of two and one~half
inches with a soil mixture compoged of four-fifths field soil
and one~fif'th sand. Seven of these flabs were equipped with
the copper-zinc electrodes in the manner deseribed in the
preliminary test, except that with two of the seven flats a
dry cell was included in the circuit, Measurements tsken with
a Weaton milliammeter indicated, at the beginnlng of the experi-
ment, currents in the ordinary earth cells of 1,0 to 1.5 milli-
amperes and in those supplemented with a dry cell of 2,0 to 2,5
millismperes, while during the most of the test period; e~
ginning with the time when the roots had apparently formed .
somevwhat of a mat, the currents indicated were of the order of
0,5 milliamperes and 1.5 milliamperes, respectively., A4 falrly

constant degree of current intensity was maintained by replac-
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ing the dry cells as often asIWaé-necessary. Five similax
flats without electrodes were iﬁeluded as controls.

Series No, 2 ineluded 10 small flats, inside dimensions
18 z 80 x 4 inches, of which five were %o be used as earth
cells and five as controls, These were £illed with two end
one-half inches of a comparatively rich soil mizbure composed
of one-third each of field soil, compost, and sand, In order
to test the possible effect of zlnc as dissélVed from the
zinc electrodes in the earth cells two of the controls and
two of the earth cells were treated with a solubtion of zine
sulfate at the rate of 50 pounds per acre, This treatment
was applied 15 days after the plants were up. To test.ﬁhe
possible effect of copper a copper strip was buried at one
end of each of two controls, Of the remaining four flaté, »
two were giVen no treatment whatsoever, It was thought that
the above described comparisons might provide leads for
further investigation. |

The seed oats used throughout were of the Iogold variety
and had been treated several months previously with Ceresan,
Series No, 1 was planted on Jamary 23 with 126 éeleeted.uni-
form grains per flat, two inches aﬁart sach way, and coversed
one~half inch deepe. The flats were placed, six on each side;
on the wide center bench of the greenhouse, aﬁd gupported on
a double wooden track of 1 x 6 inch strips set on edge in the

sand, In order that all lots might be subjected to fairly uni-
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form growing conditions, the series was rotated systematically
in a clockwise direction, all flats being moved two places to
the right once every seven days.

For the control of aphls the house was fumigated as neces-
gsary with Nicofume., At the time of the first fumigation,
when the plants were aboubt three inches in height, two of the
treated lots and one of the controls were burned somewhat by
the fumes so that the first leaves turned yellow to a dlstance
of one or two inches back from the leaftips and the growth
appeared to be slightly checked. These lots headed 24 to 30
hours later then the others but the ylelds were close to the
averagess

On February 18 all lots in Series Mo, 1 were reduced to
a uniform stand of 113 plants per flat, Toward the last of
lfarch the oats in this low fertllity series appeared to be
suffering from the low nubrient level and on ¥arch 31 were
fertilized at the rate of 100 pounds of NaNOz and 75 pounds
of KHpPO, per acre. The required smounts of these salts were
dissolved 1n 1200 cuble centimeters of dlstilled water and
applied with a fine sprinkler at the rate of 100 cc, of the
solution per flat, This breatment was repeated later, on
April 12 ab the rate of 50 pounds. of NaNOS and 7% pounds of
KHpPO, per acre, and on April 23 at the rate of 150 pounds of
NeNOz and 75 pounds of KHpPOy per acre., This final treatment

was applied four days after heading.
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The 10 flats of the high fertility series were planted
on February 6 with 54 graing per flast., The sbtand obbtained
was reduced to a uniform number of 50 planis per flate On
the richer soil of this series the plants grew rankly and
produced much straw with but little grain.

The house was visited at least twice daily, the tempera-
ture checked and the plants watersd sufficlently to keep them
growing well. It was possible to keep the temperabures be-
low 70 degress F. during the early part of the experiment,
After the plants were headed the sun beecame quite hot at times
go that it became necesgsary to provide partial shade by
spattering the foof of the house with lime. The arrangement
- of the experiment is shown in Figure 5.

The rate of germination, as observed on February 11
when the young plants were emerging from the soil, wés ap-

- proximately equal for mll lobts, Observations on the time of

heading April 19 failed to dlaclose consistent differences between

©preated and control plants.

For the study of the effect of electric current upon
”the'numberslof soil micro-organisms, semples of soil, each
about & pint In size, were faken from several of the treated
and control lots In Serles No., le A six-inch vertical slice
about one inch in width was cub from between the rows, taking
roots as well as soil. The composite lots were made up of

thres samples, one from sach end and one from the middle of
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Figure 5, ZEarth cell test with oats, 1932. Alternate flats are eguipped with
the copper-zinc electrode combination. Two lots have additional current sup-—

nlied by a dry cell,

The high fertility lots are at the far end of +the bench.
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the flat, Clean glags jars were used as containers, and
trowel and hands were cleansed after each sampling. In the
laboratory, samples 50 grams in size were thoroughly shaken
in distilled water and the usual dilution methods followed,
The final dilubions were plated in replications of five
upon the sodium albumingte ager culture made up according
to directions given by Pred and Waksman (10), Determing-
tions of molsbture conbent were made by reducing lots 100 grams
in size to oven dryness. |

In connection with this study an effort was made to de-
termine the pogssible effect of the zinc and copper elsctrodes
upon the numbers of organisms in the nearby soil areas, For
this purpose three separate samples were taken from some of
the treated lots, one each from near the zine and copper
electrodes and one from the middle'of'ﬁhe flat, The results
of the soll micro-organisms counts are shown in Table 1X,

The surmary of Table IX shows, for the treatments as
compared to the controls, increases In mmbers of soil micro=
organisms for the earth cells of from 14 to 45 per cent, and
for the earth cells supplemented with dry cells lncreases of
more than 100 per cenbt, These differences seem large enough
to Indicate a beneficial effect of the electric current, On
each successive date the lots of soll were taken from flats
not previously sampled, consequently the mumber of direct
comparisons was so small that a statlistieal aenalysis was not

attempted,
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TABIE IX, Effect of electric current, 0,5 to L5 milli-
amperes, on number of micro~organisms in soil of low
fertility - greenhouse experiment with oabts, 1932

Organisms :Average:&vganims:my tPer cent
per plate for 5 iper gramiwbt. :molsture
1 2 & 4 5 :platesidry soil:soilssoil

sa 73 o5

Treatment

Sampled 4/27, counted 5/2, dilution 1~100,000
Earth cell plus

- dry-cell = , :
copper . b9 48 55 49 48 51,8 118,800 43,6 14,7
mlddle 48 54 61 49 80 54,4 126,200 43,1 16,0
zing 36 R9 282 48 34 33.8 79,700 42.4 17,9

- average Tﬁ@fﬁﬁﬁ
copper - 17 21 27 22 35 24,4 55,200 44,2 13,1
middle 18 15 22 13 11 15,8 35, 900 44,0 13,6
zine 35 35 31 35 30 32.8 75 *700 43,3 15,4
average 55,655
Control - .
end 34 31 26 18 14 248 55,900 44,0 13,6
middle. - 18 17 22 21 22 20.0 46,000 43.4 15,2
end 19 18 19 20 17 18,6 43,500 42,7 17.1
average ~Z8,500

Sampled 5/11, coonted 5/16, dilution 1-100,000

Earth cell plus

dry cell = : ' ' ‘
copper 34 32 868 57 TV 5l.6 122,300 42,2 18,5
middle 25 33 30 40 28 31,2 73,400 42,5 17.6
zine ‘ 18 36 22 22 34 26.4 60,300 43,8 14,1
average 85,300
Earth eell = ‘ R
copper 17 18 18 14 23 17.4 40,300 43,2 15,7
middie 25 32 20 36 33 29.2 68, 000 42,8 16.5
zine 56 32 30 29 26 30,8 70 800 43.2 15.7
- average 5§,76§
Control ' '
end 19 15 13 23 9 15,8 37,100 42,6 17,3
niddle 20 38 23 24 16 24,2 56 800 42,6 17.5
end 10 8 19 8 17 12.4 29, 2000 42.8 1730
average . “Zifﬁﬁﬁ

Sampled 5/26, counted 6/2, dilution 1.100,000

Eorth cell Nos 1 26 22 16 26 35 25,0 58,500 42,7 17,1
Earth cell No, 2 == 24 26 21 14 21,3 49,800 42.6 17.3
Egrth cell No, 3 19 B3 15 23 23 22,6 53,000 42,6 17.3

average , ‘ §3f§55
Control No, 1 26 17 16 30 17 21,0 50,900 41,28 21,3
Control No, 2 10 19- 185 13 16 14,0 32,500 43,0 16,3
Control No, 3 16 21 11 14 12 13,6 31,400 43,3 15,4

average 55,500
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SUMMARY ~ WOMBERS OF MICRO-ORGANISHS

¥o, of Organismg Increase
Date flats THo., of per gram over
Treatment sampled sampled samples dry goll conbrols
%
Barth cell plus ’ '
dry cell 4/27 1 3 108,200 123,09
Earth cell " 1 3 55,600 14,64
Control R 1 3 48,500

Earth cell plus ‘ '
85,300 108,05

dry cell ' 5(11 1 3
Barth cell ' 1 3 59,700 45,60
Control | . 1 3 41,000
Eerth cell 5Z26 3 3 53,800 40,47
Control ! 3 3 38,300

| For the four treated flats sampled so as to test the

possible effect of the zinc'and the copper electrodes on'the
number of organisms in the nearby areas of soil, the results
fail to show consistent differences. In two of the four
instances samples taken from near the Zinc electrodes showed
small mumbers of orgenlsms, and in two instances large mumbers,
as compared to thoge teken from near the copper electrodes,
Semples taken from the middles of the seme flats showed
nunibers of organlsms in one instance higher, in one instance
lower, and 1ﬁ two Instances Intermedlate, as compared to the
monmbers in the samples from.mbar the elegtrodes.,

| The high greenhouse teﬁpératures during much of the
heading period quickly brought all lots to maturity, The
plants of Series No, 2, though planted two weeks later on

richer soil than those of the other series, ripened but a
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little later and all were harvésted on May 2. Harvesting
was accomplished by clipping the plants one inch above the
crowns, Each lot was rolled in mosquito netting and reduced
to a water freé basls in a steam heated oven,

The data in Tables X and XI indicate that the ylelds of
oats mabured on the soll of low fertility were father con~
sistently increased by trectment with electric current. In
but one case was the yleld of an earth cell as low as the
average of the cbntrols, and in but one cese was the yleld
of a control ag high as the average of the earth cells. The
yields fram €he two flaets having a dry cell included in the
elrcuit w§fé somewhat above those of the ordinary earth cells,
mdicatirié, that the slightly stronger current might heve pro-
vided an added gimulus. Statistical analysis supports the
conclusion that the differences in favor of the treatment
are slgnificant,

Comparisons of yields‘obtained on the soil of high
fertility do not seem to warrant the forming of definite con-
clusions but the following différences may be noted: (1)
the applicaetions of zinc sulfate appear to have been herm-

ful ss the yields of the four lots to which it vas applied,
including lots wiﬁh'ani without electric current, were from
8 to 15 per cent lower than those of‘the controls receiving
no zine sulfate, (2) the effect of the copper piate was
negligible, (3) the effect of the electric treatment wes not



TABRLE X, Effect of electric current (0.5 to 1,5
milliamperes) on yield of oats (dry weight), Soil
of low fertility, greenhouse experiment, 1952,

b

: : Against Av,

: :  of Control

: : Graln + Graln
+Flat:Grainsand straw: Grain :and straw
:Ho.tgmy 3 pems, : % 1 %

.
*
L]

FY AR Y IR 11

Control 1 82,60 217.73 102.61 98,76
" ~ 2 T4,13 208,66 92,09 94,65

" 3 79,59 217.73 98,87 98,78

" 4 80,00 213,19 99,38 96,71

" § 86,20 244,94 107,08 111,11
Averages 80,50 220445 100,00 100,00

Earth cell 8 84,55 217,73 105,03 98.78
" 7 92,20 240,41 114,53 109,05

" 8 84475 235,87 105,28 106499

" 9 93,60 254,08 116,27 115.23

" 10 87,05 222,26 108,11 100,82
 Averages 88.43 234,06 109,85 106,17
Earth cell 11 94,10 249,48 116.89 113.17

plus drycell
" " 12 93,00 263,09 115,53 119.34

Averages 03,55 256,28 116,21 116,25
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TABIE XI, Effect of electric current (0.5 to 1.5
milliamperes) on yield of oats (dry weight). Soil
of high fertility, greenhouse experiment, 1932.

: ¢ UGrain :Against average
:Flat: and  tof controls 3

Nos: straw :and 8

gms 7
Earth cell with ZnS0y 2 276,70 91,73
L woow 7 258,55 85,71
Averages 267,62 88,72
Earth cell 5 285,77 04,74
" " 10 285,77 94,74
Averages 285,77 94.74
Control with ZnSO4 1 267.62 88,72
" " " 6 272,16 90,23
Aversges 269.89 89,47
Control with.cogper plate 4 322,06 106477
i " " 9 204,84 97,74
Averages 308,45  102.25
Control 3 30845 102426
" 8 294.84 774

Averages 301,64 100,00
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beneficial as the ylelds from the two earth cells recelving
no other treatment averaged six per cent lower than those of
the controls, On the basis of this rather limited test the
possibillity that the copper and zine electrodes might in
themgelves provide sufficlent soluble nubtrients to cause in-.
creased yields seems rather unlikely,

Experiment In 1933, The following winter, 1932-33,

the greenhouse test with the copper-zinc electrodes combina-:
tion was repeated. Ten of the large flats, to be designated
as Series No, 1, were filled with a soil mixture composed of
five parts fileld soll, one part of compost and one part of
sand to a depth of three imches., Series o, 2 1ncluded 10

of Phé small flats filled with a'mixture composed of four
pa;ts field sqil, one part of compost and one of sand, It
was planned to have two distinet levels of soll fertility but
due tovan error the percentage of compost in Series Ho, 2 was
not increased sufficiently and probably little difference in
fertility was obtained,

Five flats in each series were equipped with the copper
and zine strips as described in the experiment of the previous
year, In the experiment for this year, however, the metal
strips were but one and ome-half inches in width and a dry
cell was included 1n each cilrcuit, Five flats in each series
were used as controls, All comnections were installed four

days before planting,
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On Decenber 27 all flats were planted to Iogold oatbs,
at the rate of 126 gralns for the large flats and 54 grains
for the small flats. The individusl grsing had been se-
lected for uniformity in size and freedom from discoloration
and were from a sample which had been treated with Ceresan,
A preliminary germination test had shown a strong and heslthy
growth.

In order to prevent the lodging which might result
from the frequent moving of the flgts and the top~heavy growth
characterigtic of greenhouse plants en adjustable network of
light cord was constructed for each flat, IEach network was
stretched from corner posts and was ralsed from time to time
so a8 alweys to provide adequate support. Damage from.
sparrows during the ripening of the grain was prevented by
inclosing the experimentsl plants with & canopy ¢f mosquito
netting, Figures 6a and 6b show the arrangement of the ex-
perimente.

In this experiment rether systematic observations on
the amounts of current were taken throughout the period of
the test, using a Weston mllliammeter. The data obtained
are presented In table XII,

The current readings, taken before and after wabering,
show a large varlation in amounts of current due to the molg-
ture content of the soil. A%t no time was the goll of any

flat dry enough to cause wilting of the plants, yet the



Figure 6a. Earth cell test with oats, 1933, Alternate flats

are earth cells, with dry cells included

in the circuits; the

other flats received no treatment. Photographed April 6,



Figure 6b. Same experiment phtoographed May
closure of mosquito netting.

15,

showing 61—
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Earth cell treat-
Readings taken soon after

Current in milliamperes ab various dates,
watering unless otherwlse sbated,

in soil of flats planted to cats and equipped with

copper-zine electrode combination.

ment, greenhouse, 1933,

TABLE XII,

Small flats No.
2 5

L

s

Large flats Ho, :

e Sa AB

Date
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placed in each cilreul¥b.,

~ On January 30 an additional dry cell was

P
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watering operation resulted in aimost 100 per cent increases

in the amounts of current., During rmch of the time, especially
toward fhe end of the growing period, the amounts of current
used in this experiment were considerably greater than the

1.5 milliemperes used in the heavier of the 1932 treatments,

After the crops had been harvested final measurements
of current were made on 21l of the treated flats. The data

obtained are presented in Table XIII,
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TABLE XIII, Final measurements of current in earth
cell flats after harvesting ocats. Readings taken
Hay 24, 1933,

s Bef ore watering N After wabtering

Flats lg ¢ Ly 3 By ¢ By ¢ By ¢ lg ¢ Ir : By, ¢ B, ¢ B
Vo, :MA :MA ¢ v : v vt s MA ¢ MA vb : v ¥
W=y e) (&) b)) () (7) 18] 19] (10}

Iy 0,40 1,95 2,84 0,57 5,41 1,35 3,60 1.41 0,84 5,68
Iy 50 2,30 2.82 78 3.60 1,20 %3,00 1.40 ,93 3,75

Ls o585 2,70 2,82 72 3.54 1,15 %2,30 1,41 .83 3.65
Lq 40 2,40 2,84 66 3,50 1,10 #2,95 1,42 ,80 3,64
Lg o795 3470 2,80 70 3,50 1,40 #3,80 1,40 .81 3.61-
Sp 0.20 0,95 2,79 0,74 5,53 0,75 3.60 2,79 073 5.52
Sz 0,30 1,40 2,79 0,76 3.55 0,95 4.80 2,79 ,70 3.49
S «20 W90 2,79 ,80 3,59 1,00 4,20 2,79 .87 3.56
Sz 50 2,80 2,80 .68 3,48 1,50 %£,256 1,40 ,76 3.58
Sa  +50 2.80 2,85 o628 3,46 1,40 %4,00 1,43 77 3.61
Symbol Heaning

©4Cs ~ Bartheell Colum (5) = sum of columms

’ _ ‘ (3) and (4). =
Ig - Current with e.ce. only Column (10) = sum of columns

(8) and (9).
. Iy = Current with e.c, and 2 ‘
dry cells *lurrent It using two dry

_ cells in series with e.c,
By, = Voltage of dry cells was too large to measure with
o ' nilligmmeter used, Only one
Eg = Voltage of e.c, dry. cell was used to de-

termine By, (Columm 10),
HA - Hilliamperes _

v = Volts

E; = Total voltage of s.ce and
dry cells in series

S « Smell flats
L = Large flats
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Seeding was accomplished by pressing the grains ic &
depth of one-half inch in the molst soil and filling each
small cavity compactly with freshly mixed soil.
TAELE XIVe Rate of germination of cats in flats

receiving current and in controlss. ZEarth cell
treatment, greenhouse 1933.

Ty :  Date of ¢ Hours
Flat Ho, :Date covereds omergence jelapsed
4 snd 5 (Series 1) 12/27 - 9AM 12/31 - 11AM 98
Remainder " ¥ it 1248M " 3PM 99
Series 2 # 3PM " 6PY 99

The rate of germination in and between flats was ap=
parently very uniform snd no differences whatever could be
‘observed as the result of the electrical treastment.

A count of the numbers of tillers was made by rows
across each flat, each row being nine plants long and six
plants long in the large and the smell flats, respectively.
The row nearest the zinc electrode 1s designated as Row

Hoo 1
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TABLE XV, Number of tillers (oats) by rows on February 4,
earth cell treatment greenhouse 1933, Averages for all
flats,

show: Large: Small: tRow: Lerge: Small
Treatment:No,: flats: flats:Treatment:No,: flats: flats
5 tregted per £lat & controls per f£lat
flats 1 10.2 3e4 i 8.6 340
2 S 2.2 2 6ed 2.2
3 6,8 0,8 3 5,8 3,40
4 5.2 1.4 4 4.2 2.0
5 4,2 1.2 5 6.4 0.8
6 3.8 1.0 6 5,2 0.8
7 3.0 1,0 7 Bad- 1.2
8 4.4 0.6 8 340 0.6
9 4,6 1.8 9 244 1.0
10 4,0 10 0.8
11 4,6 11 1.0
12 2,6 i2 2.0
13 240 13 246
14 2.8 14 2,0
Totals 63;4 13.4 55.8 1406
Av, Wo, tillers '
per plant 0,507 0,248 0,43 0,252

TABLE XVI, Number of tillers (oats) per flat on Feb, 4,
earth cell ¥reabtment, greenhouse 1933,

: Flat No,

Treatment Ll 2o 4 2b 6 27 28119 10
5 large flats-treated 39 89 128 55 36

5 large flats-controls 78 46 60 50 = 34
5 small flats-tregted 15 6 17 2 27 '
5 small flats-controls 14 7 11 2] Bl

Note: An examination of the stand om this date, Feb, 4, showed
that in Series No, 1 four of the lots had a perfect
stand of 126 plants and no lot hed less than 124 plants,
while Series No, 2 had a perfect stand of 54 plants thru-
oub, Tobel number of plants obtained, in Series No, 1 =
1251 oub of a possible 1260, in Series No, 2 - 540 out
of a possible 540,
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While the data indicate & definite trend in numbers of
tillers, slways in the same direction in each flat, this dif-
ference will be noted in the controls as well as in the treat-
ments., Since the same end of each flat was always to the
outside of the bench, in order to facilitate electromeber
readings, it 1s apparent that these differences must have
been due o envirommental conditions other than those pro-
vided by the treatment., A comparison of numbers of tillers
per flat between the treatments and the controls is favorable
to the treatments in the case of the large flats but ﬁith the
small flats no differences are apparent, In both series the
variations between‘individual flats were so large as to indi-
cate that the differences.in nubers of tillers with respect
to treatments is not significent. While flat No,. 5 in Series
Noe. 1 had many more tillers than any other, an inspection of
the yield records shows that, for some unaccountable reason,
its ylelds of roobs, straw and grain were, with respect to
each item, materially lowsr than those of any other lot,

In connection with the study of the effect of the
treatment on the rate and amount of growth, observations
were made wlth respect to the approximate?timE’of emergencs
of the heads., Counts were made on the basis of the rnumber
of plants showing terminéi spikelets above the boots The
data obtained are recorded in Taeble XVII,
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TABLE XVII, Comparative time of heading (oats),
eerth cell trestment, greenhouse 1933,

: :_Large flats : Small fiats

Treatment :Flat No,: 4/15 ¢ 4/16 : 4713 : 4/16
Treated 1 1 30 0 5
3 0 30 0 5
5 0 40 0 5
7 5 80 0 5
9 3 40 1 10

Averages 1.8 44,0 0.2 8,0
Controls 2 1 30 0 5
4 i 30 0 5
8 0 40 0 5
8 3 70 0 5
10 0 40 0 4

Aversges 1.0 46,0 0 4,8

From the data presented it 1s apparent that the treat-
ment with electric current has nelther advanced nor retarded
the time of heading.

Shortly after the complete emergence of the hesds a
considersble number of blasted spilkelets was noted in all
lots, Counts were made of the numbers of these splkelets
in two corresponding rows in each lot, using in all flats the
second row from each end. The data obtailned are recorded in

Table XVIII,



TABLE XVIII. Humbers of blasted spikelets {oats)
earth cell treatment, greenhouse 1933. Counts made
on two rows per flat.

Large flatg Small flats

$ Fliab
:

Treatment No. ; ¥row A 3 row B ; YOW A 1 TOY B
Treated 1 86 47 33 36
‘ 3 66 47 ‘ 34 24
5 66 48 34 - 29

7 120 61 48 - 50

9 156 46 ‘ 50 52

Totals ' 494 249 107 191
Controls 2 68 ¥ 33 45
4 71 52 35 48

6 56 a6 40 43

8 63 50 34 53

10 164 VA 28 48

~ Tobals 422 302 170 237

# 0f the rows on which the counbs were made the row
nesrest the outher edge of the beunch is deslignated as A
and the row nearest the center of the bench as B.

Study of thess data‘indicates that apparently there ig
no correlation between fhe treatment and the number of blasted
spikelets. While there was considersble varistion in the
number of blasted spikelets for individual flats, the differ~
ences within the treated or the control groups were as large
-as the differences between any palr of treated or control
flats. Because of the systematic rotation of the flabts as
deseribed in the experliment of 1932, the large flats;.during
much of the flowering period, were located opposite each

other on one~half of the bench aend the small flats opposite
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each other on the other part of the bench, The large flats
extended almost halfway across so0 that the inside ends of
opposite flate almost touched, consequently the plants in row
B were subjected to conslderably different envirommental con=
ditions than those of row A at the ouber edge of the bench,
A considerable spéce intervensd between the inside snds of
the small flats, hence the growlng conditions for the outer
and the imver ends of these flats probably were not mach dif-
ferent, fhe mich larger number of the blasted spikelets in-
the A rows than in the B rows of the large flats 1ndicates
that the variation in mumbers of these spikelets may be due
malnly to eunvironmental conditions,

For theicounts of mlcro-organisms the methods of sampling,
dilution and plating were the same as those used in the experi-
ment of the previous year. Resultg are ghown ln Tables XIX

and XX.
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TABLE XIX, Numbers of soll micro-organisms, series
No, 1, earth cell treatment, greenhouse, 1933,

: OUrganlsms T AV, :0rganiasms: tPer cent:
Flat: per plate :for b :per gram :Dry wb.:moisture:Current
Noes l:2 2 ¢35 : 4 15 iplates:dry soil @ gsoll : 801l : .8,
Qs o

Sampled 3/19, counted 3/25, dilution 1-100,000

1# 31 6Y 38 33 40 41.8 97,000 427 17,1 1.1
2f 44 53 58 46 58 51,8 121,300 42.7 17,1
3% 67 B9 45 41 64 55,28 131,400 42,0 19,0 1.9
4 37 30 37 33 34 34,2 81,400 42,0 19,0

5% 46 42 63 56 45 50,4 124,400 40,5 2344 241
6% 38 41 36 38 41 38,8 91,500 42.4 17.9
7% 36 45 42 48 46 43,4 103,300 42,0 18,0 1.5
8f 45 37 41 31 33 37,4 87,600 42,3 18,2
9% 41 30 29 46 42 37,6 88,100 42,7 17,1 1.1
lo# 37 49 43 59 41 45,8 106,500 43,0 16,3

Av, of treatments (1l=3-5-7-9) 109,000
Av, of controls (2«-4-6-8-10) 97,800
Per cent increase over conbrols 11l.4

Sampled 4/27, counted 5/2, dilution 1-100,000

1# 20 16 19 15 20 19,8 45,300  43.7 14.4 245
24 19 16 23 17 6 16,2 35,800 45,2 10,6
% 20 12 20 19 18 17,8 41,400 43,0 16,3 2.4
4 11 14 13 14 17 13,8 32,100 43,0 1643
54 21 20 20 23 22 21,2 49,900  42.5 1746 2,0
6# 11 12 20 15 13 14,2 32,100 44,2 13,1 |
7# 17 15 21 23 20 19,2 43,600 = 44,0 13,6 1.8
8# 18 13 29 28 20 21,6 49,000 . 44,1 13,4 '
9% 16 10 18 20 20 16,8 38,100 44,1 13,4 240
104 12 13 10 11 20 13,2 29,300 45,0 11,1 |

Av, of treatments (1-3-5.7-9) 43,700
Av, of controls (2-4-6-8-10) 35,700
Per cent Increass over controls 22.4

st Treated
# Control
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TABLE XX, Humbers of soll micro-orgenisms, series
Wos 2, earth cell treatment, greenhouse, 1933,

: Urganisms 1 Av, :Urganismg: tPer cent:
Flats er plate :for 5 :per gram :Dry wh,:molsture:Clurrent
0 g p y »
Noet 1 2 2 313 ¢4 ¢+ 5 iplates:dry soil ¢ soll @ soll : m,a,
£HS o

Sempled 3/13, counted 3/18, dilution 1-10,000

Ll 283 367 201 352 68 338 76,300 43,5 14.9 1l
2# 72 211 296 289 279 229 51,600 4444 12.6 '
3% 496 440 424 500 454 4656 109,400 42,5 17.6 11
4 350 242 358 251 202 299 68,700 43,5 14,9

o% 434 302 350 353 356 369 835100 43,2 15,7 1.0
67 S17 361 320 357 X 332 774000 44,0 13+6 :
T S5 346 271 361 182 307 71,100 4542 1947 1.1
8# B89 383 420 334 351 375 86,200 4345 14,9

9% 246 325 342 288 256 286 65,700 43,5 14,9 1.0
10# 176 320 337 346 315 299 68,400 43,7 14.4

Av, of treatments (1-3-5-7-9) 81,100
Av. of controls (2-4-6-8-10) 70,400
Per cent increase over coutrols 15,2

Sampled 5/2, counted 5/8, dilution 1~100,000

% 21 20 23 30 34 25,6 60,000 42,7 17,1 1.9
2# B35 36 B2 28 B7 33,6 75,700 44,4 12.8

% 23 34 19 34 22 26.4 61,700 42,8 17,0 1.7
Gf 17 36 24 24 28 25.8 60,300 42,8 17,0 '
5% 23 31 32 27 20 26,6 61,900 43,0 16,3 1.9
6# 15 20 18 15 7 15,0 33,300 45,1 10.9 '
7% 24 21 20 34 21 24,0 55,800 @ 43,0 16,3 340
8 19 15 21 17 19 18,2 41,400 44,0 13.6

9% 23 32 25 24 27 25,8 58,800 43,9 14,0 2.0
104 14 14 18 11 15 14,4 32,000 45,0 1l.1 '

Av. of treatments {1-3-5=7-9) 59,600
Av, of controls (2-4-6-8410) 48,500
Per cent increase over conbrols 22.8

% Treated
- Jonbtrol

S
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In this study of the effect of electric current upon
the numbers of soil micro-organisms, the lncreases, averag-
ing approximstely 18 per cent, obtained in the soil of the
treated lots seem g rather definite indication of the favor-
able effect of the electrie curvent, However, examination
of the deba discloses large variations between individual
flats of both the treated and the control zroups. In a
nmumber of instances the numwbers of organisms for the controls
were coungiderably larger than for the treated flats. 4
statlstical study applying the analysis of variance indi-
cates that the differences obtained in this test were not
significant,

A1l lots were harvested by clipping ag previously
described, A%t this time the heights of all lots varied from
52 to 54 inches and no consistent differences in amount of
growth could be observed. Each lot wag rolled in mosquito
netting and reduced to a water free basis., The roots of
each 1ot were washed end dried, and ylelds determined, Yields

of grsin, straw, and roots are shown in Table XXI,



TABLE XXI., Effect of electric current of low intensity (copper-zine
electrode combination) on yields of oats, greenhouss experiment, 1933,
Dry weight in grams per flatb.

. Grain : Straw : - Roots . Total
Series : Tr.dt @ Ck,¥#® @ Tr, T Uk, 2 "r.e ¢ Ck. : Ty o : UK
Small fiats 56 .3 573 126.,5 116,86 47 O 49,0 289,.8 228,09
15" x20" 57 .9 60.3 125,.0 127 .53 44,0 44,0 226,9 231,68
61,9 5847 134.2 115.0 45,0 49,0 241 .1 2227
BE8.S 568.2 116,86 117 .6 3640 45,0 202,.,4 218.8
58.1 59,9 115.2 116.9 48,0 50,0 221..3 226,8

Total 2901.0 202,.,4 617.5 593.4 820.0 237 40 1128,5 1122.8
Av. Yield '

o= QG-

¢per flabt 58.2 585 123.5 118,.%7 44,0 47 o4 225 ,%7 224.8
% increase ‘ ’
over cks. w05 3.9 7 &7 0,5
Lar%e flats 95,2 105.2 214,3 212.9 7540 83,0 384,85 401,31
20" x30" 100.5 85,9 282,92 204..5 71.0 710 5904 .4 3714
' 03.9 105.6 211.5 222.3 56.0 65,0 361 .4 392.9
8.0 96,5 220.6 215.0 65,0 7350 38l.6 38245
08.3 94,3 220,.,3 215.5 67 .0 76 40 385,86 385.8
Total 485,.9 47 5 1088 .6 1068.2 332,.0 368,40 1907 .5 1933,7
Av, Yield ’ ’ '
per flat Q7.2 99,5 217.9 213.6 B86.4 75.6 B381le5 38627
% increase ’ '
over cks, e D 2.0 =-10,.8 13
% Tr treated

‘ Ck = comntrol
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Study of the data for the ylelds of the treated {lats
as compared to the controls fails to reveal conslstent dif-
ferences except for the yields of roots, While the averages
for each series shows, Tor the treated flats, a slightly
less yield of grain end a slightly incressged yield of straw,
the varlatlong between‘individual flats were so large ag to
indicate that the results for the grain and the straw can
not be considered conclusive,

With reference to the ylelds of roots the data show
that in eight of the ﬁen’treated flats the root welghts were
less than the mean weights of the controls, While the differ-
ences are not large, the aonsistentlj lower root yields from
the treated flats indicates that the emount of electric cur-
rent used in-fhis experiment has been harmful %o root growth.
Thig conclusion is supported by statistical enalysis,

For the determinations of total nitrogen in the grain,
strawy, and roots, representative samples were ground in a
Wiley mill, One gram samples of the grain and two gram
sampies of the straw and roots were used and determinations
made by the Kjeldahl method, Results of these analyseg are
showﬁ in Table XXII; | | |

A study of the nitrogen analyses with respect to the
averages and the indlvidual items within the trestments shows
that there asre no conslstent differences in the percentages

of total nitrogen in the grain or in the straw, There does



TARLE XXIT, Per cent total nitrogen in grain, straw and roobs
(cats), earth cell treatment, greenhouse, 1933,

GRALN T3 STRAW . 1e ROCTS
Treatments 2 Checks :: Treatmenta Checks : s Treatments e Checks
Pilot Total Ni:Piot Tobtal N::Plot Total N:Plot "Total N::Plot Total N:i:Plot Total N
% : ‘ % s % 3 7 % :3 % s %
Series No, 1
1 1l.84 2 1.84 1 417 - 2 o 421 1 1.23 2 130
3 1.87 4 1.90 3 o412 4 o431 3 1.32 4 le32
5 1,88 8 1.84 5 o451 3] « 382 53 1.32 8 1.39
7 2,08 8 24,04 7 421 8 o417 7 1.23 8 1.38
e 1,77 10 1,94 €] 2392 10 0451 9 1.25 10 led4
AV e 1.89 C1.91 «419 « 420 1.27 137
Series No. 2 .
i 1.869 2 1.70 1 402 2 « 365 i 1.37 2 1.39
3 1.61 4 1,61 3 543 4 0BT 3 1,30 4 138
5 1,64 ] 1.65 5] 2072 5] 8278 5 1.41 6 140
7 l.62 8 1.68 7 0 B3Q 8 « 349 7 1,28 8 1.34
9 1.68 10 1,65 9 ,565 10 « 283 9 1,28 10 143G
Av, 1.85 1.68 e384 « 365 1.32 1.38

ngev




appear to be a consistent reduction in the total nitrogen
in the roots of the treated lots and this conclusion is sup=

ported by stablstical anelysis of the data.

Pileld test with oats using the copper-zinc electrode combination

During the season:of 1932 the electrode method of apply-
ing weak electric currents to plants was bested under fleld
conditions, A level plot, 74 by 36 feet in size, of apparently
uniform s0il, was selected in College Field end on April 8
drilled to Iogold oats. The oats was planted with a hand
drill in rows running north and south, six inches apart. Tﬁis
area was lald out wlth 20 treated and 23 control plots each
40 inches wide and 50 inches long, wlth intervening buffer
strips 30 inches in width, For the treated plots the copper-
zine electrode comblnatlon was installed, The metal strips,
each 40 Inches long end two inches wide, were pressed into
the goil to a depth of about three inches at the ends of the
50 inch plots. Each control and treatment, therefore, in-
cluded eight grain rows 40 inches longs

For the treatments two levels of current Intensity were
used, With ten plots six dry cells in series wers included
in ezseh circult while the remaining ten recelved the current
from three dry cells per plot, ILater, as the meter readings
dropped, the mumber of cells was increased to eight and four,

respectively, and on June 10 all cells were replaced, During
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the progress of the experiment the cell groups were enw
cloged in rain proof boxes., All treatments were installed
on April 22 when the plants were approximstely one inch in
height, The arrangement of the field with the locations
of the high and the low treatments, also the intervening
controls, is shown by Figure 7.

The season was favorsble for growth and the crop grew
well, ripening progressed normally, and the quality was
good, During the growth and fipening period no differences
as the result of treatment could be observed, The following
meber readings arve indicative of cﬁrrenﬁ Inbensities during
the experiment,

April 82 June 23 June 28 June 30

m.a.* an.a. m.ao BI‘.S..
High treatment 2055 8-15 5-12 5.12
Low treatment 12=30 5=10 2=8 2«8

#millismperes

Counts of goil mlcro-orgenisms, yields of grain and
straw, and analyses of total nitrogen were obtained gs in
the greenhouse test, The experimental plots were harvested
on duly 7. For the harvesting a braced frame was constructed
with two parallel pronggs 50 inches long and 40 inches apart
and the llmlits of the area to be harvested were debermined
by thrasting the prongs across the rows at the ground from
\one end to the other of the plot. The results are presented
in Tables XXIIT to XXVI, inclusive,
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TARLE XXIII, Effect of electric current {(copper zine
electrode combinations supplemented with dry cells)
on nuwbers of soil organismg and ylelds of oats,
College Field, 1932,

: Gontrol 82 : Light Treatment
: Nose soll : 3 ¢ Nos, soil
Plot: ovgenismg ¢ OCrop ::Plobt: organisms : Crop
No,: 000 per gm, : yield :: No,: 000 per gm, :yield
gns.e - / ginse
' /
1 3 680,4 2 108 /62104
3 ~ 76 662 ¢3 4 03 25T
5 85 74349 8 88 - 753,.0
8 _ 68 853,2 7 98 712.2
0 100 675.9 9 103 653.2
12 & 734.,8 11 110 684,9
13 * 12,2 14 129 671e5
15 100 694,0 16 89 889,5
7 92 682,56 18 94 77Lel
20 122 607,8 19 92 6713
Control Heavy Treatment
20 122 607.8 21 121 616.9
22 83 - 644,11 23 85 725,8
24 * 7T7L.1 26 128 782,0
25 % 698,5 28 127 T84,7
27 139 612,4 30 - 93 662,25
29 82 712,2 32 % 771.1
KX % 7711 34 ® 707 ¢6
38 % -866.8 37 29 89845
35 ' # 707 .6 39 99 825,86
36 100 698,56 = 42 % T81.2
38 - 108 725.8
40 113 7167
41 % 734,.8
43 * 762,0

xNot sempled.



TABLE XXIV, Nuwmbers of soll mlcro-organisms =~ summary of Table XXIIT,

: June 2o T Jone 28 : June 30
:No of': :Compara~sio of: :Compara-tNG OF 8 , :Conpara-
ssam- :Bacteria:tive perisam-~ :Bacterieitive per:sam~ :Bacteriaitive per
Treatments tles iper gm, @ cenbsg :ples :per gm, : ¢ents ::ples :per gme : cents
Low Treatments 3 96,300 118,89 4 100,800 120,00 ] 104,000 107 .77
Corresponding Cks. 2 81,000 100,00 2 - 84,000 100.00 2 96,500 100,00
High Treatments =~ =& 3 118,700 104,71 2 102,000 99.51 2 99,000 02,52
Corresponding Cks. 2 110,500 100,00 2 102,500 100,00 3 107,000 100,00
A1l Trestments <] 106,000 110,65 6 101,200 108.82 5 102,000 00.22
All Checks 4 95,800 100,00 5 93,000 100,00 7 102,800 100,00
:No., OFf ¢ sComparatcive
tsampleg:Bacteria per gram: per cents
Average all low tréatments ' 10 100,400 115,14
Average all corresponding ckse [ 87,200 100,00
Average =211 high treatments 4 105,600 98,97
Average sll correspondlng cKs. 7 106,700 100,00
Average all trestments 17 103,000 106,30

Average all checks 16 96,9200 100,00

nBGn
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TABLE XXV, ¥Yield of grain and straw - summary
of Table XXIII,

: No, tAverage: Yield compared

Treatment s plots ¢ yield : to checks
(a3 ko

A1l treatments 20 71104 101,79

411 checks 23 69849 100,00

Low treatments 10 69544 101,46

Corresponding cks, 10 685,4 100,00

High treatment 10 7276 102,58

Corresponding cks, 13 70905 100,00




TABLE XXVI, Effect of electric current (copper-zing
electrode combination supplemented with dry cells)
on percentage total nitrogen in oats, College Fleld,

1932,
Plot: Grain : Strew :Plot: Graln : Straw
Noes #ne 3 %me tVoets Bne % om
Controls Light Treatment
1 1,844 0,308 2 14800 0345
3 1,947 04359 4 2.018 0,345
5 1.869 . 0,286 6 1,89 0,271
8 1.844 0,292 7 1.916 0,336
10 1,92 0,351 9 1.918 0,292
i2 1,785 0,358 11 1,788 0,305
13 1,779 0.292 14 1.850 0.344
15 1,807 0,300 16 1,894 0,314
w 1.910 0,308 18 1.894 0308
20 1,791 0,300 19 1.822 0,257
Av, 1,850 0,315 1,879 0,312
Controls Heayy Treatment
20 1.791 0.300 21 1.735 0.292
22 1.807 0,322 23 1,763 0,314
24 1,878 0¢365 26 1,835 0,271
25 1.850 0,264 28 1.894 0,292
27 1,855 0,249 30 1,981 0,330
29 2,040 0.308 32 1,735 0,257
31 1,866 0,300 54 1.850 0,300
33 1,807 0,365 37 1,704 0,235
35 1.910 0,314 39 1,966 0,330
36 1.866 0.257 42 1,791 0.308
38 1,807 0,264
40 1,966 0.308
4:1 13850 00235
43 1.894 0.264
Av, 1,869 0,294 1,825 042093
Ay, for Av, for
all 1.864 0,303 all 1.882 0,308

controls treatments
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It is apparent that the results of this experiment fall
to show gignificant differences due to the treatment with
electric current. There ls a slight indication, however,
thet the currents used may have been too strong since with
the lower treatment an average increase of 15 per cent in the
number of soil micro-organisms was obtained, while with the
high trestment the rmmber was slightly decreased. Bub little
reliance can be placed upon such & concluslon es the varig-
tiong in the individual counbs were so large as to render
Insignificant the slight average differences obtained, For
example, the number of soil organisms per gram dry soil in
treated plot No. 9 was 103,000, while in plots Hos, 8 and
10, the controls on either side, the wnumbers were 68,000 and
100,000 respectively., Again, in treated plot No, 28 the
number was 187,000, while in plots No. 27 and 29 the numbers
were 139,000 and 82,000 respectively.

A comparison of treatments and controls with reépect to
crop ylelds and percentages of total nitrogen shows that the
average differences were 8o slight as to be negligible,
especlally in view of the rather large variations in the indi-
vidual determinations, For the plots receiving the light
treatment, the crop ylelds, as shown in Table XXIII, varled
from 621.4 graems to 771.1 grams, while the yields of the
corresponding group of controls varled from 807.8 grams to

74349 grems. The yields of the plots receiving the heavy
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treatment varied from 616.9 grams to 825.6 grams, and for
the controls from 607.8 greams to 771,1 grams, The nitrogen
analyses, presented in Table XXVI, show thatb both the grain
and straw of treated plot Wo. 28 were higher in percentage
of total nltrogen than control No, 87, and lower than control
Mo, 29. The data on percentage of total nitrogen presents

a number of simlilar examples,

The effect of electric current upon the formation of carbon

dioxide in the séil

In.order"fs invéstigate further the possible effects
of slightrélectrie currents upon the mmbers of soil micro-
organismé, samples of soll were treated with different in-
tensitles of current and the effect measured iﬁ terms of
carbon diqxide‘fOrmation. Since carbon dioxide is rroduced
by nearly all types of these obganisma-the amounts evolved
can be agsumed %o indicabe rather definitely the combined
effect of the nmumber and actlvity of the organisms in the g0il
studied. This test was conducted in May and June, 1934,

The soil used was a Clarion loam taken from two to five
inches below the surface in an old alfalfs field. After air
drying for several days the soil was pulverized with mortér
and pestle, screened through a 20 megh sieve and spread outb

for further drying, Just prior to the taking of the experi-
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mental samples the moisture content of The alr-dry goll was
determined by reducing to oven dryness.

Each experimental sample, consisting of 200 grams of
the thoroughly mixed, slr-dry Clarion loam, was weighed into
a 500 cc., gas bottle and the moisture content raised to
approxlmately 21 per cent by adding 40 cc. of a nutrient
solution. The rnutrient solution had been prepared by adding
to each 40 cc, of distilled water two grams of cane sugar
and 0,6 grams of smmonium sulfate,

Wine experimental samples of soil, in groups of three
samples each, were used for the test. One group was subjected
to current of 10-15 milllamperes, the second group received
approximetely 0,1 milliempere, and the samples of the third
group were used as controls. The heavier current was obtalned
from o direct current generator and the lighter from Edison
sborage batterles., On account of high reslstance in the cirw
cults, possibly due Lo imperfect contact bebween the soil
and the electrodes, it was necessary to use conslderable
volbagée in order to obtain the currents desired, Treatments
were continuous and were applied throughout the full period
of the test; except during the time necessary for drawing
off the carbon dioxide.,

The gas bobttles for the treated samples were equipped
with two carbon electrodes, 0,5 inches-in»diameter; projecte

ing through holes bored in opposite sides about three-fourths
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inch above the bobttoms., The ends of the electrodes intended
to be in contact with the soil projected one-half inch bew
yond the inner walls and were sealed in place To prevent legke
age, The three bottles in each group were connected In
series, as illustrated in Figure 8, and placed in the proper
circuit, Hach bottle was stoppered with a two hole rubber
stopper equipped with glass tubes to which were abtached
short lengths of rubver tubing. During the treatment these
openings were closed with tightly fitting solid glass rods,
One of the two glass tubes in each bottle extended to a point
Just above the surface of the soll, the other terminated just
below the stopper,

For the aspiration of the carbon dioxlde, the soil flagks
were connected tOISOO ¢c. suction flasks contaiﬁing from 20 to
80 cc, of approximately 0,5N KOH, the amount used depending
on the length of time elapsed sinee the previous determination,
Bach suction flask was equipped with a tower containing ape-
proximately 18 inches of glass beads so that during aspiration
the KOH, which was drawn up into the tower, would have the
maximum sbsorption rate., Suction, applied at the upper endé
of the towers, was provided by a waber pump. The 062 free
alr, which was led to the soil flasks during the asplration
process, had been drawn first through a 30 inch tower of glass
beads kept moist with constantly circulating HaOH; and then
through two gas-washing bottles in series filled with 35 per

cent KOH., From each soil flask the COo laden alr was drawm



Group of three 200 gram (dry weight) samples of soil in gas bottles
Fart of experiment to
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Tigure 8.
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measure effect of electric current on COs formation in soil.
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into a suctlon flask and bubbled through the KOH in the
tower,

- At the end of the aspiration period the beads were washed
from the abso:ption towers into theilr respective flasks with
distilled water, ten cc, of BaClp for each 20 ce. of KOH were
added, and the solution titrated against 0.1070W HCL, The
experiment was contimed for 72 hours and debterminations of
€0y were made at the end of each elght-hour perlod for the
first day, and at the end of each 24~hcur period for the
next two days. The results of this experiment are presented
in the Tables XXVII and XXVIII.

In Table ZXVIIT the symbol "F" in each case represents
the ratio of the greater to the smaller mean squares, The dee-
gree of significance for sach factor is indicaited Ly compar-
ing "P" with the appropriate figures from Snedecorts (41)
tables for the values of "F", 1In certain cases the "F" values
obtwined in this experiment are higher than the highly signk
nificant tabular values of the 1% order.

On the basis of these data , a high degree of significance
mst be attached to the variation between treatments, indicat-
ing thet the numbers or activities of soil microuofganisms, as
measured by the evolution of carbon dioxide, have been affected
appreciably by electric ecurrent. The "F' value of 46,94,
representing the varlation between treatments, is many times
larger than the 1% tebular value of 6,01, That the effect of

such treatment 1s independent of the time the readings were



~108=

TABLE XXVII, Effect of electric current of different
intensities on the formation of €Oy in soil, Milli-
grams C0p per 200 grams of soil,

! Mg. COs ¢ Wg. GO, ¢ Mg, COn¢ Hig GOp :hg, COp ¢

: at'2: at 2, at 2: at ¢ ak :

: 8 hrs, ¢ 16 hrse.: 24 hrs.: 48 hrs.: 72 hra.: Sums
| A . Controls ,

Rep.¥ 1 83,6  109,5  158;2 250,82  175.,0 754,5
g 12649 152,56  158,4 225,53  175.8 B838.9
"3 104.8 140,6  150,4  226,0 1714 793.1

Sums 315.5  402.5 © 467,0  68L.5  520.2 2586.5

Light Trestment--0,1 millismpere

Repe 1 121.5 140,1  167.4  225.5  204,3 858.8
o 122,9 145,7  182,2  210,2  233.8 894.8
"3 137.2 161.2 177,83 271,28 199.4 946.3

Sums 381,6  447.0  526,9  706.9  637.5 2699.9

Heavy Treatment=-10-15 milliampere

Rep, 1 102,9 101,82  111.8 . 76.3 83,6 475.8
o2 7749 88,0  117.,7  112.5 16845 564.6
" 5 68.5 ' 7600 66.9 56.7 7802 34601

Sums  249,1 265,2 245.5 330,53 138645

296,04

iéReplicati on.



~109=

TABLE X¥XVIII. Analysis of variance in amounbs
of 0y, Data from Table XXVII, '

o

:Degrees: :
: ¢ of @ Mean : Values

Source of variation :freedoms Squsre & of 'p?
Total 26
Between means of ‘ e

treatments - 2 52,282,21 46,947
Between means of o »

time 2 119,268,30 107,097
Interaction «treat- ' ‘ N

ment and time 4 2,017.80 1.81%

Unaccounted for 18 1,115.74

#% Highly significant
% Not signifieant
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taken is indicated by the fact that the "F" value for inter-
actlon between treatment and time 1s smaller than the barely
significant 5% tabular value,

The comparative amounts of carbon dioxlde obbtained at the
end of each interval ave shown in Figure 9. A comparison of
the three curves in this figure shows that the depressing
effect of the stronger current was considerably greater than
the stimmlating effect of the weak current, Apparently, much
of the significance for the variation between treatments must
be due to the relatively small amounts of carbon dioxide
formed in the éoil treated with the stronger currvent., Analysis
of the variations in the means of the weak trestment and of
the controls indicates that the stimulating effect of the weak
current is of doubtful significance.. However,.a study of the
data for the weak treatment and for the controls shows the
following differences: (1) the amounts of carbon dioxide ob-
tained during each of the five guccessive periods were defi-
nitely larger for the wesk treatment; (2) for each of the suc-
cessive eight hour perlods of the first 24 hours the rate of
carbon dloxzide evolution was somewhat accelerated by the weak
treatment.

For all treatments, mmch larger amounbs of carbon dloxide
were obbained for the first 24 hour pericd than for the sue-
ceeding intervals, a result which probably was due in pert to

the early but temporary effect of the nutrlient solution,
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SUMMARY

In this investigation the primsry object has been to
study the possible effect of weak electric currents, similar
to those existlng In natwre, upon plant growth and certain
phases of the environment. The experiments have been of two
types: (1) those using the earth-ailr currents collected and
discherged by means of elevated metal brushes, and (2) those
using currents genersated as the result of differences in
potential between burled, aerially connected, copper and
zine electrodes, sometimes augmented by dry cells placed in
ﬁhﬁ circults, In both types the currents developed have been
applied to the‘foot areas of the planbs under observabion,

The study of plant response has been confined to
measurable features of growth and development, such as rate
of germination, time of maturity, analyses of total nltrogen,
and yields of graln and straw. Considersble attention was de-
voted to one of the eﬁvironmental'problems, nanely, the effect
of the slectric currents used upon the rumbers and activity
of the micro~organisms in the treated root areas. The response
wes measured by determining the relative numbers of organisms

end alsc the amounts of carbon dloxide evolved,
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The results with the earth-air currents indicated, under
the conditions of this experiment, that the currents obtained
by meens of the ingtallation of elevated metal brushes con-
nected with buried wires transversing the rcot arsas of
field crops were of so little effect that the method must be
deemed quite impractical, In fact, the yield differences
measured in these comparisons were so slight and the direction
of variation was so erratic that the ﬁossibility of elther a
stimulating or a depressing effect, due to the currehts ob-
tained, seems doubtful, Furthermore, it appears probable that
the mimie electric currents passing through the elevated
brushes were not led from the bases of the poles outward into
the‘fielé?;ny effective distaaée but leasked off into the soil
within a maximm distance of six feet from the point where the
conductor entered the ground, This conclusion is supportea'by
calenlations based on physical formulae including the observed
strength of current, and also on the fact that the intensity of
the currents measured in the soil and along the buried come
ductor at varlous distances from one of the collectors seemed
to bear no relation to the intensitiés measured at the base
of the pole, During the course of this three year experiment
a wide range of seasonal conditlons was encounteréd; the first
year being'exfremely hot and dry and the third year providing

an abundance of raln and generally favorable growing weathep,
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The ezxperiments with the copper=-zinc electrodes com=
bination, in which an electrode of copper and one of zinc
were buried at opposite snds of the soll area to be treated,
and connected aerially by copper wire, produced results with
oabts which iIndicate that the growth of plants may be affected
by electriecal currents of low inbensity.

In the filrst year of the greenhouse test significant
inereases in ylelds were obtained from the treated lots ex~
cept where grown on soil of high fertility. T his sxception
is one which might be expected, since the high ferbtility soil
in 1tself apparently provided such favorable growing condi-
tions that further stimulus could not produce measurable
respons€. In five of the seven treated lots of the low fep=

tility'series the current applied was very weak, belng of the
orderof 0.5 milliempere, and was merely that current induced
as the result of the difference in potvential between the
~copper and zinc electrodes. With the two lots having a dry
cell included.in the circult and subjected to current of ap-
.proximately 145&ﬁ11iamperea the Incresses obtained were larger,
indicating that somewhat stronger currents might be still more
effective, a deduction which was not supported by further
trials. |

For the pgreenhouse experiment of the second year one or
~more dry cells were lncluded in‘the eircuit for each treated

lot and current intensities in all flats, while generally of
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the order of from 1.0 to 2.0 milliamperes, at times ranged
as high as 4,0 milliemperes, In this experiment the ylelds of
graeln end straw were nob signifiéantly increased, in fact, the
grain ylelds of the treated lots were slightly less than those
of the controls, It seems possible that %oo high an amperage
was used, and this inference is supported by the fact that
in the case of the rcots the ylelds and per cent total nitro-
gen were gignificantly less for the treated lots than for the
conbrolge.

In the fieid trialg the copper-zinc electrodes combingw
tion with dry cells included in the circults provided s wide
range in current intensities, In the low geries treatment the
intensities varied between 2 and 50 milliamperes, depending on
the dryness of the soll and the condition of the batteries;v
and in the high series between 5 and 55 milliamperes. Since
the current was not confined in the field soil as in the
greenhouse Tlabs, 1t was free to follow the usual curved path-
way of the lines of force and consequently the intensity per
unit of cross-sectlon area was obviously not in the same pro-
portion to the recorded intensity in the two experimentss Howe
ever, nelther of the two gemeral levels of current intensity
which were used iﬁ thig field trial proved to be effective, as
the differences obtained for the plant y;g;ds,.nitrdgen analy=
ses, and numbers of soil organisms were s&ﬁsmall as to be withe

out slgnificance,
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With the exception of the determinations made in con-
nection with the field test, a rather definite and constent
relationship between electrical treatment and numbers of
soll micro~orgenisms was observed throughout the series of
experiments, In the 1932 greenhouse experiment a comparison
of 24 samples by means of laboratory counts showed increases
for the electrically treated lots of 14 to 123 per cent, and
of 16 to 23 per cent for 20 samples in 1933, Further proof
was provided_by the carbon dioxide determinations, a weak
current of O,1 milliampere producing appreclable increases
in emounts of carbon dioxide formed and a relatively strong
current of 10 to 15 milliemperes resulting in pronounced
decreases. Since the positive correlation between mumbers of
soll micro-organisms and the productivity of the soil has
been well established 1t may be concluded that possible varia-
tions in plant growth resulting from the application of
electric current are at lesst partly due to the effect of

such treatment upon these organisms,
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