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The lack of uniformity in the yields of the control plats A and Cin
the 1907 experiments (Table 1) 1s such that no great dependence can
be placed in these results. It is significant, however, that in only one
of the 10 trials recorded did the treated plat show any evidence of a
substantial increase in yield when compared with the mean of the
control plats.

Ezxperiments in 1908.—In the 1908 trials the wires were run di-
rectly over the treated rows and kept at a height of 6 to 18 inches
above the plants by means of adjustable brackets on which the
insulators were mounted. The control rows ran parallel to the
treated ones at a distance of 614 feet and were separated from them
by intermediate guard rows.

In one part of the plat the wires over the plants were charged
gositively to about 50,000 volts from 4 p. m. to 7 a. m. each day, 955

ours in all. In the other part of the plat the wires were charged
and dischar%ed rapidly by connecting them to one terminal of the
secondary of an induction coil, the other terminal being grounded.
In this case the potential rose to about 20,000 volts and then dis-
charged suddenly through a small spark gap between the wires and
the ground.

The treatment first described is similar to that employed by Lem-
strom and believed by him to result in increased yields. In these
experiments, however, neither treatment gave any evidence of in-
creased growth. The detailed yields consequently are not of special
Interest.

ELECTROCULTURAL FIELD EXPERIMENTS WITH GRAINS

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

The Lodge-Newman apparatus used in the experiments from 1912
to 1915, inclusive, was designed in England primarily for electro-
cultural work and consists essentially of a 110-volt induction coil,
operated by a mercury interrupter, and a rectifier. Five Lodge
valves ¢ designed to rectify the high-tension alternating current were
placed in series with the network, thus allowing only the positive
impulses from the secondary of the coil to reach the network (33).

The negative pole was grounded. Two balls 25 millimeters in diam- -

eter, one of which was grounded and the other connected to the net-
work, were used to determine the potential, assuming a breakdown
gradient of 3,000 volts per millimeter.

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

¢ For a description of the valves, see Lodge, O. (34).
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TABLE 2.—Yields of winter wheat on plats following electrocultural treatment (posi-
tive charge), section E, Arlington Experiment Farm, in 1914

Yields (pounds) | .Ratio of treated |
Plat 1
Shock | Grain | Shock | Grain
TTPOBLO. - - oo e e e memee 2,332 | 6448
L 70| Gesl ve 0.97

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

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

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

prat Yields (pounds) | Ratio of treated

Shock | Grain | Shock | Grain
i ke s32| 3215
B (-2 71T g .
Control ... 822| 350 } Lo 0.92
Wm’xngrr o8 tl:;im 76| 308 |\
AU . e cccccccccccccccccmcceaan
Control - - cmca 540 254.5 } 1.32 L19
Tote eated 1,548 | 6245
reated . e s
Control .. JlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT 1362| 6045 B L14 1.03

Experiments in 1916.—In the fall of 1915 winter wheat was again
- sown, as it was desired to ig:et a test with the network charged
). negative:}fy, about 45,000 volts, instead of positively as heretofore.
: A powerful static machine was used to supply the current, and it
was run from 4 p. m. to 8 a. m. daily (totaling 800 hours) during
the spring, the fall treatment being omitted.
The plats were divided into eastern and western halves at the
_ time of harvest and again showed considerable variation. The
yields are given in Table 4.

TABLE 4.—Yields of winter wheat on plats following electroculiural (negative)
treatment, section E, Arlington Experiment Farm, in 1916

prat Yields (pounds) | Ratio of treated

Shock Grain Shock Grain

Eastern half:

1,324 | 347.5
1,352 m.o} 0.98 0.85

1,204 3.5
1,002 34.10} 110

2,58 | 6720
I Control ... LIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIT 2444 7uo} 1.03
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Experiments in 1917.—Wheat was again sown in section E in

October, 1916, and allowed to mature the following summer without °

treatment, as an additional check on the soil conditions. At time of
harvest in 1917 the plats were again cut into eastern and western
halves, the south plat being the one which had received the elec-
trical treatment in previous years. The yields are shown in Table 5.

Comparison with the rye yields of 1913 shows that the south

(treated) plat apparently gained slightly in its relative productivity ,

during the five years, but, the change is well within the errors of field
trials.

TABLE 5.—VYields of winter wheat on plats without electrocultural treatments,
sectton E, Arlington Ezperiment Farm, in 1917

Yields (pounds) Rat;%r‘t){l %‘igg‘ to
Plat
Shock Grain Shock QGrain
B plat ) 1,628.0 | 580.5
outh Plat. e ,628. .
NOTth DIat - --nooooooooooooooooooooooio ool 1625.0| 6310 } Lo} 082
W it 1,562.5 |  557.0
outh Plat e , 562 A
North plat 222222 14305 | 5675 } 1.08 .98
otal:
Southplat . _ .. 3,190.5 | 1,137.5
North plat._____JTTIIIIITTITIIIIIIIIIIIIIIIITIN 306405 | 1, 10815 | 1o -95

Ezxperiments in 1918.—In the fall of 1917 winter wheat (Currell)
was sown on the plats in section E, and in the spring a 4-inch mesh
alvanized-iron screen 132 feet long by 15 feet high was erected 20

eet south of the check plat. It was thought that the grounded .

-screen might protect the north plat from the drifting charge, but
later measurements show that it 1s of doubtful value.

The static machine was again used, with the positive pole con-
nected to the network. The number of cross wires was increased
to one every 3 feet. This increased the current and reduced the
potential of the network to about 30,000 volts.

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

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

TaBLE 6.—Y4ields of winter wheat on plats following electrocultural treatment (posi-
tive charge), section E, Arlington Experiment Farm, in 1918

Yields (pounds) Ba?é’c(gnt{fﬁm
Plat
Shock Grain Shock Grain
Eastern 1::(111: 550
Mreated. .. 1,531
(0702117 1) 1,332 518 } L m 1.10
‘Western tg?iu
.................................................... 1,289 481
Control -1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITI 1,307 arlp % -9
Total: tod 050
Mreated. ..o 2,820 1
Control |- 101 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT 2,639 | 1,025 } Lo 1.02
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A general view of the experimental field as it appeared on May 8,
1918, is shown in Figure 1. '

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

A light south wind was blowing the day the measurements were
made. With no charge on the network, a very slight deflection of
the gold leaf could be noticed. With the network charged, however,
the full-scale deflection occurred very rapidly at any point under and
within 20 feet outside the network on all sides, even to the south,
the direction from which the wind was coming. At 50 feet south,
only about 1 division deflection was obtained. North from the net-
work the deflection to full scale was slower and more irregular the
%{eater the distance from the network, and when only 2 feet south of
the screen along the south side of the north plat the maximum deflec-
tion obtainable was about 20 divisions. Just north of the grounded
screen the maximum deflection obtained was about 9 divisions. As
the collector was moved farther north from the screen and into the
control plat, the deflection again increased, until at the center of the
control plat it was off the scale again. The grounded screen along
the south side of the control plat thus ajfordefr little protection from
the drifting charge. At a point 1,000 feet from the network, the
last point observed, a full-scale deflection was obtained. At all

oints beyond 100 feet from the network over the south plat the
Seﬂection was very irregular and unsteady.

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

SUMMARY OF EXPERIMENTS IN SECTION E

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

TABLE 7.—Summary of yields of rye and winter wheat on the south (treaied) and
north (untreated) plats, section E, Arlington Experiment Farm, in siz stated
years

Ratio of yields of Ratio of yields of
Treatment | South to north plats Treatment |South to north plats
Year| Crop of south Year Crop of south
plat plat
Total Grain Total Grain
1913 | Rye. ... None____.__ 0.98 |-cccoconn| 1916 | Wheat___| Negative___ 1.03 0.89
1914 | Wheat.._| Positive..._ 1.02 0.97 || 1917 |.__do..._. None____.__ 1.04 .95
1915 |...do-..__|--- do__._____| 114 1.03 1918 |._.do._.__| Positive..__ 1.07 1.02

It is evident from the summary that the electrical treatment did not
produce any sensible increase in yield. Anexamination of the detailed
results for 1915 shows that the somewhat higher ratios obtained dur-
ing this unfavorable year are due to a marked decrease in yield in
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half of the control plat. Aside from this, there appears to be a gradual
increase in the total yield of the south plat relative to the north one,
irrespective of whether a positive charge, a negative charge, or no
charge at all was used. It is of interest to note that the grain ratios
with a positive charge on the network are all slightly higher than the
ratio in 1917, when no treatment was given; with the negative charge
the reverse is true. This seems consistent, for if increasing the posi-
tive gradient of the electrostatic field tends to stimulate growth, then
to reverse the sign of the field may perhaps tend to inhibit growth.
Op{)osed to this speculation is the fact that the negative field appar-
ently had no effect on the ratio of the total.yields of the two plats.
In brief, while there is some evidence of a slight increase in grain
yield when wheat is grown under a network which is positively chari(:g
to a high potential, the observed effect is so small that it is well withi
the experimental errors of field trials.

EXPERIMENTS IN SECTION B

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

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

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

Yields per acre (pounds)
Ratio of
grain,

Variety Treated half Control half treated to

control

Grain Straw Grain Straw

G. L 1042 s 820 1,740 780 1,360 1.05
CFalte il 1,320 1,920 1,450 2,070 .91
G. L 1974 e ieaee. 1,240 2,520 1,300 | ..o .85

Ezxperiments in 1912.—In the fall of 1911 one variety of wheat,
Currell (Currell’s Prolific), was sown on section B, and the network
was again erected at the height of 7 feet with cross wires 3 feet apart,
as before. The treated and control plats each had an area of three-
fourths of an acre. This year the network was charged with a
Snook-Roentgen set, which consisted of an inverted rotary converter
supplying a 160-volt current to a 1-kilowatt 100,000-volt transformer.
A mechanical rectifier was used on the high-tension side to obtain a

ositive charge on the network, the other terminal of the trans-
ormer being grounded. Even with this set it was not possible to
charge the network much above 50,000 volts. The treatment was
given daily from 3 to 7 p. m., except Sundays and during bad weather.

At harvest the weights shown in Table 9 were recorded.

62149°—26—2
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TaBLE 9.—Yields of winter wheat on plats following electrocultural treatment (posi-
tive charge), section B, Arlington Experiment Farm, in 1912

.Yields (pounds) Ratio of treated to control

Plat
Shock Grain Straw 8hock Grain Straw

Treated. .. .o 3,465 1,154 2,311 } 1.05 1.04 1.08

Control et 3,300 1,114 2,186

Experiments in 1913.—In the fall of 1912 the same plat in section B
was again sown to wheat. The 7-foot network of the previous year
was replaced by a permanent one 16 feet high, with cross wires 10
yards apart. e new network was erected over the northern half
of the plat instead of the eastern half as in preceding years. The
networlg was charged positively with the Lodge-Newman apparatus,
and the treatment was given (f;ily from 4 p. m. to 8 a. m.

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

After the wheat was cut, cowpeas were sown on the B plat on
July 29, 1913.

he static machine was connected to the network (16 feet high),
giving about 40 to 50 kilovolts. The machine (positive charge) was
run four hours a day from 3 to 7 p. m. for 32 days. On account of
the lateness of the season, the cowpeas were cut for hay. After being
stacked and cured, the crop was weighed in the field by means of a
tripod and s,prin§i balance, showing the following yields: Treated por-
tion, 1,807 pounds; control portion, 1,847 pounds; ratio of treated to
control, 0.98.

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

Yields (pounds) R“tioc‘(’fn‘t‘;%’}m to

Plat

Shock Grain Shock Grain

reated - e cececccccccaeaen 3,254 808 }

Control .11 IIIIIIIIIIIIIII I 3130 | 782 1.04 10

Ezperiments in 1914.—Corn was planted in the B plat on May 24,
1914, and the network (16 feet high) was connectedp directly to one
wire of a 6,600-volt 3-phase 25-cycle alternating-current power line
running past the farm. The voltage was on continuously day and
night for 110 days, when the corn was cut and the total weights
recorded in the field. It was then shocked and given time to dry.
Husking was done in the field on October 9, 1914, and the grain and
fodder brought to a platform balance in the barn and weighed. The
superintendent of the farm expressed the opinion that the treated
plat had had some advantage over the check plat as regards soil-
moisture conditions. The yields shown in Table 11 were recorded.
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TaBLe 11.—Yields of corn on plats following elecirocultural treatment (alternating
charge), section B, Arlington Experiment Farm, in 1914

Yields (pounds) Ratio of treated to control

Plat
Green Dry. Grain Green Dry Grain
shocks | shocks | (on cob) | shocks | shocks | (on cob)

L16 L0 L28

Treated 16,031. 5 4,060 2,892 }
Control.... . 13,775.5 3,952 2, 260

Ezperiments in_1916.—The corn was followed by rye which was
sown in section B on October 22, 1914. The 6,600-volt treatment
alternating charge was started November 5 and maintained continu-
ously till June 24, 1915. This year at time of harvest each plat
(treated and control) was divided into eastern and western halves,
and each section was weighed separately to show any inequalities in
soil conditions. ’

The yields recorded at harvest showed a lack of uniformity in the
plats, but gave no. evidence of a sensible increase in yield due to the
electrical treatment. The results are shown in Table 12.

TABLE 12.—VYields of rye on plats following electrocultural treatment (alternating
charge), section B, Arlington Experiment Farm, in 1916

Yields (pounds) | Ratio of treated to
Plat

Shock Grain Shock Grain

1, 532 565
Lo m| LB 108
1,304 481
1,408 515 } -93 .98
: 2,836 | 1,046
Control - 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIITT 2758 | 1,040 L3 Lo

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

TABLE 13.—Yields of winter wheat on plats without electrocultural treatments,
section B, Arlington Experiment Farm, in 1916

Yields (pounds) Ratio of north to

h pl
Plat south plats

Shock Grain Shock Grain
Et‘sN tlf:wl: t 1,568 |  456.5
orth pia! y
South plat 1660 | 5420 } 0.95 0.84
‘Western half:
North plat 1,48 |  403.5 }
So%th at 1,752 |  467.0
otal:
NOPER PIBE - - oo oo oo 3,016 | 8610 8
South plat_ ... IIIIIIIIIIITIIIII 3,412 | 1,000.0 .
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SUMMARY OF EXPERIMENTS IN SECTION B

The 1916 results show about 15 per cent difference in the yield of
the plats when no electrical treatment was used, the control plat
giving the higher yield. During the preceding three years the yields
of the two p%ats were approximately equal. ng the 1916 results are
accepted as indicating t%e relative productivity of the two plats
under normal conditions, the conclusion follows that during the pre-
ceding three years the electrocultural treatment increased the yield
15 per cent or more and that an alternatin%lcharge on the network
was equally as effective as a high positive charge. During the time
the network was connected to the alternating-current power line the
charge was changing sign 50 times per second, the maximum gradient
was about 1,500 volts per meter, and there was no appreciable ioniza-
tion at the network. The conditions were so different from those
prevailing when the network was charged to a steady high positive
potential that it seems highly improbable that the effect on the grow-
ing crop would be the same unless the effect is nil under both condi-
tions, the 1916 results not being representative. The latter conclu-
sion seems the more probable, and this is supported by the experi-
ments in section A which follow.

EXPERIMENTS IN SECTION A

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

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

TaABLE 14.—Yields of soybeans on plats following electrocultural treatments (alier-
nating charge), section A, Arlington Experiment Farm, in 1914

Yields (pounds) - . Ratio of treated to control
Plat
Afte? After | Beans | After After | Beans
cutting | drying only cutting | drying only
Treated oo oo ccccccccccceees 4,003 2,776 811.3 p
Control - LTI 05| US| Rl ow L13 1.04

Experiments wn 1915.—After the plat had been plowed and put in
good shape, rye was seeded on October 22, 1914, and the 6,600-volt
treatment (alternating charge) was started November 5 and main-
tained continuously until harvest. The field was divided into four
_ equal parts when the rye was cut, to get some idea of the soil variation
in the eastern and western halves of the plats. At harvest time the
crop under the network showed a much better growth than the con-
trol plat, but this was probably owing to soil conditions rather than
to the electrical treatment, as indicated by the comparative test the
following year. The yields obtained are shown in Table 15.
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TABLE 15.—Y4elds of rye on plats following electrocultural treatments (alternating
charge), section A, Arlington Experiment Farm, in 1915

Yields (pounds) Ratio of treated

to control
Plat
Shock Grain Shock Grain
East’}a‘rn lg:(lif:
reated. .ol 1,270 469
Control __--11IIIIIIIIIIIIIIIIIIIIIIIIIII T " 868 363 } 148 12
wegS i :
reated. ool 1,392 512
Control ... 11111l " 890 337 } L3 L8z
Total: tod
reated. . .. 2, 662 981
Control ... I 1,758 700 } L51 1.40

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

TaBLE 16.—Yields of rye on plats withoul electrocultural treatments, section A,
i Arlington Ezperiment Farm, in 1916

Yields (pounds) | Ratlo ofnorth
Plat
Shock | Grain | Shock | Grain
R L8z | &7
South ST 1,328 400.5 } 136 136
ot e 1,802 |  590.5
South - TTTITIIIITIIIIIIIITIIIIIiIITIoionii 1230 | 3935 } L5 L%
TOt%Orf h Mmmmcececcceemec—cemmm——————e 3,684 1,147.5
South_ .- IIIIIIIIIIIIITTIIIIIIIIIIIIIIIITIIIT 2558 | 8030 } L4 L4

SUMMARY OF EXPERIMENTS IN SECTION A

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

ELECTROCULTURAL EXPERIMENTS IN THE PLANT HOUSE
TRANSPIRATION

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

The initial weights were taken on February 15, 1913, and the
plants were allowed to grow until February 20 without treatment,
to determine the relative transpiration of two sets of six pots each.
One set was then placed under an insulated frame covered with
galvanized-wire screen of 14-inch mesh, while the control set was
protected from the discharge by being placed inside a Faraday
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ca§e of 14-inch mesh. The frame was connected to the ositive/
?0 e of the static machine, the other pole being grounded. The
rame was charged four hours a day, from 3 to 7 p. m., from February
21 to March 24. The plants were again allowed to grow without
treatment from March 25 to April 7. During each period weigh-.
ings were made to determine the loss due to transpiration, and
water was added when necessaﬁy to maintain approximately the
initial moisture content of the soil.

Table 17 shows the rate of transpiration for each pot during the
three periods and the ratio of the treated to the control set. It
will be noted that during the period of treatment no sensible change
occurred in the transpiration ratio.

TaBLE 17.—Transpiration rate of geranium plants in pots under electrocultural
treatment in the plant house at Washington, D. C., in 1913

Transpiration rate per hour (grams)

No treatment Treatment perlbd No treatment
Pot designation

Feb. 15| Feb. 17| Feb. 20| F0: 35| Mar. 1| Mar. 5 | Mar. 13 M8r- 24 Apr.1

tol7 | to20 | to25 Mar, 1| ©03 to13 | to24 Apr.1 7

3.6 5.1 5.1 2.9 8.3 8.0 8.8 7.7 10.5

3.3 4.7 5.1 3.4 8.4 8.0 9.5 8.2 10.9

2.9 5.3 4.8 2.9 8.1 7.6 9.0 7.7 10.9

2.6 4.7 4.4 2.9 7.7 7.4 9.4 8.9 1L 4

4.3 6.1 6.4 3.3 9.7 7.9 7.7 6.8 10.4

2.1 5.0 4.9 3.2 7.9 6.8 87 | 86 1.4
313 515| 511 3.10| 835| 7.61| 88| 7.98| 1001

3.1 4.2 4.3 2.8 7.0 8.5 8.4 9.1 1.1

3.3 5.7 6.0 3.7 8.6 8.0 8.6 7.3 10.7

3.3 4.6 5.2 3.4 8.1 7.6 8.9 8.2 10.6

3.6 5.0 4.9 3.2 8.0 7.6 8.9 8.4 10.9

4.3 5.7 5.9 4.0 9.0 8.2 8.1 7.1 10.3

3.6 5.3 5.5 3.5 8.7 8.4 8.6 7.4 10.6
3.53 5.08 5.30 3.43 8.2 | 7.71 8.58 7.91 10.70
Ratio of treated to control___ 89 1.01 97 91 101 .99 1.03 Lo1 1.02

The total transpiration from the treated and control sets of potted
era{ﬁum plants for the three experimental periods is given in
able 18.

TaBLE 18.—Total transpiration of geranium plants in pots during the three experi-
mental periods in the plant house at Washington, D. C., in 1913

Total transpiration (kilo-
grams)

Designation No treat- ’g':::- No treat
men ment,
Feb. 15 Mar. 25

Feb. 21 to| .
t020 [N o8°|to Apr. 7

Treated set._.__ B e o e e mme e e memmm—m e —mm e 3.
Control set 3.
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WATER REQUIREMENT

An investigation of the effect of a high potential gradient on the
water requirement of cowpeas was undertaken in a plant house
during the winter of 1918. Eighteen large galvanized-iron cans,
each holding about 125 kilograms, were filled with well-mixed soil
and fitted with ?ecia.l covers to prevent evaporation. The cow-
peas were planted through holes in the covers, the openings being
sealed with wax. The pots were weighed at the beginning and at
the end of the experiment, and a recortgi was kept of tge water added
to each pot, from which the total quantity of water transpired by
the plants in each pot could be determined. In brief, the procedure
was that followed by Briggs and Shantz (10, 11) in their water-
requirement measurements.

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

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

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

Thg plants were cut May 2, after 54 days of treatment for 16 hours
each day (from 4 p. m. to 8 a. m.), and they were dried at 100° C.
and weighed. The water requirement of the plants in each pot
was computed by dividing the total weight of water transpired
by the dry weight of the crop. The mean water requirement for
each set of six pots with its probable error was as follows: For the
treated set, 449 +4; for the control set, 429+5. A slightly higher
water requirement is thus shown for the treated set, the observed
increase being 4+1.2 per cent. If some of the water molecules
escaping through the stomata of the leaves carried a positive charge
they would move away from the leaf more rapidly than under normal
conditions, owing to the strong electric field. This would be equiva-
lent to a virtual increase in the vapor pressure gradient near the
leaf and would tend to increase the evaporation rate. Although the
above suggestion is highly speculative, it would be of interest to
repeat the experiment, applying the electric charge during the
daylight hours when the transpiration rate is highest.

SUMMARY OF EXPERIMENTS AT ARLINGTON EXPERIMENT FARM

Electrocultural experiments extending over a period of cight years
have been conducted at the Arlington Experiment Farm, Rosslyn,
Va., for the purpose of determining whether a highly charged network
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will increase the yield of crops growing under it. The electrical
treatment was usually given during the early-morning and late-
afternoon hours. The general experimental procedure was similar
to that employed in experiments in England in which the electrical
treatment 1s reported to have given increased ﬁ)lrlields.

These experiments do not show any well-defined increase in yield
due to electrical treatment. There is an indication of a s{ilght
increase in the yield of wheat when grown under a positively charged
network, but the observed increase is well within the experimental
error of field trials.

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

TABLE 19.—Summary of the results of the electroculiural experiments in sections A,
B, and E, Arlington Experiment Farm, in stated years -

[The treated and control plats in sections A and B were each three-fourths of an acre in area; those in section
E half an acre each, separated by an interval of 350 feet. Abbreviations and symbols.—Column 2: C=Cow-
peas (crop cut for hay); R=Winter rye; S=Soybeans; W=Winter wheat. Column 3: Numbers refer
to preoecﬂng tables. Column 4: A=25-cycle alternating current; N=No treatment; —=Negative
direct current; +="Positive direct current. Column 12: *=Yield of plats treated in previous years]

- | Ratio of
Network treatment Yields (pounds) treated
control
Descrip-| mimg of
gh(;lrug%tg{ ﬂ;;gt_o‘ tr(%stme)nt Dry shock Grain
ours;
Section and date | Crop work
C) g
g 2 E §
g AR %
H HERE i S5/ 32829
2 i ] é =l
IR IR R LRHE
1 2 3 | ¢ 1 6 |17 9 10 11 12 18 (1416
A 1. 13|1. 04
A 1.51]1. 40
N 1.44(1.43
+ 1. 05/1. 04
+ 1. 04(1. 03
+ .|
A 1.12]1.28
A 1. 03(1.01
N .88 .85
N .98
+ 1.02| .97
+ 1.14{1. 03
1916 _______ Weeeeol| 4] — 2, 528 12,444 1.03| .89
1917 W 5| N 3 1,198. 5/1. 04| . 95
1918 ____ Wi 6| + 1. 07]1. 02
1From4p. m.t68a. m. 3 From 4 to 7 a. m. and from 5 to 8.30 p. m.

2 From 3 to 7 p. m. 4 Plats separated by grounded wire screen.




ELECTROCULTURE 17

Plent-house experiments were also made on the effect of an electric
charge on the transpiration rate and the water requirement of plants.
The effect observed was well within the errors of experiment.

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

‘REVIEW OF OTHER INVESTIGATIONS IN .ELECTROCULTURE

Electrocultural experiments may be divided into two main classes:
(1) Those in which the soil is the medium of conduction and (2)
those in which the air is the medium of conduction. Experiments of
the first class cover the use of soil currents resulting (1) from an
externally applied electromotive force, (2) from the galvanic action
of the soil moisture on zinc and copper plates buried in the ground,
and (3) from the use of metallic uprights designed to collect and
carry atmospheric electricity to the soil. Experiments of the second
class are those in which the normal air-earth current is increased by
means of a highly charged network over the plants or decreased by
inclosing the plants in a grounded. cage made of metal screen. .

EXPERIMENTS WITH SOIL CURRENTS

Among the first experiments with soil currents on a large scale
were those by Ross, prior to 1844, (44) in New York. He buried a
copper plate 5 feet by 14 inches perpendicularly in-the earth with
the 5-foot edge horizontal, and at a J;stance of 200 feet a zinc plate
of the same dimensions was similarly buried. The two plates were
connected above the ground, forming a galvanic cell. Potatoes -were
drilled in rows between the plates and also in a similar plat without
plates. At the end of the experiment some of the potatoes from both

lats were measured, those from the treated plat averaging 214
inches in diameter, while those from the control averaged only half
aninch. The total weights at harvest are not given, and conclusive
assurance -that the two areas were of equal fertility at the outset is
lacking. The supposed beneficial effect 1s rendered doubtful through
the :ﬁ)se uent giscontinuance of so simple a treatment.

About this time Solly (46) conducted in England 70 small tests
similar in grinciple to those of Ross, the plates being 4 by 5 inches
and spaced only 6 inches apart. Grains, vegetables, and flowers
were planted between the electrodes. On comparing the appearance
of the treated and untreated plants a beneficial effect was recorded
in 19 cases, a harmful effect in 16 cases, and no effect in 35 cases.
Solly }(lzoncluded that electricity has practically no effect on plant

rowth.

g Fitchner (16) has recorded large increases from treatment with
alvanic currents. From his figures alone the experiments would
indicate increases of 16 to 127 per cent due to treatment. The
statement was made, however, that the treated plats were provided
with drains but that the control plats were not. Such conditions do
not constitute good experimental practice and leave the results open
to question. This same objection holds for accompanying experi-
ments on the decomposing action of the galvanic current on soil.

62149°—26——3 -
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In 1881, F. Elfving (15) undertook an interesting series of experi-
ments with different seedlings growing in culture solutions through
which he passed battery currents of different strengths. After
germination the seedlings were mounted on corks which were floated
in the solution between electrodes 6 by 4 centimeters in size. He
found that in nearlK every case the root would turn and grow in a
direction against that of the electric current. Plates of carbon,
zinc, and platinum were used, and all gave the same effect. Elfving
attributes this phenomenon of orientation to the slowing up of the
growth on the-side of the root toward the positive pole. ~This same
phenomenon was noticed by Plowman (40, 41) in 1902-03.

Holdefleiss (23) in 1884 selected several rows of sugar beets in a
field which showed a good stand and uniform conditions. In this
field copper plates 50 centimeters square were sunk perpendicularly
in the ground 50 centimeters deep, so that the plates included two
rows of beets. At the other end of the rows, 56 meters distant,
other plates were sunk, and between the two a 14-cell Meidinger
battery was connected. This same arrangement was used on a potato
field. Further experiments were conducted with copper and zinc
plates 33 meters apart connected by a solid copper wire. The report
of the experiments stated, in substance:

(1) That an electric current was present on all treated plats throughout the
season, its presence being determined by a sensitive electrometer; (2) that the
rows of beets and potatoes between plates which were connected to the battery
showed no difference in growth at any stage of their development; (3) that the
beets and potatoes in rows between the zinc-copper combinations assumed: a
somewhat fresher and stronger appearance about 10 days after the beginning of
;28 experi;’nent, and the harvest showed an increased yield ranging from 15 to

per cent. oo

It should be remembered, however, that in experiments with soil
currents the path of the current is not wholly by the most direct
route from one electrode to the other, but that the lines of flow
spread out through the soil in a way similar to the spreading of the
lines of force between the poles of a bar magnet. C

Experiments conducted by Wollny (48) included five plats 4 by 1-
meter each in size separated by a path 1.2 meters wide and by boards
sunk 25 centimeters in the ground. On plats 1 to 3 a zinc plate
-was sunk at both of the narrow sides, amf) these were connected as
follows: Plat 1, induction coil operated by three Meidinger elements;
plat 2, a battery of six Meidinger elements; plat 3, a battery of
three Meidinger elements. On plat 4 a zinc plate was sunk on one
end and a copper plate at the other, the two Eeing connected above
Eround by a copper wire. Plat 5 constituted a check or control plat.

ach plat was divided into four equal parts 1 square meter each
in area and seeded. Numbers of plants up on different dates showed
practically no effect for any of the different treatments. The yields
recorded at harvest time, based on an equal number of plants per
square meter, are shown in Table 20.
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TaBLE 20.—Y4elds of rye, rape, bean, and potato plants after electrocultural treat-
ments in 18883, according to Wollny

LB
Yields per square meter (grams)
Plat Treatment
Rye, Rape, Beans, | Potatoes,
42 plants | 42 plants | 42 plants | § plants
-| Induction. . 182.0 114.8 517.5 372.1
6cells.____ . 219.8 9.5 514.5 310. 5
3 cells.. JO. 197.8 103.0 420.0 315.3
R 7 6.1 T/ « DN 201.6 114.7 600. 0 397.8
Control. . _________ . 228.7 118.7 631.0 377.6

These records show that in nearly all cases the control plat gave
the best yields, but further experiments were conducted in 1886 and
1887. The ground was well worked over, and four plats 16 by 2
meters were selected, separated from each other by paths 1.2 meters
wide and bordered by wooden lath walls. Each plat was divided
into eight smaller plats 2 meters square and all were given equal
applications of manure. On the small ends of the four large plats
zinc plates 2 meters by 30 centimeters in area were sunk perpen-
dicularly and connected above ground through an induction coil
operated by 4 or 5 cells for plat 1 and through a 4 or 5 cell battery
for plat 2.  Plat 3 served as a control, and plat 4 had a copper plate
at one end directly connected by a copper wire with a zinc plate at
the other end. Diagonally lying plats ‘were planted with the same
crops, the grains being (gill):d to give a umiform planting. The
presence of a current on all treated plats was noted gy the use of a
slalva,nometer. Throughout the season there was no - perceptible

ifference in growth between treated and control plats during either
year. The comparative-yield weights are shown in Table 21.

TABLE 21.—Yields of vegetable crops after electrocultural treatments in 1886 and
1887, according to Wollny ’ :

Yields per plat 2 meters square (grams)
Plat Treatment Pot N

ota- ur-

Rye | Rape Peas Beans Corn toes Beets nips
Induction..... 113.3 | 339.0 (| 1,420.0 | 2,040.0 6,400 | 28,400 | 22,250
-] 5 cells - 61| 300.5| 1,570.0 | 2,410.0 |___.___. 4,650 | 24,420 | 18,080
Control .8 | 405.8 | 1,380.0 | 2,220.0 |.___._.._ 6,620 | 28,100 | 21,520
Z .9 | 418.0| 1,400.0 | 2,190.0 6,670 | 29,400 | 20,800
.0 775.0 548.0 690. 5 (1,962.8 8,350 | 19, 640 17,850
. 755.0 588. 0 607.0 (1,923.6 | 8,190 | 17,650 18, 270
773.0 592.0 584.2 |1,913.6 | 8,410 | 18,900 | 18,460
761.6 571.0 465.0 [2,072.9 | 8,920 | 16,320 | 19, 660

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

Leicester (29, 30) used boxes of soil 214 by 3 feet in area, with
copper and zinc plates connected above ground. Control boxes
without plates were included. After several trials with different
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kinds of seeds, it was found ‘that in every case the seeds grew much
quicker in the boxes containing the plate. Hemp seed was fully an
inch above the surface before controls showed any plants. The
‘observation was made also that plants in the zones nearest the plates
‘were the first to come up. W}:itering with dilute acetic acid was
found to cause quicdker -growth for treated plants—possibly because
of increased current resulting from the acid-metal reaction. Upon
repeating these experiments, Leicester decided that the only action
of the current was to stimulate the plant until the initial store of
food was used up. No data were recorded in either of his reports.

Berthelot (3) conducted some tests with soil currents to determine
‘whether electricity aided in the fixation of nitrogen by plants. Suit-
able control plats were provided. He reported that the treated
plants grew much more rapidly, being nearly twice the weight of
the -control ;plants at the end of four to six weeks. Although not
complete or definite, the experiments were abandoned for various
reasons.

Kinney (27) made an extensive series of experiments to determine
the influence of electrical currents on germination. Seeds were sub-
jected to different current strengths for different periods of time and
‘then put in suitable germination apparatus and the subsequent
growtlg noted. An intermittent treatment of 30 seconds per hour
was given in some cases, arranged by clock contacts. Two different
arrangements were used for the treatments. In one a %}ass cylinder
containing the seeds was equipped at each end with electrodes.
These were pressed against the seeds through which the current was
thus directly passed. In the other, the seeds were placed in wet
sand held between perforated metal disks, which were used for the
electrodes. The entire layer was held in a glass funnel in which the
growth of the radicle could be measured without removal. Eight
sets of 25 seeds each were used in each test, one set being the control
and the other seven receiving different strengths of current. Experi-
ments with barley showed that the growth of treated seeds increased
as the current strength increased up to a certain optimum value,
above which the growth decreased with increase in current strength.
With white mustard, rape, and red clover the optimum treatment
for both roots-and stems was identical. )

Plowman (40, 4I) has recorded the results of experiments con-
ducted at the Harvard Botanical ‘Gardens on the influence of soil-
conducted currents on plant life. Platinum or carbon electrodes

“were used, with potentials ranging from 5 to 500 volts. The regu-
lation of temperature was a serious difficulty—a fact mentioned for
the first time in connection with such experiments and one that ma;
have been ignored in earlier reports. Plowman found that seeds
near the-anode were always killed by a current of 0.003 ampere or
more if continued for 20 hours. Seeds at the cathode were little
affected by currents less than 0.08 ampere.

Gerlach ‘and Erlwein (19, 20), at Bromberg, investigated ‘the
effect of wedk soil currents on fgermination and growth. The field
was mdde up of seven plats of 200 square meters each. Current
was taken from a car line and led to the three treated plats, which
were provided ‘with iron plates .20 meters long 'by 30 centimeters
wide and 2'mijllimeters thick sunk into -the soil at both ends. Each
of the seven plats was seeded half with barley and half with potatoes.
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The treatment continued 24 hours a day for 86 days for barley and
139 days for potatoes, beginnin® in April. Both barley and potatoes
showed excellent growth, but no differences between the treated and
control plats were discernible at any time. Other experiments
were conducted with plants grown in boxes provided with copper
and zinc dplates connected overhead by wires. Trials with rye,
wheat, and lupine gave no difference between treated and untreated
crops.

omberger (24) reported that the passage of high-frequency
currents through the soil was beneficial to plant growth. His
experiments were conducted on a small scale, using flowerpots with
o a few plants, the treatment consisting of three applications
daily until the temperature of the soil reached 35° C., when the
current was cut off. The leaves and stems of the treated plants
showed more chloropl‘grll than the controls. A photograph shows
one pot each of treated and control plants, the treated plants being
about five times as high as the others. In order to determine
whether the heating was the main cause of increased growth another
pot was subjected to test currents for five minutes daily. These
plants were about four times the height of the controls when photo-
graphed. From these comparisons Homberger concluded that the
oscillating field and not the temperature was the main cause of the
stimulation, and he believed his results to be due to chemical changes
taking place under the influence of the oscillating electromagnetic
field, analogous to the catalytic action of light.

In 1907 (17) and 1909 (I18) Gassner reported upon experiments
with charged soil which indicated a general unfavorable action upon
plant growth.

Kovessi (28) obtained unfavorable results in researches involving
some 1,100 experiments.

Considerable publicity has been given to an apparatus called a
‘““geomagnetifier,” a sort of lightming rod desigﬁ]ed to gather in
atmospheric electrical energy and supply it to the crops. Amo
those who have reported favorable results through the use of su
apxaratus are Maccagno (35), Basty (2), and Paulin (39).

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

EXPERIMENTS WITH MODIFIED POTENTIAL GRADIENTS

Grandeau (21), in 1878, reported studies on the effect of the
electrical condition of the atmosphere upon the growth of vegetation
He grew plants in a Faraday cage consisting of four iron rods 1.
centimeter in diameter by 1.5 meters hi%h, holding fine iron wires
forming 15 by 10 centimeter meshes. The cage was grounded in
order to destroy the normal electrical field. Experiments were .
made with tobacco, corn, and wheat. The plants under the cage
were reported weak and slender. Six stalks of wheat grown Iin
free air weighed 6.57 grams, as compared with 4.95 grams for six
stalks grown under the cage.

Grandeau was led by these experiments to the belief that high
trees act as a oundedy network, in that they shield the vegetation
beneath their foliage from the action of the normal electrical field,
thereby causing a decreased raté of growth. With a sensitive
Thompson electrometer, he compared the strength of the field in the
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open with that under vegetation. The results indicated that under
trees and shrubs the potential gradient was i}x{‘eatly reduced. The
experiments of Grandeau were confirmed by Mascart (36).

As opposed to the conclusion of Grandeau, the modern greenhouse
of steel construction constitutes in itself an approximation to a
Faraday cage about the plants growing within it, and yet the develop-
ment of the plants is surely not seriously impaired in consequence.
Likewise, Briggs and Shantz (10, 11), in their investigation of the
water requirements of plants, carried hundreds of pots of plants to
full maturity under a grounded metal framework, covered above and
on the sides with metal screen of 14-inch mesh, which must have
annulled the normal electrostatic field; yet the plants grown within
the inclosure were almost without exception superior in development
and luxuriance of foilage to those grown in similar pots outside.

Lemstréom (32) conducted in Finland a long series of experiments
to determine, if possible, the influence of static electricity on plant
growth. The presence of strong electric charges in the atmosphere
of northern regions, as indicated by the northern lights, linked with
the astonishing development of vegetation in such regions, led him
to regard atmospheric electricity as an imll)ortant factor in plant
growth. Garden vegetables, fruits, and small grains were subjected
to several different treatments in these investigations both in green-
houses and in open fields. Lemstrém summarized the results of his
experiments as follows:

(1) The real increase due to electrical treatment has not yet been exactly
determined for the different plants, but we are approaching its smallest value by
fixing it at 45 per cent.

(2) The better and more scientifically a field is cultivated and manured, the
greater is the increase percentage. On poor soil it is so small as to be scarcely
perceptible.

(3) Some vegetables can not endure the electric treatment if they are not
watered, but then they will give very high percentage increases. Among these
are peas, carrots, and cabbage. .

(4) Electric treatment when accompanied by hot sunshine is damaging to
most vegetables, probably to all; wherefore if favorable results are to be arrived
at the treatment must be interrupted in the middle of hot and sunny days.

Experiments similar to those conducted in Finland were conducted
in England, Germany, and Sweden with like results. A detailed
description of all of these experiments may be found in “Electricity

_in Agriculture and Horticulture,” by Lemstrom (32).

Priestley (42, 43) reported on the experiments of Newman (37)
at Golden Valley Nurseries at Bitton. X small Wimshurst machine
was used, one terminal of which was grounded and the other connected
to wires suspended over outside plats and also to wires in seven glass-
houses. The wires were hung 16 inches above the tops of the plants
and were provided with discharge points hung at short intervals.
The machine was operated 9.3 hours a day for 108 days between
March 27 and July 26, the first half of the period in daytime and the
latter half at night. Control plats were provided in all cases similar
to the treated glats except without wires. The results recorded
are given in Table 22.
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TABLE 22.—Results of electrochemical treatment of garden crops at Bitton, as
reported by Newman

Crop Treated

plants Notes
Per cent
Cucumbers, increase. ... ____ . _____.___________._.. 17 Less subject to bacterial disease.

5-year plants, increase.. -
li‘-iyem- plants, increase.
Bro: , decrease... .
Cabbage.

80 More runners produced.
15 5 days earlier.

Celery, InCrease. _ - oo oo oo 2 10 days earlier.
Tomatoes (no difference)

Durinﬁ the same year an installation was working at Gloucester
with higher voltage and wires 5 feet from the ground. The following
results with treated plants were reported: Beets, 33 per cent increase
and hjiher total sugar content; carrots, 50 per cent increase; turnips
showed an increase, but the percentage was not recorded owing to

slugs.

Ign 1906 Newman (37) and Lodge (33), at Evesham, began some
electroculture experiments using about 40 acres, 20 of which were
electrified with a network 15 feet above ground. The Lodge ap-
paratus was used, 22 poles carrying the wire over the area, with small
wires 12 yards apart. These experiments were continued several
_years. The results are summarized in Table 23.

TABLE 23.—Results of electrochemical treatment of crops at Evesham in stated
years, as reported by Newman

Electri-
Year and crop fled Notes
crops
906:
‘Wheat (electrified area 12 acres)— Per cent
Sound 11 orbduced & bester bakng fonr. " The
oun produced a better ing flour. ]
g%}ﬁ;ﬁf:ﬁse """"""""" gg somewhat r yield from the control plat was
Lttt ettt et probably due to deficiency in lime, afterwards
rectified.
1907: .
‘Wheat (electrified area 11 acres), in- { 29
crease. 18 Estimated by cartloads.
mStrawberries, increase 25
‘Wheat (electrified area 7.68 acres), in- 4.3
ase,

crease,
Strawberries, decrease... .
Tomatoes, increase.
Cucumbers, in

9 Dry season.
30 By weight per plant (average).
8.4 | By number (average).

Newman reported later (38) that during seven successive years
(1905 to 1911) wheat gave an average increase of 21 per cent in weight
of grain and an increase of straw which it was not possible to measure.

otato variety experiments conducted at Dumfries, Scotland, by
Dudgeon in 1911 and 1912 (14) gave the yields shown in Table 24.
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TABLE 24.—Results of electrocultural treatment of potato varieties at Dumfries,
cotland, by Dudgeon in 1911 and 1912

Yield (tons) Yield (tons)
Variety Variety
Treated | Control Treated | Control
Ringleader... ... ... 8.05 5.85 || Golden Wonder._._..._........ 8.74 8.12
‘Windsor Castle_______._______ 11.72 9.88 || Great Scot____________________ 11.79 10.31

In 1912 further experiments at Dumfries were carried on in another
field, exposed to wind from any quarter. Two corners of the 4
acres were treated, the others left as controls. No difference in

ield was recorded, and it is explained that probably all plats are to

e regarded as treated plats.

In 1915 Dudgeon conducted an experiment with oats. The crop
was grown on ground that had been used for similar experiments
on potatoes for three years. Two adjacent plats of 114 acres each
were separated by a well-grounded wire screen 3 feet higher than the
charged network. .A sensitive electrometer showed that the screen
reduced the leakage over the control plat but did not altogether
prevent it. The season was dry and the crop was not heavy. From
early stages the treated plat showed a marked superiority in com-
parison with the control, and did not suffer from the prevailin
drought to the same extent. The electrical discharge was applie
about five hours each day for 108 days. The weights (pounds)
recorded at harvest were as follows: Treated—grain, 1,309, straw"
2,476; control—grain 1,008, straw 1,572.

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

Blackman and Jgrgensen (6) have also reported experiments by
Dudgeon at Dumfries, Scotland, with oats. In a 9-acre field 1 acre
was selected for treatment and two half-acre plats for controls.
The distance between the silicon-bronze wires of the network was 4.5
yards. Current of 3 amperes at 50 volts was supplied to the primary
circuit, giving a greater intensity of discharge than that obtained
in the experiments of the previous years. The discharge was started
just as soon as the crop appeared above ground, and within a month
a marked difference was noted. The treated plants had deeper color
and were higher than the control plants. Throughout the season the
treated crop was 5 to 10 inches higher than the control. Plants
around the network also showed the effect of the discharge. The
total application from %pril 14 to August 17, daytime only, was 848
hours. Heavy rains did a good deal of damage. The comparative
yields were as shown in Table 25.

TaBLE 25.—Results of elecirochemical treaiment of oats at Dumfries, Scotland, by
Dudgeon, as reported by Blackman and Jgrgensen

Yields (pounds)

Field Grain Straw

Quality 1 | Quality 2 | Bunches Total Per bunch

Control 1 (half acre) 630 210 9| 1,218 12.3
Treated (acrel) - 1,942 695 316 4,924 15.6
Control 2 (half acre) 714 210 103 1,401 13.6




ELECTROCULTURE 25

These results indicate a 49 per cent increase in grain and an 88 per
cent increase in straw for the electrical treatment.

The Liverpool City and Electrical Engineers reported on experi-
ments conducted near Liverpool, England, in 1917. Two plats in
newly plowed pasture land separated by about 375 feet were used,
an analysis indicating that the surface and subsoil were of the same
character. Various plant crops were grown, and in general the elec-
trified area gave substantial increases in yield over the control area.
A copy of this report is on file in the Office of Biophysical Investi-
gations, Bureau of Plant Industry.

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

TABLE 26.—Results of electrochemsical treatments of oat crops at Mocheln, Germany,
according to Gerlach and Erlwein

Relative yields Composition (per cent)
Electrical and soil treatment Grain Straw
Grain Straw
Dryter;lat- Nitrogen Dr{;‘“' Nitrogen
No electricity:
Fertilizer, irrigation 26. 60 34.40 01.4 1.94 77.4 0.32
[ I - 28. 80 32.20 92. 4 1.70 76.2 .7
Fertilizel 20. 60 24. 40 ‘87.9 2.13 73.5 .46
L S 20. 90 22.10 80.9 2.04 74.3 .38
No fertilizer, no irrigation. _ 19. 60 19.40 00. 4 1.85 78.8 .32
L 19. 60 17. 40 90.1 1.67 79.8 .32
Direct current:
Positive, fertilizer, irrigation_________. 27.80 36.20 90.4 1.04 71.6 27
Negative, fertilizer, irrigation_ R 27.80 37.20 9.7 1.74 72.9 .24
Paositive, fertilizer, no irrigation. . - 21. 60 24.40 90.5 216 74.5 .36
Negative, fertilizer, no irrigation. . ____ 20. 50 22. 50 91.2 2.07 73.7 .30
Pogitive, no fertilizer, no irrigation. ... 21. 00 23.00 84.4 1.88 76.6 .28
Negative, no fertilizer, no irrigation___ 17.80 18.20 90.4 1.72 78.4 .28
Alternating current:
Fertilizer, irrigation. 26. 20 31.80 91.7 1.81 78.4 .38
Do..... 26. 00 32.00 90.6 1.78 71.9 .23
Fertilizer, 19. 50 21. 50 91.3 2.16 73.2 .33
) 5 1 M 19.90 21.10 89.8 2.11 75.9 .30
No fertilizer, no irrigation__ 18. 00 18.00 9.1 1.84 82.2 .28
b 0 18. 00 18.00 91.4 1.83 85.0 .26

SUMMARY OF RELATIVE YIELDS OF GRAIN AND STRAW

High-tension current

No elec-
Soil treatment tricity Direct
Alter-
nating
Positive | Negative
Grain:
No fertilizer, no irrigation_______________._________________ 19. 60 21.00 17.80 18. 00
Fertilizer, no irrigation.__ 20.75 21.60 20. 50 19.70
smFertilizer, irrigation_________________._____________ 27.70 27.80 27.80 26.10
W
No fertilizer, no irrigation 18.40 23.00 18.20 18. 00
Fertilizer, no irrigation.. 23.25 24.40 22. 50 21. 30
Fertilizer, irrigation 33.30 36.20 37.20 31.90

On the Continent during this period many electrocultural experiments
were carried out, using networks charged to high potentials. Reportsby
Héstermann (22), Gerlach and Erlwein (19, 20), Clausen (13), Breslauer
(9), and others indicate that no benefit may be expected from the use
of the network. The German experiments made use of an extensive
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and variable complex of conditions, designed to include the study of
positive and negative potential in relation to fertilizers and irrigation
“and the relation of these factors to the composition of grain and straw.
The results shown by Gerlach and Erlwein reporting experiments
with oat crops at Mocheln areselected as representative. (Table 26.)

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

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

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

In 1913 Dorsey conducted greenhouse experiments in Ohio with
radishes and lettuce, using a high-frequency current. In a letter to
Doctor Briggs dated August 18, 1913, he reported the relative weights
of %)(l) plants selected at random from each area. These are shown in
Table 27.

TABLE 27.—Results of electrocultural treatments of greenhouse radishes and lettuce
tn 1913, according to Dorsey

Relative weights (grams)

10 plants Radishes Lettuce

Treated | Control | Treated | Control

B 7 SRR 265.7 180.0 67.0 46.1

- Edi - 139. 5 79.4 60.7 418
Tops 120, 5 L2 1 N PR E
Roots

9.3 5.6 6.3 4.3

Dorsey also conducted field trials with a high-frequency current.
The plants used were beets, lettuce, cabbage, beans, melons, cucum-
bers, and tobacco. They were planted in long rows, one-half of each
row being under the charged network. The treated plat covered
about half an acre. The network was 9 feet above ground with wires
15 feet apart and carried a voltage of about 50,000 at an estimated
frequency of about 30,000 cycles. The power was taken from a
7}/;l kilowatt 220-volt transformer supplying 11,000 volts at 60
acycles and exciting an oscillating circuit containing the network as
capacity. Treatment was given daily, three hours in the forenoon
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and three hours in the afternoon. A generally favorable influence for
the discharge treatment was reporteﬁ. Unfortunately total weights
were not included. The results for the second year were generally
unfavorable for the discharge treatment, and Dorsey concluded that
erhaps slight differences 1n the slope of the two plats may have
ﬁeen responsible for the favorable results of the first year.®
At the present time perhaps the best evidence of plant response to
electrical discharge is that obtained by Blackman (4, 4, 6, 7, 8)
of the electroculture committee of the British Ministry of Agricul-
ture and Fisheries. His experiments extend over a period of years
and comprise field trials, pot cultures, and laboratory tests, all of
which he interprets as affording converging evidence for a favorable
growth response to the application of electricity. On account of the
practical possibilities associated with a treatment assuring increased
owth it seems desirable to examine in some detail the data which
ve given rise to this assurance.
The field - trials carried on in England by Blackman and his as-
sociates have given the results which are summarized in Table 28.

TaABLE 28.—Results of electrocultural: treatments of grain crops in England, as
reported in field experiments by Blackman

Acreage Duration Yin(s%)%splfglsa)m Ratio of

Crop and year Location . of treat- ’ treated to
ment control

Treated | Control | 9r8) | mreated | Control
Oat:
1.5 1.5 557 20.7 16.0 1.29
1.0 1.0 848 62.8 42.0 1.49
.33 .33 1,060 54.8 48.9 112
.33 .33 1, 060 42.2 4.9 .93
.33 .33 1, 060 36.9 38.1 .98
.25 .06 704 75.5 56. 1 1.34
.25 .06 704 84.9 58.4 1.45
.25 .08 704 80.4 46.3 173
.11 .11 710 36.6 45.2 .80
- .11 .11 710 45.1 43.8 1.02
1919 |- do. 1 11 710 53.3 2.9 1.84
1919_ Harper Adams Agricul- .50 .33 456 47.0 53.6 .87
tural College.
1919 |- 0. .25 33 456 63.8 48.2 1.32
1919___ —--do.... - N PN 50.8 48.2 1.05
919 ______|.___. do. .50 33 456 60. 2 69.6 Lol
1920. Lincluden_. .11 .11 911 36.2 44.8 .80
1920 _|-__.__ 0. 11 .11 911 43.5 46.1 .04
1920 . ___|-__-_ do. 11 .11 911 51.8 33.0 1.56
1 Harper Adams Agricul- .33 3317 793 50.0 56.0 .89
tural College.

793 52.5 56.0 .93
1, 500 17.8 13.1 1.35
643 4.7 36.4 1.22
643 47.4 52.7 .89
643 40.4 36.3 L11

786 3.7 20.5 | 1.07 .
786 33.0 25.17 1.31
854 21.4 14.3 1.49
854 2.3 17.4 1.28
27 18.84 20.4 .92

727 18.35 18.24 1. 006
8448 7.6 lg. 8 . ;g
940 } 13 | &3 1.15

S I X IERTIN

l,'lgirrespondence with the Office of Biophysical Investigations, Bureau of Plan‘t industry, September

.
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These tabulated values are in many ways not subject to biometrical
analysis; they represent the results of experiments carried out with
varied complexes of soil, season, acreage, crop, and electrical treat-
ment. Nevertheless, in the absence of any definite knowledge con-
cerning the conditions under which an electrical treatment may be
presumed to be most effective there is perhaps no better index than
a comparison. i

Of 33 trials shown in Table 28, 21 indicate an increase for treated
areas, whereas 12 indicate a decrease. The treated areas return a
yield represented by the range 76 to 184 when the untreated areas
return a yield represented by 100 and give an average increase of
14 per cent. This increase is based upon yields reported for experi-
ments regardless of crop or seasonal normality, and Blackman esti-
mates the more reliable experiments as indicative of an average
increase in yield of about 22 per cent. In either case, such an in-
crease would seem sufficient to be of promise from an agricultural
standpoint. If an attempt is made to determine from these tabu-
lated values the conditions under which the increases were obtained,
serious difficulties are immediately encountered.

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

TABLE 29.—Comparison of the results of electroculiural experiments with oat crops
at Lincluden, England, in 1919 and 1920

Relative yields of elec-

Acre yields of control trified areas, the con-

plats (bushels) trols being taken as

Area 100
1919 1920 1919 1920

Section I_. o icicceao. 45.2 4.8 80 80
SN 43.8 46.1 102 94
18 N 28.9 33.0 184 156

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

he most consistent series indicating favorable response to electrical
treatment appears to be the 1918 oat trials at Lincluden. The plats
in oats at Lincluden gave the average annual yields shown in Table
30.

The yields from the electrified areas in 1918 secem to have been
so exceptional compared with the electrified areas for the three
other years that one may question whether it is justifiable to attri-
bute tﬁe increase solely to the electrical treatment.
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TaBLE 30.—Analysis of the average results of electrical treatments of oat plats at
Lincluden, England, in the years 1917 to 1920, tnclusive

Average acre yields | - Average acre yields
(bushels) Ratio of (bushels) Ratio of
Year treated to| Year treated to
control control
Treated | Control Treated | Control
1917 _ 4.6 4.0 1.01 || 1919 _______________ 45.0 39.3 1.14
1918 ool 80. 2 53.6 1.49 (| 1920 _____.__. 43.8 41.3 1.06

The instances specifically considered in Tables 29 and 30 comprise
the most notable of the percentage increases reported by Blackman,
as shown in Table 28, and they are therefore in a large measure the
basis of the 22 per cent average increase reported. One is thus left
without definite assurance that the field experiments demonstrate
a favorable response to the electrical treatment.

The pot-culture experiments in England by Blackman and his
associates gave results which are summarized in Table 31.

TABLE 31.—Results of elecirical pot-culture experimentis with grain crops in Eng-
land, according to Blackman

Yi Yiel
felds (grams) Ratio of elds (grams) Ratio of
Year and crop treated to Year and crop treated to
Treated | Control | control Treated | Control | control
1018 0.72 N 0.98 1920 15. 66 1.07
Wheat.. ... { Kel omff %% Maize.......... { 1530 | 1452 { 1.05
1.43 1.02 23.84 .99
Maize.._....... % gi 1.39 . g; Barley......._. { 2%, :?é 23.88 L 111(7)
2.28' .98 17.66 : 1.08
2,12 2.30 .92 Wheat_________ 17.11 16. 22 1.05
Barley......... 1 g . !;g 1921: 18.76 L15
117 1.20 100 ’ 10.60 103
112 188 e |f 1020 L14
812 Lod 40 N g6 107
8.37 7.78 1.07 37.2 . 1.18
Maize.......... 7.41 .95 Barley__._.____ 49.2 1.05
10. 84 1.26 53.0 46.5 1.13
10. 36 8. 54 1.21 48.5 1.04
10.85 1.27 51.9 111
1919: 22.8 21.2 1.07
5.70 5. 62 1.01 15.5 15.6 .99
68| 567 N 14.27 ' ‘01
Maize_..._._... 1§' % 2.32 1 g """""" ig g 16. 60 . i (}2
16.03 } 17.28 92 y
}g (7); . gg Average.. .. . |occcccccos|occcmaacan 1.01
Barley......... { el wef f
{ 11.75 16.89 .69

As with the tabulated values for field experiments, so here also the
results of the pot-culture trials represent more than the electric dis-
charge variable; soil and seasonal factors vary as well as the crop
and the duration, nature, and strength of the electrical treatment.
Making a comparison, 26 trials out of 47 give positive results, while
21 give negative results. The treated plants return yields repre-
sented by the range 73 to 127; when the untreated plants return a
%e]}d represented l§y 100 and give an average increase of 1 per cent.

is increase is well within the experimental error, and the pot-
culture trials in their entirety thus furnish no definite evidence of a
response to the electrical treatment.
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In contrast to the field experiments, however, the pot-culture trials.
afford results from several similarly treated pots ang plants, so that
an estimate of individual experiments may be made by comparing
the differences between treated and untreated plants with the prob-
able errors involved in the measurements.

When the pot-culture records are examined in this way, it becomes
evident that the treated and untreated plants present substantial
differences. With uniform soil and seasonal factors for electrified
and control plants the association of these differences with the
treatment becomes intimate. The fact that these differences favor
the control plants about as often as the treated plants emphasizes
the complexities involved and makes one less certain that these
differences are definitely attributable to the electric discharge.

The laboratory experiments of Blackman and his associates have
been on the eftect of a direct current of very low intensity on
the rate of growth of the coleoptile of barley. Differences in the
growth rate of treated and control plants were noted over short
periods. The small differences attributable to the direction of the
current and the pronounced after effects obtained make the inter-
pretation of the data difficult and uncertain.

In general, then, one finds in Blackman’s experiments many
significant differences between the electrified a,mf control plants.
In some instances the relation of the discharge to these differences
may well be questioned. In others the relation appears to be an
intimate one, and the significance of such differences is the immediate
concern of further research in electroculture.

TABLE 32.—Summary of electrocultural trials

Definite influence reported No definite influence reported |
Method i
Year Observer Year Observer
Soil-conducted currents: . |
Exl'ltllfttlm. |
R vengren. |
Germination.___._..... Flammeion,
Lowenberg. |
Solly.
Pot cultures_...........
‘Wollny.
Field trials_____._______. Gassner. '
) 1 Gerlach and Erlwein. !
Soluble plant food_._ ... !
Modified atmospheric po-
tential gradient:
Gassner.
geglwh and Erlwein.
: resiauer.
Increased potential..... Dudgeon. 1010.____| Hos .
1911 ____ Clausen.
1917_____ Blackman, Liverpool en- | 1918-1924 Bn%'gs, Campbell, Heald,
gineers. Flint.
1876. ... Mascart...... ... 1880..... Laikewicz,
Decreased potential ... {1878 ..... Grandeau._...__..______. | 1914_____ Briggs and Shantz.
1910_.__. Hostermann. ... ..o _|oceccmanas

A review of the literature of electrocultural experimentation u
to the f)resent time does not lend assurance of great progress. (Table
32.) 1In 1800 Senebier (45) wrote substantially as follows:
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The researches of Maimbray, Nollet, Bose, Menon, and Jalabert would
indicate that electricity accelerated the development of plants, both in their
germination and in their subsequent development. Nuneberg, many years
afterward, repeated the same experiments with the same results. Linné and
Kostling observed the same effects. Achard confirmed these results. Berthelon,
in a treatise on the electricity of plants, has summarized the information on the
subject and substantiated it by further research of his own. Gardini, from work
carried on at Lyon, affirmed the influence of electricity on vegetation. Carmoy,
d’Ornoy, and Rosieres have defended this opinidn in the Journal de Physique.
These doctors base their conclusions on the identity of natural and artificial
electricity, on the continual electrified condition of the atmosphere, and on the
meteorological phenomena which indicate in a more or less sensitive manner
the presence of electricity; the different elevated parts of plants, which are ip
themselves excellent conductors of electricity, offer in their leaves, as De Saussure
has observed, the proper points to receive the electric fluid. . . . All these
experiences 1éd to the opinion stated when Ingenhousz published experiments
which proved that electricity would not produce the effects upon plants which
had been attributed to it; that electrified seeds ® would not germinate quicker
than others. These experiments, reported in the Journal de Physique for
December, 1785, were confirmed in the same journal for December, 1786, were
given further support in May, 1788, and were finally summarized in “E’xpéri-

"ences sur les végétaux.” Various other workers later confirmed these re-
searches. It seems to me at present [1800] that the opinion of those who believe
that_electricity does net favor vegetation is more logical than the contrarv
opinion.

At the present time (1924), there is still a diversity of opinion
concerning the influence of electricity in plant development. The
electroculture committee of the British Ministry of Agriculture and
Fisheries recommends (1923) the continuation of experiments with
high potential discharge,” Newman (38) in England considers
electroculture by the same method as offering practical assurance
of increased returns. Baines (1) points out a wonderland of electro-
biological relationships. On the other hand the experiments of
Gerlach and Erlwein (19, 20) in Germany and the experiments
reported in the first part of this bulletin show no increased growth
definitely attributable to electrical treatment. '

¢ Leighty and Taylor (3) report experiments with electrified seed which indicate no advantage gained
by treatment.

7 Typewritten report on file in the Office of Biophysical Investigations, Bureau ot Plant Industry.
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