







































































































































































































































































































































































































































































































































































SOME FAMILIAR VEGETABLES 165

as it exhibits the Potato in its electrical aspect.

The Plant receives its supply of current direct from the
earth, but is open to doubt whether such is the case with
the tubers to which it gives birth. They are connected to
the parent plant by a filament, or filaments—not altogether
unlike the umbilical cord and nerve of the human—through
which, or by means of which, they are energised. In the
specimen illustrated I can trace only two eyes to which such
~ filaments might have been attached (marked a, and b).
They are negative terminals communicating with the outer
negative system, while ¢, d, and e, are positive terminals
of the lines f, g, and A. It is only where these slightly
darker lines reach the jacket that we find a live or prolific
eye. The unprolific eyes, so-called, are those by which the
tuber is attached by a filament to the parent plant.

In all probability the tubes (Figure 112) or at all events
those tubes through which air passes, connect directly with
the prolific eyes. :

In my belief all members of the vegetable kingdom are
provided with a repair outfit, and in this respect the potato
is well endowed. Very shortly after being cut it exudes
a starchy substance which dries rapidly and, forming a
film over the cut surfaces, restores in some measure, if not
entirely, the impaired insulation, as well as preventing loss,
by evaporation, of the moisture without which it must
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become electrically inert. This tuber will, in fact, keep
longer and grow better after being injured than any other
vegetable with which I am acquainted.

Between the Potato and the Jerusalem Artichoke there
are several essential points of difference :

The latter is covered with root filaments, is distinctly
bi-polar as regards the ends, and does not seem to be provided
with so efficient a repair outfit as the Potato. In common
with the latter it has a marginal negative system and
several positive terminals, but it is probable, from the
number of root filaments, that instead of being dependent
upon the mother plant it derives its electrical supply directly
from the earth.

It is, no doubt, new to be told that not only is every fruit,
every vegetable, but indeed every leaf of every vegetable
is an electrical cell which retains full activity during such
time as it is structurally perfect, but every addition to our
knowledge is new, in the sense that it is something we did
not know before.

One of the earlier great authorities upon vegetable life,
Sachs, did not, so far as I am aware, carry out any exper-
ments in electro-biology but he came very near to the truth

(> .
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when he wrote: ‘“ We may suppose that in the ordinary
life of land plants especially during the continually altering
differences of electrical tension between the atmosphere
and the soil, equalisations take place through the bodies
of the plants themselves. The land plant rooted in the
soil offers a large surface to the air, by means of its branches,
and the roots are still more closely in contact with the
moist earth, while the whole plant is filled with fluids which
conduct electricity and are decomposed by currents. Such
being the case it can hardly be otherwise than that the elec-
trical tensions between the atmosphere and the earth become
equalised through the plant itself. Whether this acts
favourably on the processes of vegetation, however, has not
been scientifically investigated, since what has been done
here and there in the way of experiments in this sense
can scarcely lay claim to serious notice.”
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ELECTRICAL CONNECTIONS OF THE
VEGETABLE KINGDOM

A STuDY FOR THE YOUNGER GENERATION

HE aphorism “ There is nothing new under the sun,’’
may be trite but it is, nevertheless, particularly
striking when we are confronted with the work of Nature.
We are apt to plume ourselves upon our progress in Applied
Science, but ninety per cent. of the things we have learned
about in the last century or two have been in evidence
since the recorded beginning of time, so that if there is
cause for wonderment it is not at man’s keenness of percep-
tion or fertility of invention but at the really extraordinary
manner in which he has neglected to sit up and take notice.
Of this instances could be multiplied almost ad infinitum
and irrespective of limitation as to the scientific field.
Education consists, mainly, in looking at the things we are
told to look at and seeing what our teachers know to be
there. Beyond that there is nothing about which we need
give ourselves any concern whatsoever. And, as a rule,
we do not.

Think of the millions of people who have cut an Apple
in section without taking any heed of its obvious electrical
structure. I did it myself, on and off, for thirty years
and should, no doubt, have continued to do it had not a
child opened my eyes.

We were giving a juvenile party—at Chnstma.s time—
and one of the youngsters asked me if there was any elec-
tricity in fruit. With an idea of affording amusement we
went into the laboratory, where I joined up an Orange, a
Lemon, an Apple in the circuit of the galvanometer by means
of steel needles, as electrodes, and some flexible wire. The
deflections obtained were of course attributed by me to

N



172 GERMINATION

weak galvanic currents set up by the needles in contact
with the acid secretion of the fruit. Dr. Trowbridge, Dr.
Radcliffe, and others had given this explanation of the
phenomena and, like everybody else, I had accepted it for
fact and, in all probability, should not have given the
matter another thought had it not been for one thing—in
making one of the contacts I obtained a reversal of sign.

Now, it is quite certain that if the deflections were due
to currents set up by difference of polarity in the needles
no reversal of sign could occur unless the connections were
reversed—and they were not reversed. In that fortuitous
way an investigation was initiated and valuable knowledge
gained. Like many other discoveries it had its origin
in pure accident. I just happened to sit up for & moment
and take notice !

With this preamble we may pay a visit to the garden
and see what further information we can obtain.

Repetition is apt to become wearisome but it is necessary
to remind the reader that the air is the positive and the
earth the negative terminal of Nature’s electrical system.

Electrical circuits are of two kinds, ¢.e., * earth return *’
and ‘“ metallic.” In the former one pole of the battery
at each end is connected with the earth ; in the latter with
a second wire., That, I take it, is understood.

In the natural circuit the negative terminal is necessarily
““ earthed ”’ because it is the earth itself. To complete
the circuit the plant or fruit must have access to the positive
air. In trees and plants this is gained through the stomata
of the leaves, while in fruits the flower end—whether the
flower is decayed or not—is never quite closed.

In these days of electric lighting everyone is more or less
conversant with the fact that there are several ways of
connecting or joining up incandescent lamps. Those in
common use are called respectively Series, Series-parallel,
and Parallel.

Series is when the lamps are strung, so to speak, one
after another upon the feed wire ; Parallel is when a group
of lamps takes the place of one, and Series-parallel a mixture
of the two methods. In the arrangement of batteries,
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Series is carbon to zinc throughout; Parallel is carbon to
carbon and zinc to zinc; and Series-parallel partly carbon
to zinc and partly carbon to carbon and zinc to zinc. The
first increases the electromotive force without increasing
the current quantity, the second increases the current
without augmenting the electromotive force, while the
third permits of an adjustment of both current and electro-
motive force to meet requirements.

Nature employs direct—not alternating—current and
therefore the sectional area of the conductor must vary in
proportion to the quantity of current to be supplied. I say
““ must "’ because resistance is in the inverse ratio to sectional
area and the natural electromotive force is constant. If
you require more water in & given time and the pressure
cannot be altered you must have a larger pipe.

In the vegetable world all three methods are resorted to
but the one most in vogue is the series-parallel.

As will be seen also in the Chapter upon Acorns the seeds
of the Oak are always joined up in series. There are only
a few of them upon each stalk so that the latter does not
need to be very thick. The stalk is, of course, a continua-
tion of the feed wire from the earth.

FNS

o0

The apex of the seed is left slightly open, in order that
the circuit may be completed.

In practical electric lighting, as carried out in our houses,
two wires are employed but for the reason above given
Nature can dispense with one of them.

In the incandescent lampholder there are two contacts,
to allow the current to enter at one end of the filament
and pass out at the other. In the Acorn—while it is still
attached to the tree—the apex is open, and two contacts
at the base of the seed are not called for. But the two
things are very much alike.
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There are, as you know, several kinds of Ivy. Most,
but not all, of the varieties have their leaves in Series.
Figure 116 is one common to our gardens :

: -
rane
Ivy LEAVES—IN SERIES.

‘While the next is, I believe, an importation from Japan.

sam2

Ivy LLEAVES—IN SERIES,

T daresay many other examples could be found, but the
Series connection is comparatively rare. This may be
owing to a greater quantity of current being necessary to
the tree or plant than the Series method would allow.
Series-parallel, on the other hand, offers facilities for adjust-
ment and it is therefore, not surprising to find it largely
exemplified in fruits, flowers, and leaves.

The next illustrations are of Fuchsias, the first an old
favourite :
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FUCHSIAS—IN SERIES-PARALLEL.

And the second a rather pretty group of Ballet Girls !

Fig 19

FUCHSIAS—IN SERIES-PARALLEL.

In both, the leaves as well as the flowers are in Series-
parallel and this rule applies to every member of the Fuchsia
family.
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As regards the comparative thickness of the main leads
of the Oak, the Ivy and our last two illustrations the respec-
tive sizes of the tree and plants must be taken into considera-
tion. A fairer comparison would be with Cherry Apples.

CHERRY APPLES—IN PARAILEIL.

And Horse Chestnut leaves, both of which are in Parallel.

HORSE-CHESTNUT LEAVES—IN PARALLEL.

The thinner line in Figure 120 is & pin. Beneath it is
the stalk upon which the leaves and fruit are borne, and
it is certainly thicker than those of the Acorns and Ivies.



ELECTRICAL CONNECTIONS 177

Nor can there be any doubt that the stalk of the Horse
Chestnut is intended to carry a considerable quantity of
current.

We can obtain a better view of it by stripping the leaves.
They are, as will be seen, tapped off a central boss.

Fp.r22

s

HORSE-CHESTNUT VENATION.

In Figure 121 there are only five leaves. Figure 122
has six and therefore the Stalk is a little thicker.

That, I think, should convince the reader, but in case
it does not we will take some Apples from the tree. They
are young yet but will serve our purpose.

APPLES—IN PARALLEL.

I have cut off the leaves. There were eleven of them and
the stalk is quite thick.

The flowers of the Geranium are in Parallel and if you
look at them you will find that the diameter of the stalk
increases with the number of flowers it has to support. In

5

Digitized by \J (}k)q[{f

C



178 GERMINATION

Figure 124 the stem on the left bears five flowers and that
on the right fourteen.

GERANIUM FLOWERS—IN PARALLEL.

Finally, and in order to clinch the matter, the reader
may be referred to a bunch of Bananas. These are in
Parallel and the stalk is of the proportions of an Atlantic
cable |

And now let us hark back to Series-parallel.

In the cluster of Elderberries which forms the subject
of our next illustration

ELDERBERRIES—IN SERIES PARALLEL.

it will be seen that there are five branch leads from the
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feed wire and that from each of these a number of subsidiary
leads ramify. Upon the latter the berries are carried tn
Series.

In a bunch of grapes a different arrangement obtains :

GRAPES—SERIES-PARALLEL.

Here the main branch leads of the Elderberries are
absent, but subsidiary leads are tapped off the stalk in such
manner as to enforce symmetry of growth and upon these
the Grapes are borne in Series-parallel. The bunches,
however, are always in Series.

And so on, and so on. There is no dearth of material.
Look round the garden and the orchard, at the Plums,
the Cherries, the Raspberries, the Pears, the Peas and Beans :

RUNNER' BEANS—SERIES-PARALLEL.
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The feed wire in both splits at the shell end of the stalk
into two and the Peas and Beans are carried alternately
upon each. Notice particularly the leaves of vegetables,
bearing in mind the fact that the greater number, especially
in parallel, call for a thick conductor, or feed wire, to supply
their needs.

Compare the sectional area of the stalks, having regard
to the size of the plant, in all three modes of connection,
and take a new interest in vegetable life ; a phase of it
upon which botany has, hitherto, been silent.

And now I am going to tell you something more. Every
plant and fruit, flower and leaf of that plant, is a self-con-
tained electrical cell, having positive and negative terminals
like every other cell. They differ, however, from cells
made by man in one important respect.

Two types of cells with which most people are familiar
are the “ Dry ”” and the * Leclanche.” If these are kept
in continuous use for an hour or so they become what is
called “ polarised,” or in other words ‘ used up.” Not so
with the vegetable cell. We will take two: an Apple
and an Onion.

Fiasiive fermina/

Nepotive fermuna/
APPLE—IN SECTION.

While the Apple remains upon the tree the stalk and
core—which latter is insulated from the edible portion of
the fruit—are negatively charged by the earth, while the
flower end is open to the positive air. After it falls, or is
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removed from the tree the end of the stalk is at once sealed,
either by a resinous or gummy excretion or by becoming
fibroid. The earth charge is cut off and therefore one
would think electrification would cease. That is not so,
however, The flower end is never closed and so long as it
is exposed to air the core and stalk are negatively charged
by induction ; the rind or peel conserving the energy of the
cell.

You cannot polarise this piece of electrical apparatus,
not even if you short-circuit it for six months on end.

The Onion is even more remarkable :

ONION—IN SECTION.

It is a standard cell of a very perfect description. The
current evolved by it, in accordance with established laws,
varies directly with size, but the electromotive force of
them all is the same, 7.e., 0.086 volt. The outer insulation,
consisting as it does of a number of dry, non-conducting
layers, is very high and both negative and positive terminals
are well defined, rendering it invaluable for all purposes
where a standard cell of low electromotive force is required.
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