Bioelectrical Phenomena in Relation to Pollination in Pinus
By J. R. MCWILLIAMI)
(Received for publication October 26, 1958)

The pollen grains of Pinus are transported by air currents from the microsporangium to the "stigmatic" surfaces
of the micropyle. Because the dispersion of pollen in any
large coniferous forest is essentially at random, it has
been assumed that the arrival of the pollen at the micropyle is purely a chance phenomenon. In support of this
view, it has been shown that the effectiveness of pollination in terms of the number of sound seeds per cone,
is related to the size of the pollen crop in the previous
1956). Examination of
year (FLORENCE and MCWILLIAM,
freshly pollinated ovules reveals a greater concentration
of pollen around the rim and arms of the micropyle Lhan
on any other surface of the strobilus. A similar condition
(1955). This could be
has been reported in Picea by SARVAS
explained by the fact that pollen adheres to the slightly
sticky surfaces of the micropyle, rather than to the smooth
sloping surfaces of the ovuliferous scales. It also raises
the quetion of possible electrical phenomena being involved
in this non-random distribution of pollen within the strobilus.
The first of these two possibilities has been investigated
(MCWILLIAM,
1958),and it is considered that the micropylar
surfaces do have a stigmatic function. The second possibility has not been investigated, although previous work
has demonstrated the existence of electrical potentials
in trees. LUND (1929 a, b; 1931 a, b) dernonstrated an electromotive force of from 30-200 mv. in the main stem of
young Douglas fir trees. He also showed that the apical
growing point, and the tips of the lateral branches, were
electropositive in relation to the more basal parts of the
stem. BURR (1945, 1947, 1956) also demonstrated measurable
potential gradients in living trees. With relation to other
electrical phenomena in nature, it is a well known fact
that small particles, or droplets, suspended in air, often
carry an electrostatic charge, the nature and magnitude of
which depends on how the charge originated. There has
been no work done in this regard with pine pollen, but
GREGORY
(1957), in working with several Basidiomycetes,
has demonstrated that the Spores carry either a positive
or negative electrostatic charge, depending on the species.
The purpose of this study was to investigate the existence
of a potential gradient between the pollen and the receptive
strobilus, in Pinus. An understanding of such a potential
might help to explain further the mechanism whereby
pollen collects on the micropyle during pollination.

tely the potential difference between any two points in a
living system (BURR and MAURO, 1949). In this study the
electrical polarity of the potted grafts and cut branches was
measured, and also an attempt was made to record possible potential gradients existing between the pollen and
the receptive strobilus.
Electrical contact was made through reversible silversilver chloride electrodes, which were prepared after the
(1949).The electrodes
method described by BURR and MAURO
were connected by shielded leads to a D. C. vacuum tube
millivoltmeter, and the nature and magnitude of the potential difference (millivolts) was read from a standard
galvanometer. The instrument was designed so that the
potential gradients can be determined independently of
changes in resistance, and under conditions in which
practically no current is drawn from the system which is
measured (BURR, et al., 1936).
The electrical polarity of the grafts and cut branches
was measured by placing electrodes in contact with
the tissue at the base and at the terminal bud. These
electrodes operated in tap water, and were mounted
in small glass pipettes. Before measuring the potential
difference between the pollen and the receptive strobilus,
the tip of the shoot bearing the strobilus was enclosed
in a transparent plastic tube which was Open at the upper
end, and sealed to the branch below the bud (Figure 1A).
The tube was designed, so that when filled with the conducting solution, the upper level of the solution stood one
inch above the apex of the strobilus. To measure the
standing potential difference between the electrodes, readings were first taken with only tap water in the system.
Following this, readings were taken with the strobilus
inserted in the tube, and the pollen applied to the upper
surface of the liquid. To obtain an estimate of the contribution of the pollen alone, similar readings were taken
with the strobilus removed from the system. The pollen
was applied from an atomizer-type Syringe to simulate
field conditions as closely as possible. However, it was
found during the Course of the experiment that the manner
in which the pollen was applied made no difference to the
measured potential. To gain a further measure of the

Material and Methods
Receptive female strobili on cut branches and on grafted
scions of Austrian pine, Pinus nigra ARNOLD, were used.
The strobili were protected from stray pollen by enclosing
them in transparent pollination bags immediately after
they emerged from the terminal bud. Because it was not
possible to make readings on individual micropyles, on
account of their small size and inaccessibility, readings
were taken on entire strobili.
The development of a reliable millivoltmeter, and the
technique for its use, makes it possible to measure accuraI) The author is a Research Officer with the Division of Plant
Industry, C.S.I.R.O., Canberra, Australia.
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Figure 1. - Techniques for measuring bioelectrical phenomenn.
Measurement of potential difference between pollen and strobilus. - (B) Agar plate for measuring the charge On the pellen.
(C) Apparatus for determining the nature of the charge carried by
the pollen.
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