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21.

Plant “Primary Perception”: Electrophysiological

Unresponsiveness to Brine Shrimp Killing

Abstract. A test of the “'primary perception” hypothesis proposed by Backster in 1968
was made by recording electrical activity from the leaves of Philodendra scandentia while
randomly ejecting the contents of micropipettes filled with brine shrimp or distilled water
into boiling water. Test conditions conformed to those published by Backster or commu-
nicated in personal exchanges. Data were analysed from five experiments, in each of
which recordings were made from four plants in the presence of three brine shrimp kill-
ings and two control water ejections. Inspection of the data and analysis by two statistical
methods revealed no relationship between brine shrimp killing and electrical “‘responsive-

ness’’ of philodendron.

With publication of Backster’s report
(1) on a perception capability of plant
leaves observed when brine shrimp (Ar-
temia salina) were Kkilled, the possibility
that communication by unknown physical
or chemical means might exist between
plant and animal forms was reactivated.
Backster’s observation has been received
enthusiastically by the public but has
been disregarded until recently (2) by the
scientific community. Since neither re-
sponse is appropriate to an experimentally

33 uv

supported contention, we repeated Back-
ster’s basic experiment and designed an ad-
ditional test (3) based on popular accounts
of Backster’s unpublished work (4). Care
was taken to duplicate Backster’s condi-
tions and in some instances to use more
stringent controls. No support for Back-
ster’'s ‘‘primary perception” hypothesis
was obtained in either of our experiments.

Philodendron  scandens oxycardium
were initially grown by the Kenneth Post
Laboratories of the Cornell Department of

v / \vr*/"f‘*j‘“‘"@‘ﬂ;{w
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Fig. 1. Representative leaf recordings obtained on curvilinear paper during five ejections (1 through
5) indicated by the signal marker deflection just below the numerals. Two ejections were water (W)
and three were brine shrimp (BS). Vertical arrows mark the beginning of 25-second control periods
and the end of 25-second ejection periods. Analysis was made by comparing maximum peak-to-
peak voltage deflections regardless of polarity (marked by horizontal lines and recorded in micro-
volts) for control and ejection periods.
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(5). Seven days before use they were trans-
ferred to a holding room with a westerly
exposure near the experimental laborato-
ry. On the day of the experiments the
plants were moved to two light-tight rooms
in the laboratory, each of which housed a
Faraday cage to electrically shield the
plants plus a three-channel polygraph
(Grass model 7) for recording simulta-
neously from two plants and from a
110,000-ohm fixed resistance to simulate
an unchanging plant.

Artemia (6) were incubated in a distant
room; on the experimental day they were
observed microscopically for vigor and
then transferred to a laboratory room lo-
cated between the two recording rooms
and containing the shrimp-killing appa-
ratus. These three rooms opened into a
monitoring area in which a video tape sys-
tem recorded the operation of the shrimp-
killing apparatus.

The apparatus consisted of five dis-
posable pipettes which were mounted verti-
cally on a modified kymograph drum. An
electrical impulse, initiated by a program-
mable tape reader, activated a solenoid
which squeezed a pipette bulb and ejected
the contents of the pipette into a beaker of
boiling water. Simultaneously, the tape
reader marked the recording charts by ac-
tivating the polygraph signal markers. The
solenoid reset and the drum automatically
rotated until the next pipette was in posi-
tion for the next activation. Failure of the
ejection apparatus could be detected
through the video system or by dis-
coloration of calcium anhydride indicator
(Drierite) spread beneath the rotating
drum to detect pipette leakage. The tape
reader was programmed by means of 16-
mm film in which five holes were punched
at intervals determined from a random
table of digits. When read by the tape read-
er the film provided five activations of the
termination system in 15 minutes. Five dif-
ferent films were made; one was selected
by chance before each run.

One-half hour before each recording ses-
sion four plants were gently washed with
distilled water to remove any dust, and the
potting soil was saturated with water.
Polygraph amplifiers wére warmed up one-
half hour and then calibrated. The poly-
graphs operated from a-c mains equipped
with radio-frequency filters. Tests were
conducted to ensure correct operation of
the total system.

Two plants were placed within each Far-
aday cage, and a pair of gauze-coated elec-
trodes (7) for each plant was arranged to
contact gently both sides of a leaf having
surface area greater than 1.5 times the
electrode area. The electrodes were held in
place by two arms of a burette clamp pre-
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Table 1. Assembled data scored as +, -, or O,
depending on whether the voltage defiection fol-
lowing ejection was larger, smaller, or un-
changed with respect to the control. Only differ-
ences greater than 10 uv (magnitude of slow
drift of the system) were used. Contents of the
pipettes are noted as BS (brine shrimp) and W
(water). The symbol (+) indicates a coincidence
of change in potential and killing of brine
shrimp (a “*hit”* according to Backster).

Pipette number

Plant
1 2 3 4 S
Experiment 6
BS w BS W BS
18 0 - - + 0
19 - 0 0 - (+)
20 - 0 0 0
21 - + (+) + (+)
Experiment 7
BS BS BS w W
22 0 0 0 0
23 0 - 0 0
24 0 0 0
25 0 0 0 +
Experiment 8
w BS BS BS W
26 0 (+) (+) 0 0
27 - 0 (+) 0
28 0 (+) 0 (+) +
29 + 0 0 0 0
Experiment 10
w BS BS BS W
34 0 (+) 0 0 0
35 0 0 0
36 0 0 0 0 0
37 0 0 (+) 0 0
Experiment 12
BS BS BS W W
42 0 - - 0 0
43 0 0 0 0 0
44 - - 0 0 0
45 0 0 0 0

viously insulated with a vinyl covering.
Special care was taken to ensure that there
was no physical damage to the leaf. After
experimentation, the leaf was checked for
injury, and the plants were then main-
tained for 14 days so that latent injury aris-
ing from handling or electrical currents
could be assessed; none was seen.

To reduce electrical interference and to
effect differential recording, the plants
were grounded by inserting bare stainless
steel electrodes into the potting soil, care
being taken to prevent contact between the
soldered junctions and salt or soil. The
three leads to a given plant were twisted to-
gether to further minimize pickup of elec-
trical interference. Shielded cables con-
nected the polygraph a-c preamplifiers to
the plants and to the fixed resistance within
the cages (8). Each fixed resistance was
connected from one side of its input chan-
nel to ground. This control channel thus
operated in a nondifferential mode, mak-
ing it more sensitive to electrical inter-
ference. The fixed resistance with its asso-
ciated recording channel served as a local
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control against artifacts caused by fluctua-
tion in line voltage or by radiated electrical
interference. To determine the constancy
of the electrode-leaf preparation, resist-
ance was measured by means of a Simpson
test set before and after the recording
session.

Polygraphs were placed in the “‘use
mode, the doors to each of the recording
rooms were closed, and 10-minute base-
line recordings of all channels were made.
During this period, the programming
film was mounted in the tape reader. Ten
to 20 active Artemia were drawn into
three of the disposable pipettes. The re-
maining pipettes were filled with distilled
water and all five pipettes were placed on
the kymograph drum in an order drawn
from a random numbers table ensuring the
chance injection of Artemia or distilled
water. This sequence was recorded but was
not referred to until the polygraph records
were scored.

At the end of the 10-minute base-line pe-
riod, polygraph records were checked for
sensitivity, and the end of the control peri-
od was marked. Both recording room
doors were closed and all other systems
were activated. The door to the room con-
taining the shrimp-killing apparatus was
then closed, and we departed from the lab-
oratory suite for approximately 18 min-
utes. During this period, we engaged in ac-
tivities other than those pertaining to the
experiment until an alarm watch signaled
the end of the experimental period.

Upon returning to the experimental
area, we immediately placed the polygraph
amplifiers in the calibrate mode and turned
off the shrimp-killing apparatus. The pi-
pettes were checked for content, the cal-
cium anhydride observed for color change,
and the video tape reviewed.

Due to recording failures, three of our
eight sessions were disqualified before
analysis of the records. Qur method of
analysis and recordings from one plant are
illustrated in Fig. 1. Results are tabulated
in Table 1, where the data can be examined
for coincidence of brine shrimp ejections
and positive scores (“hits””). A summary
appears in Table 2.

Data for both the brine shrimp and wa-
ter ejections were scored as +, -, or 0, de-
pending on whether the voltage deflection
after ejection was larger, smaller, or un-
changed with respect to the control. Statis-
tical analysis of the scored data was car-
ried out by a normal approximation of the
binomial model and the null hypothesis of
P = 5. No significant deviation was found
either with the 0’s excluded (Pps = .27
and Pw = .39) or with the O’s divided
equally between the +’s and -’s (Pps =
35and Pw = .44).

Comparison of the unscored amplitude

s

Table 2. Summary of +, -, and 0 scores used in
binomial analysis. Data were pooled on the
basis of no interaction between simultaneous
recordings within groups of four plants.

Number of scores

Ejection —
+ 0
Brine shrimp (¥ = 60) 10 14 36
Water (N = 40) 6 8 26

data for brine shrimp and water ejections
by use of the Mann-Whitney non-
parametric test for unpaired observations
revealed no interdependence (P = .19).
Similar comparisons were made of the am-
plitude data of the brine shrimp ejections
with their control periods and the ampli-
tude data of the water ejections with their
control periods (P = .12 and P = .50, re-
spectively). No significant deviation from
the null hypothesis that brine shrimp and
water ejections produce no effect was
found.

Considerable effort was made to con-
duct these experiments in accordance with
the published account and directly commu-
nicated suggestions of Backster. One vari-
ation from his published method was our
use of high-gain a-c coupled amplifiers in-
stead of psychogalvanic response (PGR) d-
¢ coupled amplifiers, a change which Back-
ster viewed as acceptable before our study.
The a-c amplifiers have the advantages of
stability and supression of in-phase inter-
fering signals, and they pass essentially no
current through the preparation. At the
gains we used (5 pv/mm) the system was
capable of recording the smallest poten-
tials so far reported for plants. Indeed, the
regular waveforms seen in Fig. | appeared
in more than 30 percent of our recordings
and are analogous to those reported by
Pickard (9). It is conceivable that if the ef-
fects Backster recorded were due to a pure
series resistance change in the leaves and
this resistance was the only resistance in
the leaves, the a-c amplifier would not have
detected the change. Such a model would
be at variance with electrophysiological
views that leaves are better represented as
a combination of series and parallel resist-
ances.

In contrast to Backster’s method, our
controls had the advantage of being ob-
tained from the experimental leaf-elec-
trode combination within seconds of the
experimental period rather than from com-
pletely different preparations studied on
different days. We obtained no evidence of
similarity of “‘responses” among plants
constituting a particular group of four.
Thus, each plant was treated as an inde-
pendent preparation, giving a total of 60
brine shrimp ejection periods compared to
Backster’s 13. Rigorous methods of statis-
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tical analysis were used. When the bino-
mial test was applied to Backster’s data,
they were found to be statistically signifi-
cant by our criteria.

We believe that we matched and in sev-
eral instances improved on, Backster’s ex-
perimental techniques, such as controls,
shielding, number of observations, meth-
ods of analysis, and number of shrimp
killed per injection. We obtained no evi-
dence of primary perception in plants.
While the hypothesis will remain as an in-
triguing speculation one should note that
only the limited published data of Backster
support it.

KENNETH A. HOrROWITZ
DonALD C. LEwis
EDGAR L. GASTEIGER
Section of Neurobiology and Behavior,
Division of Biological Sciences, and
Department of Physical Biology,
New York State Veterinary Colilege,
Cornell University, Ithaca 14853
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Central Projection of Optic Tract from Translocated Eyes

in the Leopard Frog (Rana pipiens)

Abstract. In Rana pipiens embryos, eye anlagen were moved to the evacuated ear posi-
tion, where they continued to differentiate and sent their optic nerve fibers into the hind-
brain. Upon entering the medulla, the optic fibers turned caudally, penetrated the spinal
cord, and traversed the dorsolateral white matter to the caudal end. We found this pat-
tern of growth in every animal; the optic fibers did not enter the tecta. These results sug-
gest the existence within the neural tube of a three-dimensional gradient system to which
embryonic optic fibers are responsive and which may guide the normal development of

the visual pathway.

During development of the vertebrate vi-
sual system, nerve fibers from the ganglion
cells in the retina achieve an orderly pro-
jection onto specific populations of cells in
the central nervous system. The pathway
that the fibers take in reaching the central
nuclei is identical in different individuals
within a given species; this suggests that
the fibers are guided systematically in their
growth through the central nervous sys-
tem. Most previous investigators of axonal
guidance in the visual system have utilized
the regenerative capabilities of the optic
tract in adult anurans and teleost fishes (/).
These studies have revealed that severed or
slightly deflected optic nerve fibers can of-
ten reestablish their central connections.
But little is known about the mechanisms
in embryonic development that are respon-
sible for directing the initial growth of
axons from the retinal ganglion cells with-
in the eyecup to their final destination in
the central nervous system. Is this initial
projection an intrinsic property of the optic
nerve fibers themselves or, instead, does it
depend on directional guidance from the
embryonic brain during its early devel-
opment?

We investigated this question of axonal
guidance during embryonic development
by drastically altering the pathway be-
tween the retina and the cells within the
central nervous system upon which the op-
tic nerve fibers normally terminate. We
present here the results of our experiments
in which eye primordia of leopard frog
(Rana pipiens) embryos were relocated in
the position normally occupied by the ear
anlage. In this way we have been able to
cause the optic nerve from the transplanted
eye to enter the hindbrain, thus completely
altering the normal diencephalic route
from the retina to the optic tectum in the
midbrain (2).

The transplantation operations were
performed on Shumway stage 16 to 18 R.
pipiens embryos (3). The left ear capsule
was removed and either the left (type 1) or
the right (type 2) primordial eye was in-
serted in its place. A small part of the fore-
brain tissue adjacent to the optic stalk was
routinely taken in the removal of the eye
primordia. This forebrain tissue fused with
the hindbrain, thus forming a tissue bridge

between the medulla and the eyecup which
facilitated penetration of the optic nerve
from the transplanted eye into the central
nervous system. The experimental animals
were raised individually until late tadpole
or postmetamorphic stage. A modified
Holmes silver stain was used to examine
the morphology of the transplanted retina
and optic nerve. The optic tract from the
transplanted eye was traced within the cen-
tral nervous system by intraocular in-
jection of 1 or 2 ul of tritiated L-proline
[1.3 uc/ ul in H,0; New England Nuclear
(6.8 ¢/mM) or Schwarz/Mann (3 ¢/mM)]
24 hours prior to killing. These specimens
were then fixed in Carnoy’s fluid, seri-
ally sectioned at 10-pm thickness, and
examined by light microscope autoradi-
ography.

The translocated primordial eye devel-

- ops into an externally normal eye (Fig.

1A). Light microscope examination of the
retinas in these transplanted eyes revealed
cellular layering and cell densities that ap-
pear similar to those in the retinas of the
normal (nontransplanted) eyes. Thus,
translocation of the eye to a different re-
gion on the animal’s head does not qualita-
tively alter the normal development of the
organ. Furthermore, the retinas of these
translocated eyes are capable of visual
function. In two preparations, we have in-
serted gold- and platinum-coated indium
micropipettes (tip diameter ~ 6 um) into
the transplanted optic nerve as it enters the
cranial cavity. We recorded action poten-
tial activity in these nerves in response to
small spots of light in the visual field of the
transplanted eye.

Figure 1B demonstrates the altered ge-
ometry of the brain of a typical post-
metamorphic animal that had a type 2
transplant operation. The optic nerve from
the normal (left) eye approaches the brain
ventrally. Most of the fibers in the normal
tract cross the midline in the anterior re-
gion of the diencephalon and then proceed
in a dorsocaudal direction along its lateral
margin to enter the right optic tectum (4).
The optic nerve from the translocated eye,
however, does not enter the diencephalon;
instead, it penetrates the medulla at ap-
proximately the level normally occupied
by the eighth cranial nerve. The left tec-
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