luceas, Hetwta: Caprifolisceae, Lonivers; Caryo-
phylleceae, Daarkus, Composilee, Blemnosperma,
Clchariwm, SI-E_rJ.":um.lmerl'a. Taraxacum, Vragopo-
gon, and  Wyerhia, Convolulacene, Calpsiegio;
Cragsulaceas, Sedurr; Crucilerue, Sracsica, Diph-
raxis, and Naswwrrnven Coucurbitacmie, Cucurbita:
Ericaceae, Arctosiaphvios and RAododendron,
Euphorbiacese, Euphorbia and Pedilanthus, Hip-
pocastanaceae, Aescufus; Leguminosae, Cercis,
M.ﬂfr'rugu_ A elifoius, Phaseolus, and Tn:ll'm'fyn[
9]; Libaceae, Ailiwm, Aloe. Brodiaea (23, and

ygadenus; Limnanthaceae, Limnanihes; Mal-
vaceae, Gossypivner, Myraceae, Callisremon and
Eucalypras (2} Oleaveae, Foravthw, Ligustrum,
and Syeinge; Onagraceae, Clarkia and Fuchsia;
Passifloraceae, Possiflors, Polemuoniacess, Vavar-
rerid and Phiox (2} Banunculacese, Aguitegia and
Delphiniurr, Rosaceas, Amelanchiee, Prunus (4,

F_ur.-.?d‘m.lma. P_IH o, B efiien, amd .";'pfr.'_rru; Rutaceae,
Civrur and Xanwthoxpium; Salicaceae, Popwes and
Saiix; Su':f.ra.gun:ul;, Ercaflunio and Rikes; Scro-
phulariaceae, Anrhirrkinum and Collintia; Sola-
naceas, Copsicant, MNioonewd, and Petunio; Ti-
liaceae, Tilia (21 Ulmaceae, Llmws Viokceae, Fi
ala, ’

W. Griggs and B. T. lwakin, Califl Ageic. 18, 6
[1964).

H. G Baker and P. [2, Hurd, Arnwe Bev, Exvamol
13, 38501968y L. W, Macior, Taver 20 17 (19718
Sponsored an part by a grantom-usd from Homer
Park, Park Apiaries. Pale Cedro, Culilornia, and a
faculty research gramt 1o RW.T We thank G.
Webarer, H. ﬁ Baker i||:L|_ B Heainrich for useful
commenls on the manwseripl.
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Plant **Primary Perception™: Electrophysiological

Unresponsiveness to Brine Shrimp Killing

Abstract. A rest of the "primary perception’ hypothests proposed by Backsier in 1964

was made by recording electrical activity from the leaves of Philodendra scandentia while
randomiy efecting the contents of micropipeties filled with brine shrimgp or distilled water
into boiling warer. Test {'umu:fr'rrmu conformed 1o those published by Backster or commu-
nicated in personal exchanges. Data were analysed from five experiments. in each af
which recordings were made from four plamis in the presence of three brine shrimp kifl-
ings and rwo conirol water gjeciions. Inspection of the data and anaivsis by rwa statistical
methods revealed no relationship between brine shrimp killing and electrical * responsive-

ness” af philadendran.

With publication of Buckster's report
(1) on a perception capability of plant
leaves observed when brine shrimp (Ar-
temua salnay were killed, the possibiliny
that communjeation by unknown physical
or chemical means might exist berween
_plant and animal forms was reactivated.
Backsier's observation has heen received
enthusiasticaily by the public but has
been disregarded until recently (2} by the
scientific community. Since neither re-

supported contention, we repeated Buack.
ster’s basic experiment and designed an ad-
ditional test (3) based on popular sccounts
of Backster's unpublished work (4). Care
wis liken to duplicute Backsters condi-
tions and in some iNstances 10 use more
stringent controls. Mo, support for Back-
ster’s “primary  percepuion”  hypothesis
was obtdined in either of our experiments,

Philodendron axyeardium
were initially grown by the Kenneth Post

5':!‘&.’“1';".1':_';‘

sponse is appropriate to an experimentully  Laboratories of the Cornell Department of
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Fig. I. Representative leaf recordings obtained on curvilinesr paper during five sjeclions (] through
3} indicated by the signal marker deflection just below the numerals, Twa gections were waier | #)
and three were brine shrimp (BS). Vertical arrows mark the beginning of 23-secund contrel periods
and the end of 25-second gjection periods. Analysis was made by comparing maximum peik-la-
peak voltage deflections regardless of polarity (marked by horizental lines and recorded in micro-
volts) for contral and ejection periods.
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(5). Seven days before use they were Lrans,
lerred to a holding room with a Wesler],
exposure near the experimental labory,
ry. On the day of the experiments the
plants were moved-ta two light-tight oo
in the laboratory, each of which houseq
Faraday cage 1w electrically shield the
plants plus a three-channel polygrapy
(Grass model 7) for recording st mlyy,
neously from two plants and Frop 3
1'10,000-0hm fixed resistance to simuly,
an unchanging plant.

Artemia (6} were incubated in a disign
room: on the cxperimental day they wey,
observed microscopically for viger apg
then transferred 1o a laboratory room 1.
cated between the two recording rooms
and containing the shrimp-killing app,.
ratus, These three rooms opened intg 4
monitoring area in which a video tape sy
tem recorded the operation of the shrimp.
killing apparaius,

The apparatus consisted of five djs
posable pipettes which were mounted ven.
cally on a modified kymograph drum, An
electrical inpulse, mitiated by a program-
muhble tape reader, activuled u solenoid
which squeesed & pipette bulb and ejected
the contents of the pipette into a beaker of
boiling water. Simultaneously, the tape
reader marked the recording charts by ae
tvating the polygraph signal markers. The
solenoid resel and the drum awtomatically

- rolated- until the mext-pipelle was in-posi-

tion for the nest activation. Failure of the
cjeclion  apparatus  could be  delecied
through the wvideo swvstem or by dis-
coloraten of caleium anhydride indicator
(Drierite) spread benecath the rotating
drum 10 detect pipette lenkage. The 1ape
reader was programmed by means of |6
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 3
termination system in 15 minutes. Five dif- 8

ferent films were made; one was selecied
by chance before each run.

One-half hour before cach recording s&&°
sion four plants were gently washed with

distilled water to remave any dust, and the 4
potting  soil was saturated with “‘“'wr":';
Polygraph amplifiers wére warmed up 088

Tal

dep
|0“'
chat
enet
it

pir<

hall hour and then calibrated. The P"JJF'-;_E .

graphs vperated from a-¢ mains equip

with raflio-frequency filters. Tesis wcmr-“ ;
conducled to ensure correct operation @8

the 1o1al system.

Twao plants were placed within each F37
aday cage, and a pair of gauze-coated ©
trodes (7) for cach plant was arra :
contact gently both sides of a leaf having
surface area greater than 1.3 times .
electrode area. The elecirodes were held 1%
place by two arms of 4 burette clamp
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* e preater than 100wy (magnitude of slow

it of the system) were used. Conients of the

- etres are noted as BS {(bring shrimp) and W

F_r;uw”_ The symbol {4 indicatt_s a coincidence

of change in potential and killing of brine
qrimp “hit” wocording 1o Backsier),
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Jously insulated with o vinyl covering.

¢ Special care was taken to ensure that there
£ 18 shysical damage 1o the leal. Afier
S taperipentation, the leal was checked for
;-Z_iﬂjm_\, and the plants were then main-
. fained for 14 days so that latent injury aris-

AIng from handling or electrical currents
could be agsessed; none was seen.

To reduce electrical terference and
';itﬁ-"-“-'[ differenual recording, the plants
- %ere grounded by inserting bare stainless
Steel electrodes into the potting soil, care

being 11ken to prevent contacl between the

:imid:; i _iLlI1E[i0T1'i and salt or soil. The

hrec icads 1o a given plant were Lwisted 10-

= E’w‘-_thl:r Lo further minimize pickuep of elec-
- Wical intcrference. Shielded cables con-

. Mected the polygraph a-c preamplifiers to
 plants and 10 the fixed resistance within
© cages (8). Each fixed resistance was

®0nnected from one side of its input chan-
Tel 1o ground. This control channel thus

Diper- . .

inp“-it'::i imn a nondilferential mode, mak-
IE I more sensitive o electrical inter-
erpn - . PR

~ti"‘-“ The fixed resistance with i1s asso-
EITY

=zording channel served as a local

ALLUST 1573

control against artifacts caused by fluctua-
tion in line voltage or by radiated electrical
interference, To determine the constancy
of the electrode-leal preparation, resist-
ance was measured by means of a Simpson
test set before and afier the recording
SES5I0M, - .

Palyaraphs were placed in the “use”
mode, the doors to each of the recording
rooms were clesed, 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 pipeties. The re-
maining pipettes were filled with distilled
water and all five pipeties 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 seyuence was recorded butl was
not referred to until the polyeraph records
were scored.

Al the end of the 10-minute base-line pe-
riod, polyzraph records were checked for
sensitivity, and the end of the control peri-
o was marked. Both recording room
doors were closed and all other syslems
were activaled. The door to the roem con-

[

Laining the shrimp-killing apparaias was
then closed, and we departed from the lab-
arstory suite for approximately 15 min-
utes, During this period, we engaged in ac-
tivities other than those pertaining e the
experiment until an alarm watch signaled
the end of the experimentul period.

Upon returning 1o the experimental
arey, we immediately placed the polyeraph
amplifiers in the calibrate mode and turned
off the shrimp-killing apparatus. The pi-
pettes were checked [ur content. the cal-
cium anhydride observed for color chunge,
and the video 1ape reviewed.

DDue o recording failures, three of our
eight sessions were disqualified belore
analysis of the records. Our method of
analysis and recordings from one plant are
illustrated in Fig. 1. Results are tabulated
in Tahle |, where the data can be examined
for coincidence of brine shrimp ¢jections
and positive scores (ChilsTh A summary
appears in Table 2,

Data for both the brine shrimp and wa-
ter gjections were scored as 4, -, or 0, de-
pending on whether the veltage deflection
after cjection was larger, smaller, or un-
chunged with respect to the control. Stalis-
tical analysis of the scored data was car-
ried out by a4 normal approximalion of the

binomial model and the null hvpothesis of

P = 5 Mo significant deviation was [ound
either with the 0"s excluded {Fys = 27
and Py = .39 or with the 05 divided
equally between the +'s and -'s (Fas -
35 and Pw = 44

Comparison of the unscored amplitude

Table 2. Summary of 4. - and 0 scores gged in
binomial wnalysis, Datn were pooled on the
basis of no interaction between simullaneous
recordings within groups of four plants.

Mumber of sores
Ejecticn B
b i]
Brine shrimp (V¥ = 600 ] 14 il
Water (& - 40} L] 4 28

data for brine shrimp and water ejections
by use of the Mann-Whitney non-
parametric lest for unpaired ohservations
revealed no interdependence (P = 190
Similar comparisons were made of the am-
plitude data of the brine shrimp ejections
with thetr control periods and the ampli-
tude data of the water ejeclions with their
control periods (P = .12 and P = 31, re-
spectively). No significant deviation from
the null hypothesis thal brine shrimp and
water ejections produce no effect was
found.

Considerable effort was made to con-
duct these experiments in accordunce with
the published account and directly commu-
nicated suggestions of Backster. One vari-
ation from his published method was aur
use of high-min u-c coupled amplifiers in-
stead of psvchogalvanic response {POGR -
¢ coupled amplifiers, o change which Back-
ster viewed g aeceptable before our study,
The a-c ampliliers have the advantages of
stubility and supression ol in-phase inler-
fering signsls; and they-pass-essentiadly no
current through the preparation. Al Lhe
gains we used (3 pv/mm) the svstem was
cupable ol recording the smallest poten-
tials su Far reported For plants, Indeed. the
regular waveforms seen in Fig. | appsured
in more than 3 percent of our recardings
and are analogous to those reported by
Pickard (9). 1t is conceivable that if the ef-
fects Buckster recorded were due Lo o pure
series resistance change mn the leaves und
this resistance was the only resistance in
the leaves, the a-c amplifier would net huve
detected the change. Such a model weuld
be at variance with electrophysiclogical
views that lesves are better represented as
a combination of series and parallel resisi-
ances.

In contrast to Backster’s method, our
controls had the advantage of being ob-
tained from the experimental leal-glec-
trode combination within seconds of the
experimental period rather than [rom com-
pletely diflerent preparations studied on
different davs. We oblained no evidence of
similarity of “responses’ among plants
constituting & particular group of [our,
Thus. each plant was treated as an inde-
pendent preparation, giving a total of 60
hrine shrimp ejection periods compared to
Backster's 13, Rigorous methods of statis-

a7




tical analysis were wsed. When the bino-
mial test was applied 1o Backster's data,
they were found 1o be statistically signifi-
cant by our criteria,

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

KENNETH AL HOROWITZ
DosaLe C Lewis
Epdar L. GASTEIGER
Secrion af Newrohiology and Behavior,
Division of Bioiogical Sciences, and
Depariment of Physical Biology,
New York State Veterinary College,
Cornell University, fthaca 14853

References and MNotes

O Bockster, fnr. S Parapavchad, 10, 329 (1968,

- This tnvestigation was Arst presented ol the 50th
anmiversaty meeting of the American Sociery of
Plant  Physielogists, Comell Uinversity, June
1974, 1t was also presented a1 the AAAS sympo-
stumn enlithed “Esploration of primary peroeplaon
wn plants,”™ in New York City. Januare 1973 AL
e katter meeting 1ML Kmele of Science Unlimic-
ed Rescarch Foundaton, Sen Antonw, Texas. re-
ported negative results Tor expeniments simikar Lo
aurs.

kAL Horowite, 3 Lewis, B, Schalling, E. L, Gas.
Leiger, in prepurition.

4ol Codtier,  Reader’s Dipesr 103, .

1975 KL Muarun, The Wall Sreeer Jowrngd 179, 1

(2 Feh v 1972 1 Robluns and ©. Rubhins,

Sar WOl B T S ovember 1971,

The growing medium consisted of egqual parts of

Fa -

"

stertle sonl, peat, wnd pearline; 3 ounces ol 320 per
vent superphasphare Terabieer was added per bush-
el uminanee was nateral da nphi. The |'|'._|r!-

lenanee mroeram consisted of Pelers 200 20, 20
wiler-seluble  fertilicer alicrmaied m_‘_hl_q. with
EXO, L0 pound per 1000 pallons of water,
Malaihion spraved weekls, and planls wulered
daily. The wemperaivre wis MWeF durning the day,
amd S0FF al night.
G rrenig saling were obtained in dehydrated epp
[orm (Lonalife Hatch Pack. Longlile Aguarium

Froducts, Harnson, .00 and  were EEOWR 10
maturity i oa Longlile bring shrimp hatchery uc-
cording 1o the directions included wath the umt.
The cleetrodes were construecied of pohshed 00027-
inch stainless steel, shaped 1o dimensions of 1.0 by
L4 snches, with @ soldening tab e v:nlllnjr b-:-.-unu;-]
the end at o smadl angle 1o the plane of the elec-
trode. Leads consisted of 4 feer of No, 26 PVC
1y pe B wire amd were attached 10 the tah with sil-
ver-hused solder. The entire Ainished electrode was
polished 10 eliminate sharp areas and s contsct
surfuce was covered with I"-|:-I_lI gauze which had
carher been |rnp:n.-.-gn.|lr.d with @ hot solution al
0-2348 NalChin 1.25 percent Difeo Buacio apar and
then trimmed 1o meet the electrode barder.

8. The r-:cn:-rdmg clectrodes were connected o Crruss
model T opolvgraphs equipped with TP5SA wide
pand electroencephalogram  preamphifiers. Rou-
linely the system sensitivily was mantained a1 3
wv/mm with bandpass filters ser at 0003 w 150
hertz (hall-amplitude frequencies with shopes of 12
db;octave), The manulacturer's input impedance
rating under push-pull operation was greater than
30 megohms and the common mode rejection ra-
o wis | 16

9. B. G. Pickard, S Hev. 39, 172 (1971 Planig
T0Z. 91 {1972).

10 W' ure [uly ...l.l:|". Indl.l':ll.ud. wr E. Damels for techmigl
ussistunee and illustrations, We thank B. Schilling,
A Maornsun, B, Wallace, and B, Marshall lor
technical assistance, cupilal equipment. photegra-
phy, und constructive crlicisms, rcsp.:cl_n--;l_', bup—
ported By @ grenl from the Mary Reynolds Bab-
cock Foundation, Inc, We are indebled 1o C. Back-
ster for his encouragement and technical advice

-a

25 Febreary 1973

450

50 IFehriairy

Central Projection of Optic Tract from Translocated Eyes

in the Leopard Frog (Rana pipiens)

Abstract. fn Rana pipiens embryos, eve anlagen were moved 1o the evacuared ear paog;,
tion, where they continwed to differentiare and sent their optic nerve fibers into the hing.
brain, Upon entering the medulla, the opric fibers turned caudally, penetrated the sping
cord, and traversed the dorsolateral white matter 1o the caudal end. We found this pgy.
tern of growth in every animal: the optic fibers did not enver the 1ecta, These results Slig.
gest the existence within the newral tube of a three-dimensional gradient system 1o whig
embryanic aptic fibers are responsive ond which may puide the normal developmens of

the visual pathway.

During development of the vertebrate vi-
sual system, nerve fibers from the ganglion
cells in the relina 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 1s identical in different individuals
within a given species; this suggests that
the fibers arc guided systematically in their
growth through the central nervous svs-
tem. Most previous investigators of axonal
guidance in the visual system have utilized
the regenerative capabilities of the optic
tract in adult anurans and weleost fishes ().
These studies have revealed that severed or
slightly deflected optic nerve fibers can of-
ten recstablish their central connections.
But lintle is known about the mechanisms
in embryonic development that are respon-
sible for directing the iminal growth of

~axens from the retinal ganghon cells with-

i the evecup w ther Anal destination in
the central nervous system. s this initial
projection an intrinsic property of the oplic
nerve fibers themselves ar, instead, does 1t
depend on directional guidance rom the
embryonic brain during its early devel-
apment?

We investigated this guestion of axonal
guidance during embryonic development
by drastically altering the pathway be-
tween the retna and the celis within the
central nervous system upen which the op-
lic 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 bave been able Lo
cause the aptic nerve lrom the transplanted
eye to enter the hindbrain, thus completely
altering the normal diencephalic route
from the retina to the oplic tectum in the
midbrain (2}

The transplantalion operations were
performed on Shumway stage 16 to 18 R,
pipiens embryos (). 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 Lo the optic stalk was
routinelv taken in the removal of the eye
primardia, This forebrain tissue fused with
the hindbrain, thus forming a tissue bridge

between the medulla and the eyecup whig
facilitated penetration of the oplic 5o
from the transplanied eye into the cenrrg)
nervous system. The experimental animalg
were ralsed individually wntil late tadpale
or postmetamorphic stage. A modifieg
Holmes silver stain was used (o examing
the morphology of the transplanted reting
and optic nerve. The oplic tract from the
transplanted eve was traced within the cen-
tral mervous system by intraocular ip.
Jjection of 1 or 2wl of tritated v-proline
[1.3 we/ ub in H,O; New England Ny lear
(0.8 cfmM) or Schwarz/Mann (3 ¢/ in M)
24 hours prior 10 kKilling, These specimens
were then fixed in Carnoy's fluid, sen-
ally sectioned at 10-um thickness, and
examined by light microscope autorad:-
agraphy.

The translocated primerdial eve devel-
ops mlo an-externally normal eve (Fig
LAL Light microscope examination of the
retings in these transplanted eves ree alad
cellular lavering and cell densities 11 ap-
pear similar to those in the retinas o the
normal  (nootransplanted)  eves,  Thus
translocation of the eve o 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 cyes are capable of visual
function, In two preparations, we have in-
serted gold- and platinum-coated indium
micropipettes (tip diameter = & pm} intd
the transplanted optic nerve as it er 173 e
cranial cavity. We recorded action poten-
tial activity in these nerves in respanse 19
small spots of light in the visual field of the
transplanted eye,

Figure IB demansirates the alwered g
ometry of the brain of a typical post
metamorphic animal that had a 1ype 2
transplant operation, The oplic nerve from
the normal (left) eve approaches the brain
ventrally. Most of the fibers in the norml
tract cross the midline in the apicriof I
gion of the diencephalon and then prov
in a dorsocaupdal direction along its |ateral
margin Lo enter the right optic 1eclum (4).
The optic nerve from the translocated &5%
however, does not enter the diencephalo®
instead, it penetrates the medulla at 8/
proximately the level normally occuf?
by the eighth cranial nerve. The left 1
vl 18
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