John A. DBurke
20 Cyrus Point Lane
Bayville, New York 11709
Telephone: (516) 628-3291
FAX: (516) 922-7476

LAB REPORT #13: AN INTRODUCTION

As you know , Dr. W.C. Levengood has generated a series of 1ab
reports related to his study of crop circles. Beginning with
this report, the reader will find introductory highlights pre-
sented in non-technical terminology. It is our hope that this
may help facilitate communication regarding the findings to
readers of a non-scientific background.

Report #18 further defines the oscillation method currently
being used to analyze formation and control samples from crop
circles, etc. The method was intreduced in Reports #16 and #17.
After' months ¢f hard work this method has been refined as a
valuable tool, not least because the technique considerably
automates this time-consuming work and eliminates the "subjective"
choice of objects to measure (i.e. cell wall pits), previously
viewed as an objection by some.

The seeds of wheat, oats, and barley are surrounded by a thin
tissue, or membrane, called the bract. The energies which
create crop circles somehow alter the structure of this mem-
brane in such a way that (in comparison to controls) it changes
the rate at which ions (electricalliy-charged particles) are
transported across it.

The methodology is as follows. The bract tissue is removed from
the seed and attached to a positive and negative electrode at

"~ either end (Fig.l). A small, low-povwer current is run through

the tissue. While this is happening the bract is subjected to
internal mechanical stress by means of the changing water
pressure induced by short, scheduled periods of evaporation.
Tris method was adapted from a 1985 Study by .Levengood, one
paje of which is excerpted in Figure 3. Bracts which have been
subjected to crop circle energies are permanently changed so as.
to transport more lions across the bract membrane. This means
that more electric current can cross the membrane. It 1s the
differences or changes in this current which are measured while

internal water pressure is applied and then released (Fig.2).

The key factor measured is the'amplitude coefficient" (herein-
after called "alpha"). Alpha is equal to the minimum current
recorded divided by the maximum recorded as it crosses the
meabrane during periods of stress or rest. Obviously what we

are looking at here is proportional change. It is not the amount
of current,(which varies by plant and setup) that matters but

the proportional current change. This reveals hovw much the
membrane has been altered.



A new method has also been adopted for statistical use of
controls. Now, for every measurement taken on: a circle
sample, a measurement is taken on a control and the two are
compared. The odds that a circle sample's alpha value is
higher than a control's by pure chance is 1 in 2, or 0.3.
The odds that alpha values would be h%gher by pure chance in
6 samples vs. 6 controls is 0.5 X 10 -- less +bwn one
chance in a million! 1
Correlation of the oscillation method with the previous
method can be seen in Figure 4. In Lab Repo-ts-#i-14 a
method was developed using a factor that combined: 1) the
change in rate of seedling development from circle seeds

vs. controls, and 2) the percentage increase in c¢ell wail
pits {(not to be confused with stomata). The oscillation
method dispenses with cell wall pit measurement. Aas ¥Fig.1 .
shows, seedling development rates generally match the alpha
vaiues determined by the oscillation'rethoed, demcngtratin

the accuracy of this new teChnigue.. Samples and ca*‘rﬂ‘%
that had been examined with the old method over the past fou

years have been labecriously re-examined with the cagiliztion
technique and the results agree. Thus this is a further
confirmation of the earlier work and an indicator of continuity.

Note that crop circle energles are not neatly predictable in a
linear fashion but exhibit some characteristics of determini-,
stic chaos. 1In Filgure 2, sample "Ring-5" has only slightly
higher alpha value and greatly higher growth rate. Nevertheless
ring-5's alpha value is above any control, and such a result is
to be expected occasicnally from any event involving turbulent,
chaotic energies.

Note that differences in energy levels within the Forpatiec:t 22n
be traced by comparing the alpha values of thso Sanies. *
perhaps most exciting, a "proximity effect® nhas bpeen lgvnt
(see sample "Prox-10" in Fig.4). Standing crep up to @& she:nt
distance from a circle shows the effects or cirale energi2g.
Control samples are taken at least 100 meters avay and show
mg.gﬁgects- -

.

. A fznal, 1mportant note. In 1993 numerous samples wers

- examined that came from deliberately ¥hoaxdd" wheat,

fia saned by was- a&nd- sampled @t varying time intervals,

in nane a£ these.were higher aipha values or grthh rates
; red . 15 strongly feit that this and previous

O place,;tha “bhurden - of proof* sguarely on the

] ieged hoaxegs. If they arg to have us

£ 2 14ims . then they must show us how Lhey

h&mgad the alpha factors asd seedling growth rates in

 erep they: fla&hened. Farther, theyymust show how

ﬁhéﬁ‘@séﬂﬂced shis effect. in sptanding crop at the edge of

ﬁh@ ormation. .If they cannpot show this, why should we

Bore valﬁable time listening to them?
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XESEARCH REPORT: PINELANDIA BIOPHYSICAL LA,
Technigue for Examining Crop Circle Energetics

{Introdurtion

In & monggraph 1ssued last March (Report No. 1S) data were
sented which related to the very 2arly investigative phases in a
Choprograin directed toward establishing a methad which would
j stinguish between crop circle formations and normal plant
x.‘ ncluding of course man produced plant crushing). in general this
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search was based of the hypothesis that, since very well defined,

g nfuram differences kave been observed in the cell wall pit size data
rorm bract tisaue obtatned from crap formations, ohe right aso

anticipate phyzical alieraticns in the cellulosic microfibrils Comprising
the celi walls of the tracts and seeds. This report discusses the

cantirmation of this cancept and its use as a verification method for
gramining the distribution of energies within crop formations,
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The rizin purpose here i3 Lo presant the reader with a general
utiderstanding of how this methad is applied to the crop formation problem
and to intreduce data from a typical sampling problem. This iz nat
Intended as & “how 1o - procadure manual™; to da thiz would entail
considerabie technical details not really of interest to most readsrs
cencerned with the crop civcle phenoriena. In the Tuture this quantitative

:hmque far examining crop circle formations will be reterred to as the
GOS0 (nduced nzcillation? method,

Following the months of work in the earty exploratony phases it
became quite apparent that there were a number of issues which had to be
examined before embarking on any echeduled prograin of direct application
to the crop formation problems. These egarly data clearly suggested that
the cell wall microfibril configurations were being altered by the crop
Tormation energies; however, a number of criticael questions remasined as
b the Tunction of the parameters within the experimsental arrangement
i int the 'xfaﬁr‘iai:si!ifipa *M’fhin thﬁ 05C methoid The
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the basic mechanisims involved in the
> from the hydrating tissues.

23 Conduct aoparstus modifications until one approached a minimum in the
experimantal errors reiative 1o the natural variations cccurring in the
alant tissues

wmpietely understand the nature of the responses and be able to
izely control the periods of the induced oscillations.

u?:ﬁ

43 Conduct & large etﬁtée cdu based study to determine the Jevels of

significance between the @ipha values obtained in crop formation tissues

compared with those *rn:.m normel, upright plants (contrals), lodged and

ran crushed material,

5} xamine ti’r gquastion - 12 thare any relationship between the OSC data
sI and *he r:rop forration energg mduwd tranultmna irt

[f
t
embrgn ermmatwn in the aarlg :mmature plant matenahr

All of these tosues have been critically examined and there appears
i3 e no problems or barriers preventing the use of the OSC method as s
verification tonl As a final commant it should be again pointed sut that
this 15 an automaeted system and the final data are presented on a chart
recorder. in other words no sheervations ar messurements are made by the
experimenter until after the test run, at which time the alpha values ars
taken fram the recorder chart and entered into the computer for analyses.

i Details of Yerification Method

ihe experymental procedure 1s based on the automated monitoring of
cantrali 93_. induces ascillations in the transport of jons through the bract
tizsues of plantz. The magnitude of these oscillations relate to the
structiure of ton channets or submicroscapic, molacular pores inot to be
contuzed with cell wali pits‘r in the cell membranes of the plant. In
general the tissus is placed under conditions of non-tinear oscillation
kinetics. within the bract membrane systam there is a coupling between
glectrical ahd mechanical Yorces,
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Veritication Method

:chanics of creating this electrokinetic situation is
s—i: ,thra mighly schematic form. The whpat bract is used
gt e ina fethad has also been sucoessiully extendead
) SArSE Y "’“""E t._tar ) and Jee asys (corn) The
oss the surrogate
tion swabst saturs ed Wit h dumm‘ed water The do voltage
applied across the electrodes produces slectrophoretic transport through
the bract tissue (ses comment at bottom of Fig. 1) The contralled
asciilations ere induced through the application of hydroststic prassure
pulses ( P within the microfibril netwark of the plant cell walls. The
experimental details of producing P will not be discussed here.

Thiz generat type of mechanneiectrizal transduction methodology
has beer praser 'U;'Ei under the framewaork of "The Teorell Oscillator
Merrbrane Model”. Teorelt{l] developed this concept as g suggested mode)
Tor expiaining electrical oscillations in animal nerve fibers, and it was
Tal

-

tu:*r painted out by Page and Maeres{2) ag being implicated in electro-
molic-ion-water flux coupting in plant cells; hovwever. these workers
used a synthelic membrang in their experimental siysiemn. The existence of
arn induced elecirg-mechanical ascillatory transduction in the cellulosic
microfbrils of zeed tegta was shown by vaengond@? in 1985, Eaproduced
i F1g.2 12 the page from thiz ion transport paper showing the electrical
r‘la*-»puﬂ.-E' 12 the mechanmtcsal stimulations.

Felerences
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ity Tewrell, 7. {1960) Electrokinetic Considerations of Mechanoelectrical
Transductian. Am'*?"ls Mew York Acad. Sciences, pp. 950-9A5.
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F and Meares, P O19732) Salute-wWater Interactions in the
: tor Membrane Model. in lon Traneport in Plants, ed Pow.
ﬂ,z'rdetsm, ,-ﬁ.c:ade.n'nt: Fress, NY., pp.o5s-75. :
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(33 Levengood, W.C. (1985) lon Transport in the Testa of Germinating
teeds. J. Exp. Botany, 26, pp. 1053-1063.

i ne main purnase of press ?mj this historical perspective is to provide
ihe reader with references i7 further reading ic desired, and to
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demenstrate that the procedure, although complex is based on sound
scientific onncipals
Frezsure pulzes § Frare contrelled to provide 12 min pariods (6
minoan-of T the inguced oscillation within the ionophoretic transport.

. F1n

fig chart rasponse curves 1n Fig.2 orovide an exsmple of the large
amplituge {alpha |} e* 13 aifrerences which are often obtatned between crop
for rmjtmra and contirol samples. From these chart recorder traces, detailed
statistical a,;aluses of the nsciliation patterns have demanstrated that
the zr‘rspcv’fa*at Tactor (in relation to the crop circle verification procedurel
1z wihatl hias been termed the "amplitude coefficient” or alpha (X ) for

Cbravity purposes, and is given by;

== A i)

vwhere im iz the pesk oF maximurn ion current Tor {hat cycle and ﬁam the

aimplitude of the current (determined by the base Tine level of the
minimal, as indicated by the arrow in F13.3, pointing to the firet cycle wf
the Tarmation test,

Each sample run provides Tive aipha values per trace. The current
procedure tnvolves 1% replicate tests on individual bracts {each selectsad
from g differant plant i7 available) Controls and crop circle samples are
ran it alterrate tests, The 30 data points (alphas) are entered into a
camputer program ("Statview”) which provides a convenient means of
statistically analyzing many aspects of the dats population. The mast
reliable, consistent information from the alpha values is based oh a
slatistical analysis of the paired, thirty data point alpha populations.

For the reader to understand the Time expendad on a verification test
the Tallowing tadle was prepared fram an actual test run {to be discussed
in the Toitowing section; performed on oat samples submitted by Mr Chad

Oecthen in 1992 The sample graup included seven sots {6-8 plants per
sel) Trom the Tormation and three controls - typical of a good sample
colleciion
4} Fora 10 sample zet with three replicated pairs this gives 30 test runs
tatal
U) Dperatlar Lims:

sampie pregaration and electrode cleaning -

ghout 10min et run (300 min total) ——eemmmmme e S hre
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Alpha caloulatians Trom raw data taken from
hart recarder and endering into computer —--- oo S hrs.

{"l

Toial 13 hrs,

£

o} ADparstus running

al 1S hrastest ruh ——mmmmom e Total 45 hrs.

P -
HTE

It should be pointed cul that verification tests becorme more informative
the greater the number of zamples and controls submitted from s
part:cular formatian,

1. Crop Formation-Application of Hethud
i Report No. 15, issued June 22 1693 are results from studies

conducted on two crop formations fm med at 4Albertsville, Canada, one ina
wheat field and cnie 1 cats Both Tormations have heen verified with the
new technigue. The rezults from gats (K5-01-94) were selecied here o
demnonsirate the application of the method. The diagram of this farmation

az ¢hown in Report Mo, 16, locates three samples within an inner circle,
three in an puter ring, one "proximity control” taken 10 1t radially from
the outer ring and three controls taken 25¢ ft. from the formation.

The rmgan amplitude coefficients or sipha values from all ten

=3 |l;_t19"‘ i summarized 1n the upper‘ bar chart in Fig.d, with the sample
cegl 9.,amm belew each bar {"Cir-1" means sample *1 from the circle,
gtc.l The horizontal da&:hed-hﬁe zhows that all seven formation sampies
rave mean sipha values {Tour with P<0.0S) which lie abave the highest
rean in the controls (Cont-7). Let us now consider the possibility that
thic happened by chance. |f we select one formation cample, there iz a 0.5
probability that 14 w1t He above a cantrol sample (neglecting the rare
crance of identicel values) The probability that this izelated sample will
lie gbove all three control samples is {0.5)% or 0.125 which is not of high
stgrificance. if we now consider the probability of the mean value in ail
SEYEn sample bﬁ'nq figher than all three controls we obtain (0.125)7 or

ghout 0.5 % 1070, that iz, 12z than one chance in a million for this
distribtion of fha_x alpha values in the formation samples being totally
random.
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The tower Dar chart tn Fig.4 summarizes the seediing development
faa:tm‘ ‘aiso discussed in Rep Mo 16] obtained from seed germination data
l?u‘!lfn tp1e same samale group. The dashad line serves the same purpose
g above, and here again we tind all seven farmation bars T4ing
. ! atthy w:;h Ring-4 sample 13z aniy Llfqhtlg abovel Apolying
the sarme argumen 3 T propalbility we again Tind & Tess then one in &

iz chance of this distribution being a simple random pattern.
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implications arising from the dats presented extend considerably
beyond the simpie procedure of determining the “authenticity” of a crop
Tormation. Below are a nurnber of comments which may help to illustrate
thiz point.

a) The two sets of bar chart data th Fig.4 not only have roughty similar
patterns, hut they also clearly suggest that the crop formation energies
are influencing both the macromolecular structure of somatic tissues
fbract) put also the bicsynthetic pathways in the germinating seed tissue

by Wariations in the mean alpha values are Quite apparent throughout a
crop formatian and 17 sufficient samples are available it not anly
establishes the Tact that the transient energies produce
phenomenalistically consistent residual energy signatures, but may atso
prowide 3 means of mapping the energy gradients within a formation.

) The high alpha mean far the "Prox-10" cample {(far right in the bar
charts of Figd) 1s way out of line with the "Cont.-7-5-9" eamples and
3gain contirms the tact that the energies creating the ceed and bract
tissue alterations can "spill cver” and extend beyond the formation (also
observed in the Kennewick farmation, Fep. Mo 170

di During the course of establishing this procedure, numerous test series
were conducted on reported lodged plants and man produced plant crushing.
Most of these were from 1993 test series sampled by Mancy Talbett, Jdohn
Burl:s, Chad Doeth ken, et al In nong of these tests has there been a
xtatistically sigrnificant increase in the 0SC values from the 1odged or
downed plants, Most of these data will be discussed in Tuture reports
wiers they appiy 2 the oversl! sample survel. :

Or W T Levengood
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Fig.1

SCHEMATIC DIAGRAM OF CROP CIRCLE VARIFICATION SYSTEM

AP (cyelie)
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SEED CONTACTING-BRACT ! c? E:f

FLORET STEM

Ionophoresis under conditions of controlled oscillations of
hydrostatic pressure (AP) within the microfibril network of

the bract tissue. System modified from; Levengood,W.C.,
"Electrophoresis in plant cell organelles", Bioelectrochemistry

and Bioenergetics, 25, pp.225-239 (1991), to produce electro-osmotic

flux coupling.



Fig.2 Example of elctro-mechanically induced oscillations.

1062 Levengood—ion Transport in Germinating Seeds
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FiG. 5. Eleclrical conduclivily oscillations in a partially hydraled Heliamhus amnuus pericarp section
given mechanical flexure. Potential of 1-5 V applied across sections about 3 x 10 mm with meclianical
bending stresses applied a1 aboui § s intervals.

I

celis exposed to light (and the accompanying heat). For example, Zeiger, Moody, Mepler,
and Varela (1977) report an increase in membrane potential diflercnce with light exposure
(thermal energy) in Alliwm cepa guard cells. Bentrup, Gratz, and Unbehauen (1973} in
addition to showing a general increase in membrane potential with light-on in Jeaf cells from
Vallisneria spiralis also observed a transient hyperpolarization with light-off and a transient
de-polarization with light-on; exactly opposile the responses shown in Fig. I with the sced
coat hydration. Onzimportant difference between these fully hydrated cell walls znd the see
coats is the state of cell wall fexibility. In the seeds the cell walls are still vory rigid zndd
moisture is at a low level. The factor controiling ion movement in the seed con* tizruss is
micropore alterations. In the fully hydrated cells the situalion is more compler willi
photosynthesis and ¢lectrogenic ion transfer occurring in the more hydrated, flexible
membranes.

As rapid, transient changes in ionic concentrations and pressure differences are imposed
on the celi walls, very pronounced and rapid changes in electrical corductivity may occur.
That such rapid changes are possible under conditions of varying cell wall extensions was
clearly demonstrated in the preceding section dealing with mechanically stressed microfibril
networks. This rise and fall in potential with applied stress (Fig. 5) may depend on how the
spatiai pattern changes in the cellulosic microfibril network. The direction of the bending in
the seed coat sections is approximately at right angles to the lateral microfibrils in the cell
walls, extension of which could have a profound influence on the molecular bonding and
surface configuration of the media supporting ionic conductivity (Green, 1962). A simple two
dimensional analogue of these spatial changes may be seen by holding a piece of cheese-cloth
up to a light source then stretching along one or both axes. Quite marked changes are
observed in the pore sizes and shapes due to mechanically induced alterations in the
macrofibfe network. It has also been suggested by Steudle and Zimmerninann (1974) that cell
wall extensibilities and pressure eflects may account for observed oscillatory patterns in
the electrical responses of plant cell membranes. Page and Meares (1973) were able to
produce electrical potential oscillalions by creating pressure differences across artificial
membranes.



Chart recorder traces showing induced oscillations in a
formation and control sample set.

Fig.3
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Fig.4 Alpha values compared with seed growth data from a
Canadian crop formation,

Alpha Distributions (K5-01-94)
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Fig.3 Chart recorder traces showing induced oscillations in a
formation and control sample set.
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