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Making rain while the sun shines
Some schntists have maintained that cloud seedinc _ the

practice ol disp€rsing chemicals into cumuluc clouds in 6rder to
ma*e rain-is about a! effective a.s palng someone to do a rain
dance. ibr midwestem larmers and water manAgers, however,
cloud seeding ha.s often seemed to olfer hope in times ol
drought. North Dalota larmer!. lor instance. hive had enouch
confidence in the procedure to target 6.6 mi ion acres lor
the "store-bought" rain at the cost ol 5c an acre, a state
meteo.ologist estimates.

Skeptics have never doubted that when silver iodide seedinc
agents come into contactwith a cloud's verycold moisture drogi
Iets, ice crystals-$fhich become raindrops in warm weather_
are lormed;in laboratory cloud chambers this is known to hap-
pen. But could the process wo.k in the field_or, perhaps moie
aptly in this case, in the sky-where the real clouds roam? The
skeptics doubted that seeding agents disp€rsed at the base ol a
tall cumulus cloud could wend their way 5,000 to 12,000 leet up,
to the part of the cloud that contains moisture droDlets.

Last month. in a collaborative eftort. scientists from the North
Dakota Weather Modilication Eoard in Bismarck and the Na-
tional Oceanic and Atmospheric Administration (NOM) in
Boulder, Colo.. took to the clouds in order to settle thinqs once
and lor all. The researchers released a tracer gas-sullu"r hexa-
fluoride - simultaneously with the silver iodide, and then fol-
lowed in a second plane equipped with detection equipment to
monitor the tracer's dispersal.

'The stuff had a bit of a climb to make," says John Flueck, a
NOM research scientist, "but our preliminary guesses are that
in at least one instance the seeding agent was successtul in
reaching the level where the cold water is." The iesearchers also
tested silver iodide with sodium chloride. This combination.
sa)6 Flueck, "works much more quickly-because the water in
the cloud doesn't have to be as cold for it to work..
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Sky-Seraping Torvers to f,Iake ltain
a RAIN is caused, as everYone knows'

by the upper eir's becoming too cold
to hold any longer the water it contarns.
Consequently, the idea that rain can be
made by firing bombs into the skl" to
shak€ loose the water, is impractical.

A French meteorologisl Bernard
Dubos, proposes to produce lain bY
l€nding Nature a hand; in othe! words'
helping her to carry out her ro!trne
process of drawing h€eted, v/ater ' laden
;ir from the surface of the earth, and
cooling i t  (by expansion into thinn€!
atmosphere) until the rtatel codes
donrr again.

His project, illustlated lere, i6 to
Dut uD stupendous towers of concret€,
i o l t ow  w i t h rn ,  qh i ch  q i l l  c rea te  d ra f t s
in the same manner as a factory chim-
ney. The ascending air column will
ca i r y  sa te r  uP  \ * i t h  i t ,  as  vapo r ;  and '
*.hiilins vanes s'ill distribute it in all
directio;s. By this means, M. Dubos
believes, the natulal moisture ot the
ai! can be readily increased. Such a
tower, steel reenforced, and two_thirds
hlshe! than the Empire State Building'
would cost about $10,000,000, it is esti-
mated, and be of gr€at scientioc as weII
as climstic value.
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I t  $i l l  talc mrrry ).crrs heforc al l  thc beh-
c6t that cnD hc obtoi led frunr thc process
is f inal l-v :rrr ivcd :. .1. At present; i t  h;
bcen vorked out onl j , for.rvhc:rt ,  oits. aDd
l).r lc1; Lut cxperirDcnts have shorvn lhat
it.s $dv.ntagcs extcnd to maDl, othcr
kiDds of sccds. Trrrnips and olher rooLs,
rnrizc, r icc. cabbhgc, aod ntany ot lrci
Irl1rr,fs gro,yn from sccd arc kno*,n to
lrrul l i t ;  i rut for thc;c rc prorcs: is loi
lct rccorn,ucrrdtd, lrccrrrse tbe .r_.: . ,  cl  cc,rr-
{ i i i io,r l  } , l rr(,  nc, l .  l_,crD rLoroir, : l  l r  r : :L.r.r-
l r j n . i l  l i . r r r  < ,1  t L r .  r r , r , . L  r c r i . : r 11 : r l , l e
r r , i u l l s  hx . , c  bccn  ( i ) i 11 in  ( l  f r o r ,  ( i l ! ( . t r i f r -
inA scc(l  nctr loer; brrt  l j rc resri l t .s r,rr:  rr, , t
] .et sum.icntl)  uni lorr,r to juj t j f l  i ts
apl)! ical ion on:r lergc sr.. . le t !r  I ,otetocs.

I _L ,  r r i f i c r t i on  o f  sn , . , l s  r r i l t  bc  : , , 1u r . , ^ J
on 11 \'erli largc scalc in Ilrrgland for Dext
year's Larvcst. Dvcry larrno nho leg
tr ied i t  oncc upon o srnl l l  acreagc Nil l  usc
it frecly; and though it has scaicclr.b,.,cn

a<lrnrl ised at al l ,  fnrmcrs talk to one another, t l ,cv
sr,.  the art iclcs \r r i l , ten by orpcrts \r lo hsvc inslrcctci
thc crops; &Dd the ,lmoudt of secd that will be
elcctrificd for next yeer's hqrvest $ill bc oractic-
al ly I imitcd only l-ry the pacity of tbc l , l r ; t  l t r id
don-n- for the purposc, In Great Britsin the proccss is
eslabl isbcrl .
'_ So cmphnlical ly truc is this tLrt Dr. \ \ ' ra1,, the I 'ni ted
Stet.,s- Insyrcctor-in Chrrgc in Crcat Britain, aftcr an
extendcd tour of inspcctior, of farrnq he5 adviscd his
Gorerusrent to havc imrncdirrte tr i l ls uadc: 'n everv
Statq of the UDio,i .  1o my mind, the t lne for i ,r ials is
past. l'urther trials are but s'astc of vlluaLle tirnc.
1\'e must flrce thc fact thr.t thcrc is a ehortoge of food
ell over tl:,' rsorld, aud that this shortege uil-i bc nrost
{rcrtely felt ncrt Jr3r. It is ncxt year th.rt th(. jncreascd
lrro. lu.t io[ wi l l  Le rrr;uired; and furtLer tr ials. rhicb
could tcl l  rrgDom,rrc lhrrr rvckno$ alreadt. r"ouid onlv
JrcslDor: lhe edop{i"n of lh- tro"oss for-another tca:.
I t  is l faDl.cd !oN, and badly \ !anted.
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Elcctrlclty a! a Tre€ Pelt Cur..-ltteDt paDerr $ere
recently grantcd to Isodore l(ltsee, tr Pbllodelphlo h-
reotor, caverlng rt proc$s for the dertructlon of lnEect
ond germ llte bnrmful to pl:rnts oDd tre€s, tbe €lectrlcol
nrethod tnklng tle plocc, to n greot extent, o! tlre usull
lprnJ'a |rud otller.nnpllcotloDs, Thc procers c$uslsts ol
Drnklng {ln nDpllmtloD ol o loltrtlon such trr stlllDe
r$ter \rilrcre the grouhd ls to be trefltcd, lrud tbeo cltus-
Ing d,current ol electrlcltl to be D{ssed throuSh tbe soll,
n'hereupon the gns generatcd $ lll rld the soll of gerrhs,
hrrne oDrl lnsects wltlroot the l€lrst lDjnrf'to the rege,
tltlon. lvherc n Inrgcr nrcn ls to bc trc^ted, lt ho!
lFen found desllnble to dlg 8hollow trelcLes nt opt]oslte
aldes of the flrclr to l)e treflted, Itod tie electalc ter-
nrlnnla nre nlnced ln these. An oJ|lllclrtloo of e 8otDe.
$.hnt rnore porverlol culretrt rvlll rtd the eDtlre areo
ol lesta. Wlren the l)l{nt ltselt lB to be trqrted, tbe
aol[tlon cnrrJlng ihe elenrent ls lldde the electrollte
ln on rppnrntus, nrd the Jrlflnt sprirled vlth n solll oD
lftcr deconlposl orr has tokcn place througb the dcflon
ol tlle electrlc cuneDL

l , t i , j , 3 r i i  I ) t . t s 1 - n ( ) \ ' l r r ;  t \ s l : r " l s  I L \ l l l l l : l - i t ,  1 o
I , 1 , , \ \ 1 . t ,  , t . : .  I s  r j r ) n  I i r r s . r : .  I  r , i l r , l . l t h i r .  I ' r  I l l . d
l r ' . !  r : .  1 1 ) l . l  S r r , r l  I o .  s i r i , S r s .  1 C l .  ' l o j - r  )
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l i r r i f  o r  . g : r  I n f . . l i r i a  l n ,  t . i l  \  | l i (  l '  ' n D ( i 3 \  ' n  I n i
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t n , j  1 n . , . (  l l ,  i , l r  f n , l  n i . l r l r ' g  l l r .  ' r r r r f  . r r r l r l ' l c  f o r  l h r
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4  l h f  n r r r h o , l  o l  r l , \ t r . r i r r . l  t h o  h r \ D  t r  ' i : F s  o I

o h h o x l , , r r \  i r r s r ( t !  \ ' h l . l r  r " n ' i ' l {  ! n  l r o r i n i ' :  t h r  n " r

l n l r r , i l . , l  t ) !  s N l l  l i f ! .  n r  . , r : i  N l r h  r  r o n r ! , u n d  c r r r v
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Fenee Shoeks Flsh
Otrr in Califomia, foolish 6sh who b-.v to

s\\'im into irigation ditches are going to
cet the shocli of their l ires. A marine ver-
lion of the electric cattle fence keeps ffsh
out-$ithout hurting them-u hile iassing
Nilter or debris- Shoqn at right. it consists
of a free-srvinging rou of electrodes. con-
nected to a Senerrtor. The electrodes slight-
l r  < l ra rgc  thc  r r . r te r  a round tbenr .

lnrented br l icnrr T. Burler. of Hcrllr '-
smd. C.dif.. t l , '  f isl i screen u\es a qen-
erirlor he derel,,ped iointlv sith \\-esting-
house. \ettings in Califomia hle shosn
th.rt nt times as mrn| as 5.(D0 sLLlmon have
been krst in a single irrigation ditch in a
2,1-hour period. Hvdrclectric plants and in-
dustrial pumps are other hazands.

9{ rorur^r sc'tn ct
r \ , r
Ut1 '{7
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cttLoRoPHYL ENERCY oVER rlnEs

Dr '  T '  G'  l l tc ronvtua

About  1930,  I  dcctdcd to t r t  rn  GrP' r lo€nt  of
conduct tnt  Chlorophyl  Dnct3y ovcr  v l rc l .  I  hed bcan
conduet lnS EloPt tc  lnct35r  ovcr  lont  d l r t .nc '  v l '
v l r a .

A vood Pl r t fon u. .  tnr t ; l lcd on thr  touth t ld€
of th. houac .bout alr frct rbovc Sround. L'tcr
.rp.rlr.nt. ft$lcetc that th. ?htforr lutt bc rt

lcirt 6' rbovc around tn otdcr to let tha declrcd
potcnt l . l  o f  rncr3y nt lch tncrorrca Yl th  d lat rnc '
abov. lround.

nivtni rooc modcn ctjrr boxc. .v'll 'bler I cut

boxar eprri and cut glcccr lnd rdc .ttht boxrl th't

rcr. 2"i2'.r4" rl thou;h rny .lt. borcr rll l rork'
Alualnr.! foll vrr plrccd on th. bottoo of lcvcn

boxcr  lnr ldc ro. .  to  b.  tn  cont .c t  r t th  thc 'o11 '

Sl l t l r r  P l "cca of  fo l l  rcrc  a l rccd on thc und' r  ' ld"

of  thc l id  of  crch box.  I l rca vr r .  conncctcd to

crch p lcce of  fo l l ,  thr  y l t .a  f toE thc l lda rcra
cxtandcd to thc run p l r tca,  thc r l rcr  f ron thc bot ton
fot l r  vcrc connectcd to thc er t . r  p lpc rnd thur
groundcd.  Scc f lgur :  "2"  lor  dct r l l r  o l  the box
cona t ruc t  lon.

o f
o f

lGf" r  to  f lgurc r r l l  y t lch ahou!  e r r r ldc"  v lcv
thG lnr t r l l r t lon.  l l tur .  "3 ' r  rhovr  thc ry l tco
connect  lonr .

Seven p l ! t c !  rc rc  p l rccd  on  th€  p l . t fo r tD ro  rE
to  p lck  up  energy  f roo  th r  lun  rnd  a  g t rc  r . ! !  connec-
ted  to  each p ls te  rnd  ex tend€d dovn tn to  the  br re -
t | len t ,  cach box ,  h lv ln t  the  top  fo l l  p l l t c  connectcd
v l r  s l r€  to  !  p l r t r  ou t  on  th€  p l l t fo r i !  ln  th€  aun
I tBht .  T tc  c l3h th  box  hed rp  connrc t lon  to  th .  ou t -
! i d e ,  l t  b c l n t  t h c  " c o n t r o l r r .

Th .  p l r tc r  on  the  p la t fo rE ecrc  r l l  d l f f l r cn t
tn  r l ze .  The r rne l le r t  u r r  2 " r4" ,  thG n . r t  4 "16" '
th r '  l r rgcr t  vo !  .bou!  E" r [0 " ,  rnd  ona g l r ta  va l  coP-
per  acrecn u l r " .

Sot t t r  d l r t  e ta  rc r? .ncd  rnd  | r 'o f  d l r t  p l rccd
l n  c a c h  b o x .  O r t  l a r d t  Y a l a  r a l a c t a d ,  r l l  o f  u n l f o n
r l rc  rnd  p lan tcd  ln  tuo  roea o f  5  acada rp rccd  ln  cech
roe,  th rn  l "  o f  d f r t  uar  p leccd  on  toP ln  th .  box ,
The rlhe rnount of l,!t?r uer addld to cach box al
needed f roo  day  to  daY.

A l l  o f  tbe  t€cdB sproutcd  rbout  the  s r r t le  tk  c .

T h e n  u r  n o t l c ? d  t h e t  t h r t e  u e t  n o  c h l o r o p h y l  l n  t h e

l 0  p l a n t r  l n  t h e  c o n t r o l  b o x ,  A l l  o f  t h e  b o x e s

connected  to  ou t r lde  P l ! t€ r  h rd  P l ln ta  r r l th  nuch
c h l o r o g h y l .



lh J3r? qutt. Irrgrlrad to rDt. ahat tht plantr
ln  boxcr  v l th  lor lc  outa ldr .  p le t r r ,  rccrned to look
r t  l f  th"y b.d btcn aubjcct .d  to  h. r t .  Apgrrcnt ly
th.  l . r ! .  out r ld? p l r t r r  rcrc  br tngln3 ln  rn . rc .ar  of
.ntr3y coGprrad rltb th. aft.ct of 3h. .n ll alta
o u t r l d .  p l r t . ! .

Y.ry aoon, th. Dl.ntr !r.v too t.ll fo" thc
ar.ll aDunt of rhetd rooer 1n tha borat to arch bor
vrr cqulpped rlth a aprc.t to r.la. th. top of .rch
l ld  up rbout  3/4" .

llrc borcr urrc pleccd on r rh:lf tn th. a of
th. b.t.ant slr.rc th.r. Irt ltttl. l l3ht, rlth |F
vlndorr .t th.t .r{. Alro, th. .htlf rrr l.pr d.st
bt. bo.rd phcad ts !roa3 ar|d .noth.r on coP to

.rclude .ll l ltht. lh. phntr r.r. d.rt .l l of !h.
tl...rc.pt dt.n th.tf rert trlatrd by flerhlljht.

A frt.nd trl..d to dupllcrt. thc .rprrt!.nt bu!
d ld t$ t  to l loe a l l  lnr t ruct lonr .  lhc l r  br r6.nt
vrr only rbout I t.Gt froo brecrcnt floor to 3round
l"v? l  outr ldc.  lnat . rd of  p t rc ln t  th .  out . t .d .  p l . t . r
rbov.  l round 6 loet ,  thr t  le ld  the r . t r l  co l l .c tor
p l r t . .  on e borrd thr t  l . ld  dn th.  $ound,  thu.  th .y
dld not hrvc thc potrntl.l dlffcrcncc bctuc.n outrld"
coll*tor and tnalda borcr rnd thc crp"rlDlnt trt I
fe l lurc .  A l !o ,  th . re 9rr  I  r lndos nc. r  th l t  l . t
inuch ltght lnto r.filr" tht box.. vcrc Alrccd.

Anyon" v io  exp?ctr  to  dupl lcetc  rn Gxpcr lncnt
rhould be rura th .y  knor  r l l  the f^ctorr  rnd thr t
thcy fo l lor .  th .  ln l t ruct lonr  axrct ly  v l thout  rny
subr t l tu t lon or  chrnge.  And r r  to  chenges,  l f  you
. r e  t r y l n t  t o  R ? t  r  r p c c l r l  r c r u l t  a n d  a r e  t r y l n g
out  lcvera l  ncthodt  or  ldcet ,  one of  thc cord lnel
polnts  to  dolnt  Bood york ls  to  r l rk€ Ju l i i  ONE chrngc
r t  a  t th€.  Th€n you knor  Jur t  rAr t  th !  rc tu l t r  r r€ .
l f  you nrkc tvo chlntcr  and thc rcaul t  l t  ld lurc ,
you do mt knor but thrt on" of thc chrngaa rey hrvc
b c c n  r l l  r l j h t .  ( r c r  D l g u r a r  t l r 2 r i l ,  n . r t  2  p . ! . . ) .

ly: Dl. l. GALIN HlElO[IxllS

r t t a
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a6Beruon Eledronics\
Route l, Uox 143 . Nlxotr. TX 78140

V S P  #  + L 6 I + 3 1

INSTRUCTIONS FOR USE

F o r  y o u r  c o n v e n i e n c e .  t h e  c o i l  w i r e  h a s  a l r e a d y  b e e n
connec ted  to  the  nega t i ve  and  pos i t i - ve  pos ts  o f  t he  t rans fo rmer
b y  t h e  w i n g  n u t s .  A t  t h e  o t h e r  e n d  o f  t h e  c o i l  w i r e ,  a
s m a l - I  a m o u n t  o f  i n s u l a t i o n  h a s  b e e n  p a r t i a l l y  c u t  a w a y  t o
e x p o s e  t h e  w i r e  i n s i d e .  C o n t i n u e  t o  c u t  a w a y  t h e  i n s u l a t i o n
in  th i s  manner  un t i . l -  enough  w i re  i s  exposed  to  reach  a round
y o u r  p o s t ,  t r e e ,  p i p e  o r  a n o t h e r  w i r e  a t  f e a s t  t w i c e .  T h i s
fo rms  a  co i l -  wh ich  no  an t  can  c ross .  You  may  wan t  t o  use
some tape  to  ho l -d  down  the  l oose  end  o f  t he  co iL  w i re .

The re  a re  many  more  uses  fo r  t he  con t ro l  box .  Fo r
i n s t a n c e ,  i t  c a n  b e  u s e d  a s  a n  e l - e c t r i c  f e n c e .  J u s t  c o n n e c t
o n e  p o s t  t o  a  g o o d  g r o u n d ,  ( e i t h e r  p o s t  -  i t  d o e s n ' t  m a t t e r ) ,
r n d  f  h o  ^ i - h o r  n . \ c f  f  ^  t . ^ ! r ,  € ^ - ^ ^  . . ' i  - ^  ' r ' h  i  -  ' . . i  1 l  ^ 1 ^ ^ ! - i  t , ,-  - ( J  y L r u r  . L E l i L E  w r r c  w r . _ L r  E _ L E L L ! r r y

a  f e n c e  w i r e  f r o m  t h r e e  t o  f i v e  m i l e s  d i s t a n c e .  T o  b e  u s e d
^ . n n a . f  . r n o  n ^ c  I  f  . \  :  . ' . ' \ ^ . 1  n r ^ r r n r i  : n . l  t h ac r s  c r  L c r L L r e  P ! ! r u  L  v r . L  I J V J  u v u u  9 !

o t h e r  t o  a  w i r e  r u n n i n g  t h r o u g h  a  p i e c e  o f '  o n e - h a . l - f  i n c h  P V C
n i n c  n €  r r h :  f  p \ / p r  ' l o n o f  

h  i s  r - o n v e n i e n f  f o r  r ' ^ , ,  T h o  o . r ' t  ^ F  t h a t

w i r e  m u s t  b e  e x p o s e d  a n d  a t t a c h e d  a t  t h e  e n d  o f  t h e  p i p e  w h i c h
w i ] l  m a k e  c o n t a c t  w i t h  t h e  a n i - m a l .  T h i s  w i , l , 1  n o t  h a r m  t h e
a n i m a l .  T h i s  u n i  t  p u t s  o u t  a p p r o x i m a t e l - y  t / 1 0 0  o f  a n  A m p .

f  h o  l n  i t  i c  r r n n l  r r n n o d  h a f n r o  m : l z i  n n  r rA I W a y S  m a  K e  s  u r  -  -  - - ,  . . . - , . , . . "  - . 1 y
h n n k - t r n q -  S h o r r ' l  d  f h - - a  h o : n w  r y t l p c f  i / \ n q  . o n . t r r n i n r '  t h i c  r r - i t

o r  a n v  a D D l i c a t i o n  t h e r e o f ,  p f e a s e  f e e l  f r e e  t o  w r i t e .

F O R  M O R E  I N F O R M A T I O N  C O N T A C T :

BENSON ELECTRONICS
Route I  Box 143

N ixon ,  Texas  78140

(5 t21  424 -3373
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lim Eenson demonsl'?tet the yaard'vart, which uses an eleclrical cha'Ee to de'lroy znls'

Ben",ng.; € ^"f.-e PelS€ C TK ) e,JC,. zto t1V{

Benson's Yaard-Vark invention

bord€r ing rhe Gul f  of  Mex'co
and in Central  Amenca ano
Mexrco.  aU areas \ r 'L lh a t re-

rids farmers of annoying ants
Bv Suzanne Htlliburton
si.s$ u'riter

BRYAN Abour !q'o J-ears mendous ant -proitems' The

" ^  
L m  R - n . . ,  P l a r _ P d ' o s l  r ( r ' Y U c

i ,?!,"ff i;.-a-'-c rn.re no oue:rron trs
Fr;iffi:i;'lt-.i'-; - i 

""''8 
'. sPl R'beri BPnson

"-"'iiffi. ";* 
*"'" ;rr :," q 

";L'.." 
b'rn rnundated

r rP  eac  n  ̂ tner- i r , " " " " "  g "n  on  .nFna . t  I  ou ,  soF. res  o f  f i re  an ts  h '

o rsmls \Fo tn - . l  .no !  I f .T  r l i  rass  la rners  ln  rh r t  a rpa  s l lng

mrnd.  tb€  Yaard  Va.n  a iong rng  l ' l es lock  and c loggrng

"iiii 
i'i'r!" 

"i 
rrches. resulrei praws and rracrors rhe area ts

i ; ; ; ; ' ; : ; ; ; i ; " '  ba r r , . , r a r r ysu -scep l i b re run re
The Yaa:d \ar  {  r :  no:  dn onls becausF ol  r l (  mr ld q rn lers

".i'ilt. 
t'i 

" 
-^gi.-"ratron of The rvprcal anr colonv averases

,-i"',,i"ii.-'-"i"t'i"a eiectrical betseen 100,000 and 500 000
an[s.

A meral  Prone
L r .  a n t n . l ,  a n . i . c : r ,  o e  l r G n l ' ]  R e ! e d r C i e r S  ( u r t O | J \

ie i t i " "  tne n ' ""na .  sun.&.  wir i le  Benson deals wi th hrs' '  "E.{- t ; ; . ' !ga"" t , - . "oor 
- : r l  m:"Fsnrn r len:ron e 'PaIc l

La-s-n.  lhe ants lo Iu-r  .hc l  S DpDartrPn:  of
' i . '  r i=" ' ,e,  '  

" ""L,rn; i -  
AF'cul tJre "F t r^$ nE i r r^ '
r ' : : ! : o  r ! . : h .  e : l i  n . _ r  r ' e

Dest rov i  an ts  Hrdden amona co .nmeal  pe l '

l , r rh in  se !e .a l  hou.s .  the  le ts  deve loped b)  sc len l rs is  a t

anrh i l l  becomes r l s  o*n  ceme lhe  Agr icu l lu re  Depar tmen i

te rv  a re  . luvenr le  hormones tha t

ar re  an is  had so  rnunda led  r€ la rd  the  deve lopment  o f  the

b p n . o r  s  I - , n ,  r n  C " n t r a :  1 ' x  a n l s  o f T s p r r n g  t h ' l a r v a e

d .  n e  s a t s  I n a r  n ,  . v e n t u a l l v  S o o R a m a n  S r p t e  B e r b P r ' c n
i , o " : o  n o i  a r o , o  r n " . n t .  e a r l n  s a r o  t n e  h u t r o n p  s l u r s  d o q n

en homes.  a l l  ac tv i t l  rn  lhe  co lon)  -  k i l l tng

s -  x r n !  a  D ' t l e  q a l  l  : r c  l ) ' .  e m a r n r n s a n t s
hrs  acrea ie  o l  ' ,ne  an ls  -  lher *  Berbenc i  sard  research  tn

o e \ - . o p  a n  r n m u n r l :  r '  p < ' l r  t h F  R ' l i r n F  o f  I n s " c t : -  l \ ' o L g h
B E n . o r .  I - m e m o L t ( ' d  J i -  o :  h o r m o n e s  r s  l r ! e  l r  l u

lne  €prode a ' i .  i : l €  *a le r  *e l l  ] ' earso ld
and beEan . "  rnvEs l !6a te ' . ie
;i i;";;;.;"-;'4.' ';;;;^,. rtsed hor"ones

H€ toid son Rob€rt tsenson, "Scren"rsLs ar€ findrng thal

o \ Iner  o fTrmebase lnc  rnBrv_  hormones in  ins€c ls  a re  rn  som€
a n  o f  h . <  f r n d r n e s  a n d  Y a a r d  s e v ' n . l  u ! l ' i P  i n o s r  r n  m a n
\ ! r ^ r r , . . e - ' - L ; - .  m l r :  h " : a . d  T n -  a r .  d '

ve ioP ing  chemica ls  lha t  can

Pos\ ib le  Daten t  d rs 'JD l  tne( t  s rgna ls
R , r , . i  g - n s c -  ! . r c  l h "  I  S  8 P - o e ' r c h  s .  C  ! h "  s c r e a t r s l s

Paren:  Of f i ce  $ , l l  dec ide  ibe  hope an ts  q ' i l l  no l  d€ve iop  a

)n le i i )o i  s  lu lu i -e  Because !h€  to rerance to  hormones.  as  rne) '
n ( :  v € i  o I . ( i . a , . ]  r ' a \ - u l L l -  p c s r : . l c e 5  -

r p f ( r e . p o  u r l . l  l r P  l - r c e  h o o .  M F d i * n ' i P  J l n  u P n s o l '  r s

e t i  eer rso"  ba i  caur roned h ts  s r ln ! , i t  s ' . re lchrng  exrensror '

fa ther  no t  to  € lab . ra le  o .  i te  cords  across  l l i s  )a fd  !o  f rd  t1  01

}aar ( l  Vark  s  \vork rnes  the  Pes ls
i :  r n r  B e r - : o n  L i  r  : i ! r :  r  a  l :  :  a  l r e

. n :  R .  b ,  r r  h p r , s  n  L , - .  :  t n a  '  l  .  n -  ' a  o  I ' l  r l o '  :
r a - / e (  r n e  - r : - r r r -  i r  . r . 1 .  ; ,  r - o  a  ' n  o f  a n t s

Ther€ s not  an, !_ here.  a i  leasl
norbing I  can' !  reach wth mY
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Sky-5srapin$ Torvers to 'Sfake Ilain
O RAIN is caused, as everYone knows,

bl ' the upper a i r 's  becomrng too coro

to hold an] ' ionger the \ r 'ater  l !  contarns '

C o n " - J u e n l , l ,  t h ,  r d c a  t h a l  r a r n  ' a r '  I ' c

m a o e  L y  n r i n g  L o m n '  i r ' r '  t h (  : " 1  1 0

shak€ loose the \ tater ,  is  in lpract lcal

-^  French m€t€orologis" ,  B€rnard

Dubos.  Droposes to produce rarn o! '

l€nding Natur€ a hand; in o- th€r \ r 'ords '

help jng her to catry ou!  her routrne

Drocec" of  drasing heal€d $at(r -Lau'n

a r r  f r o n .  t h e  s u r J a c €  o f  t h e  e a r l h .  a r  ' l

coo) ing i t  (b l  €xpansion into thrnner

atmosphere) unt i l  the water conres

doNn again,

His project ,  i l lustrated h€re,  is  !o

Dul  ut  s iufendous to\Lers of  conrrele '

i r o i l o *  " i r h : n  
$ h i c h  \ i l l  c r ' a t c  d r r f L S

in the same manner as a factor l 'chrm-

o"r : .  Tt t "  
""""naing 

ai r  column rr ' i l l

" " i . y  " r , . t  
u P  ' ' . t h  i t .  a s  v a p o r i  a r d

*hi . t ,nn tnn""  Ni l l  drstr i l 'u le i t  in  a l l

d r r e c : , c - n " .  B S  t h i s  m e a n '  t r l  D u h o s

b e l r c v e s .  t h e  n c l u r a l  n l o i s t u r e  o I  t h e

alr  can hc rPad l l  increa' .d Such a

int , " t .  . , "  t  r .enforce. l .  and t \ \o ' th i rds

h i e h e r  t h a n  t h e  E m p i r c  S t a t e  B u ; l d i r 3 '

{ould cost  aLout $10.000,000, i t  is  est i -

-ut"d.  and be of  gr€3t  sc ient i f rc  as $ 'e l l

as c l !nL:1t ic  !a lue.

STATE B'06
1,268 F i

fr'li-J, e(r.h u
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i ; ? i ,-' ai:_; "= "_-.
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l f l r n q ,  L . E . :

! r o e h a n i  s n  o f P l a n t - C e l l  D a m a e e  i n  a n  E l e c t e o s t a t l c  F i e l d

E l  e e t r l e a l  s t l r n u l a t i o n  o f  p l a n t  g r o w t h  p r o i l u c e s  i n c r e a s e d
c o n c e n t , r a t { o n s  o f  ,  r ' 1 n o r  e t e m e n t s  ( F e ,  Z n ,  A l )  l n  a c t i v e
I  o e f  t i p s .  C o m p a r e d  t o  e o n t r o l s ,  s u c h  i n e r e a s e s  a r e  o f
t h o  o r d e r  o f  s e v e r a l  h u n d r e d  p e r  c e n t .  T h i s  l s  d u e  t o  a n
t n e l " e a s e  l n  m e t a b o l  i c t r e n z v m e s  i n  t h e  e t c t r i c a l l v - a c t i v a t e c l

o l i q o -
p l a n t s ,  w h l c h  a p P c a r  g r e e n e r  b e c a u s e  o z o n e  g e n e r a t e c l  b y  e l e c t r -
i c e l  f {  o l 6  n r i c l l z e s  p o r p h y r i n s ,  r e s u l t l n s  l n  d e e p - g r e e n ,  o p e  n -  -
' . J  n c e d  n o l  e c u l e s  o f  t h e s e  o r  s i n i l a r  n e t a l l o - e n z y m e s .  U n d e r
t h a  l n f l  u e n c e  o f  a n  e x e  c  s s i v e  e l e  t r l c a l  f l e l d ,  t h e  a c t  l v i t y
o e  t h p s e  s r r b s t a n c e s  i s  a c c c l e r a t e d  t o  s u c h  a n  e x t e n t  t h a t  -

r ' : o l  l  u l  ' r - .  r e s p i r a t i o n  i  s  l m p e d e d ,  r r l t h  r e s u l t a r { i  c e l l  c l e t e r i o r a t -
I  o n  a n d  t l s s u e  d e s t r u c t l o n .

Fruit Trees Fed From Bottle
a NITRATIS are tonics to a tree; i t  absorbs them geedily lrom

ii" i;;;il;;" around its roots' But nitrates are so soluble -that
they wash leadi ly  out  of  tbe

soi l .  A method of  applyrng

N a t u r e _ Z 0 1  ( 4 9 2 6 ) : 1 3 o 5 - 6  ( M a r .  2 8 ,  f 9 6 4 )

them. developed in France
hv Dr.  Moklzecki ,  gets 10074

resul ts;  the solut ion,  onder
pressure f rom the bof t le '  ls

fed into the sensi t lve layer

of the tre€ betweel vrood ano

bark, just as a Physrc)ad
makes a hYPodermic rn jec_

(Conl inuzd on Page 880)

gor tlE nrl..l. it .daani.t.t 'd.
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gsi_g_I!F_gs__9l9!9gg!_FFpq!s cF EnREMrx,y Lor

Kn-n  i  g ,  l t .  t , . ,

w' o' schrnEnn developed tlreoretical prcdicLions of elertrcnngrretic rcsonancephc-rxxrena in tle cavity rrtrich is -*io t-"* e.rrLh and the ioncsphere. pEasure-ncnt-s ha!"e been carried out for several v!_1 in tlrc frequerrry rclllge n€d.r f0 c?g.rt was possj-ble, for exanple, to rec)rd Il*ft .,"o.ofy in the,U. s]-uno in Cernranyerectrcnragneti-c oscirrations -caused ry 
"Grq 

riqhtning. signar"-,n er" observed in) the- frequencv lange qgb*"I 0.5 cps. ;; 20'.p". wtrich are due to field variaLionsof local character. T?re sigrnrs Lr.;ir.i"L"d arxt their effects obsenred. pos-r-tive resul- ts r+rere obtaiied- by reas'rerenG arproyi-ng garvanic skin responserecords ' The noultirrg of tte- Aptr-id *na ulter the influene of artificial ele-ctric fields. rt was pssibl. t" 
"riJ'& 

grcFrth rate of lactic.-acid bacteriaand of yeast cultures. the yeast *rt"."" utri". t'|re effect of these fierds reach€dthe sar= qrrchrth stase. after nine aays as -nt or cultures, rnt subjectecl to fi.elds,'- afLer 15 days. A list ':st ,*. -"G..*a *iirr ti= investigaLian of trE gtrurth- of gerrninatinq wheat s€€ds. _rt "pp.rtJ-dtii 
.tt , ore rneel of de\r€rcFEnt theseeds subjected to electric tierai'greL', oriir= .,r,or"g., to a rength 23 per€rtgrreater ttran tnat of seeds rihictr r.reie rrct sr:bjected t6 efectriclie-fAs.

S"IIJDIES CN TI{E BIoICIAL TxTEIs oF GAsEcUs IoNs. A RE\[EI^T

Krueger, A. p., lbtaka, S. and Ardriese, p. C.
Speci-al l"brtrograph Series, 1966. I, eicneterorological Centre, Leiden

The cx_rpri nent-al grrr-qram on bioloqical effects of gaseous ions onducted at tlreuniversity of california during tlre p""i-t 
" 

years is reviewed ard rerated tosirni lar r'ork done in other laboratories. Acc.eptable evidence exi.sts tltat: 0.) (+)
and (-) ions ac-c'elerate tie death rate of r"iciococ.i, a. coir, s. lrancncnrs
and fungi. (2) (+) ions raise the blood level of 5_hydroxytryptanine (5fIT) in
Trce ard produc-ed generally injrnicar effects on tlre respir.to.y t act. (-) ionsIcrner t].e blod 1eve1 of 5fn ancl reverse the changes .uot"a ty'(+i ions. (3) (+)

- ard (-) ions accelerate the grqvrth rate of higher plants. niy aiso hasten theon set of iron chlorosis in plants grcrn il an Fe-iree nrediun. lrrhen pe rs present,
. they speed the'ptake of .,€gerDris Fe, i'crease the 02 0nsurption of seedlings,i-ncrease the @ntent of cytoch::ore" 

".ra 
otrrui i*;#r"r;;;;., decrease tl*agLive Fe fraction, and increase the residr': t Fe traccion ,ir tfrli ptant tissue.ltds operirrental evidene has been utilized i-n developing an nfrtnesis or air.9. .a"bgl on the plant sites responsible for Fe distribution, 

-j4) 
when larvaeof the sil)<rrcrm are e4osed to hi;h @nc€ntrations of either (+) 

'or 
(_) ions therate of qc*rti is accelerated, tlrere is a nrarked incease * tt p.oat,"tion of ryto-qt"F. 

"Irdi"", 
peroxidase, anl to a lesser degree, catalase, ard tl* spimingof silk begins earlier. (5) The effects proarlcea ry .i; i;*-""4, w-ith the bio_logical substrate arrl i-n scne cases with tire ara"g ina a.ni..r ilture or ue

]on' . rte phygiorogicar c*nnges can at rines r,=o# i',to p"tr'"r"gi""r states. (6)Daeri'Ents witr air iol" -*g difficulr to perfoim arrr ti b" 
"ifriii"-,t, 

dc,Erd-close atten{on to precrr.& intelference hy factors srrh as uii'poirutants anastray electrical fields.

#ll*:p+''tr'ilig".1itr{;ifi *##'tiii}'r:,tl
r'zo,,thoa. -Noui'M'iid* s"s;.:!"i.1;t k;:r"t"',-' ,#:t?1, :- 

"ff;jl?'il lj$j;,;lT.illi";1,1".",,"":,".""1f;;'.T,oo'f.',:,1
iirl'tiiil';'rr'J'TBli j;in **l*,.o 

rhe embrvo 
"r'lii t iil i Lu. K"i"hun rrnsr. Fruir.Trees, Fujian Agric- Acad. per-rp. Rep

*ii::"ili:,;,j.;"fj:,":i""frj1,,i"":,:d n"i,"ili-",i;:'iiloig I fl#i; ilt"?,i:it'#"Jl"l'"1;l,l;ll;1,;[l:"1'":ltjll
.  uphle .nd the'K and i ; ;#t-"^,T 

which lhe rae of Ho i  io.s ot 5 Ar resufkd in a" i i t i* t ion of eoi l  P'a-nd K. Ar a

l:?:,plent hishly i';;;: ffii':ri":i;"1ffT;:"ll""lT,i ,* reeurt. thp bioavalabirilv of P and K ws' incressed.
:Y,]:1, !-*q. s.! 8eherdly hrgneet wrren rbe embrvo *rr

H'r#jftT! ff , FItrTJt5ffi!; *:riixt';*t
-ffi ?:.*tffiir'H:i'f'."H#'i!L?:[fi j

z



Thc l'heory of Electro Culturc
By llobcrt D. I! cCre ery

f l .  rvn hc)icvo in thc ionic thctrrv ot
I  E lec t ro l \ l i c  D j ssnc i r t i on "  on  

" rn " "n , , -  $vinced c'f  thc fact that rvhen cn ekrt, ic (}
c r r r r o r r (  i  . l r i r e r  l l r r ough  rD . l cc t ru l \ t , ,  -
t h ^ r c  i r l , r o , l uc ,ds .m"vc r l e r , t  r f  t l , c , , i o r i r . l '
th:rt  c^rr) '  chargcs of ctcctr ici t5 .  >l r r  t l r r .  u .e  o f , l i l r ' l  r . r r r r e r r t  t h ,  n ,S^ t i r ,  a
i o r r s  move  to  t h ,  t ' o  i t i vn  e l oc l r oJe : r r l l  r l . ,  f i
posit iYclJ ( l ,xrg., l  i , rrrs mov( ln thc Dt.rJ- h;t ivc elcr: lroric. \ \ 'hcn altcrnating curr!: , t  -
is uscd t l is is not the c^sc; the ioDs rnolt
13n id t . \ '  i ; . : t  i n  onc  d i r ' , c t i o I r  t o$a rds . r
clectrode, then in the opposite dirccl ior, J
t o \ \ a r (1 .  i l r c  o l l . cL  TL . . r  s re  s i  i t  t ( e r c  ru  1  *
F t r l ' "  o f  i r ' l ,  ns .  r  i l  n , t i . r n  o f  l r '  osc i l l : , r i r t  

- - v ^

nr.tr l lc, cr lsod by, and in unisou \, i i th, t lu. + i
u ar t  s of i i i '  : . l tcrrtat iof curl{} l t .  I

\ \ ' h , t  t l r .  r t  l l t l ' 1 r ' r r r  i f  r r c  r l i s che rqc  h r6 : .  I  
;

f r r q u c n ' )  o ! , , l r ' , : 1  l h r o u l h  3 n  a " r " , l  
- t J

\oi l  t . '  n-,ctr l l icr l ly coa1"d sced, froD: t

r ' l o c l r , r l c s  / t ' : ' r r 1 l  l  l o  c j l c I  o the r ) ,  . r . : .  -  l
h "dc le r t  i n  i l i "  ,  r r t l l  

" ; $ ,' f he  c : r r t h  i .  i r ,  t l , j s  t asq  t he  e lec t ro l j t e ,  -  
'

i o  r vh i cL ,  h !  t l , ,  r . l i on  o f  \ \ ' a t c r ,  t he r ,  Ls r r  \S /
l)een gl icous ions set, f tcc. lVhcn t|r
clcctf i( i t ]  is :r14,l icd' t lcsc iols sct up I. : .
. e1 i \ _e  L ( "n l l r r r ( l r , (  r r t  on  t l r c  sccds  r rn , l  t i  : r
r oo t s  o f  l l : - J t . - i l e t  and  s i r r cc  t hc  s , r r ' 1 ,
and  roo t s  a r c  po rous  i t  r nus t  be  o ld t r , t
frorn a rnccl,rr icl l  st lrr t lpoint t l lxt sorr:c
ubrorpl ior, b] thc plxDt, of the gaseolrr
iors t :rkc-q plrr. .r .  Altcr bcing rbsorbcd lr;
t l re plrni roats thesc ions crc st i l l  subjrr l
lo lhc iDl luc)1cc oI the high fr.qutn"i
clc(tr 'ci l r  rvlr ich, during applicnl ion, t i l l
set up l ibrLrt iotrs within thc ccl ls of tho
ptr.rt ,  Such :ru :rct ion n-i l l  meclr:nical l .r '
cnl:r lr ' .  the ccl ls in rhe t issrres of tho pbnt
arrd al lor l  i t  to gro\ '  morc frccly.

' l  hc di"clrxrgc of high frequcrcy elcc-
tr ici t \-  through sc' i l  is r lso cqui lalcnt to
rorrt i . ,r l  sin(1' i t  crrrsos r ir  to l)e dmNn into
lhc s4i l  \  i th i t .  This is in a grcrt nl.a. 'ure
t lre principal bcncfi t  r lcr ivcd from cult i t :r-
t ion l tnd is, thercforc, &n importrnl '  fuclni
in .gricultrnc hcr:ausc cf i ts st inlul i t iol t  cf
beclcl i :r l  acl iorr '

Ntorco.r 'er the discirLrge r.rf  higL frc-
{ ' r r n l r v  e t r r l r i ,  i t l  l l ' r u : r sh  t l r .  r r i r  c " r r
t i ; " c . ' r r i r l '  r l ' "  n r o i - t r r r , :  i n  t h r '  "  ' i l  t ^

Dro,lr .r t  c nitr ic :rcid, lYhi.h coDtei l ls r i trogfn
in a fornr rerdi ly xvai l^blc as Pl lr l t  food-

On thc olhei hrnd t[e t ' lectronic col-

l is ions of thc io:rs rvi th rr lkr l ics in thc ennh

I)rodrr.c nitr i los. Thc cnrth in n scltsc
it"". , t , t"" * stor.rxr of Di l l  ogcn i l . ! t  m\Lst l 'c

ch:r, lccd lrv thc soi l  br i : tcr ir  bcfore i t

l ,ecoircs avl i l : ,1' lc as plant food' Thi;
rrrrkcs rrolk f{,r  thc soi l :bui ldinc l ,rctcr;r '

I n  l , ) { 11 r ,  I ' r ^ f .  C .  l i .  S r " r , c  u f  t l r c  \ l : l s j : ! -  ]
' L , r s . l t j  s ! : ' r c  . \ ; r i r r r l l  r r r l  ( ' o l l , ; c .  ; ' r n t r - l  I
i ' ,  ; r  s ,  r i , .  o l  I , . !  1 L : r l  l , . r ' r l i s r l , n r ; i r : e r ' l  1
,1  ' ' .  : r  f " s  s1 , . ' r l : s  o f  s l x l i c  c l .  '  i r r r t l  l
t l , i o r rgL  so i l  t o l t r i n i l g  bn r t t r i r ,  { hcs '  I
o r : r , , r ' i . r r r ' i r r  l 7 d r r r i r r ' r c s s c r l t j 0 U f ' r  c " r '  l

' l ' h c r c  i s  n r ' n t l , " r  i n { l uc r , , o  o f  c l c ' t r i  : l - , '  '

o"- i f to-fr"" i ," i , t  rrhich might be {errncd 
' :

trsclcl i i . l  sl inrulrr l i (rD J' ,r( ici1 ore - ' luq-

" i i ,  " ' i '  
^ ' - , , . * , , , ' i ' r ns  a r rd  t L .  g ' l v . r  '

, , r ' r i , r r r  o .  t l r c  " r r l r ' ,  r . r  r , r r  l I r j i  Lo ' l i c '  r q -

El. rdt dArttftidn hfor
A! cdtrr!

A xd 6rrla ., lttlalild

Itr/ E brv. hrd d.i.n in Ar 6luhu
r t r. rJ' nbkdlv b .rDdib..L

.'{.J otr hr ai. oUw lada! ud orh-r
d lh. l.6udd d CoFicily ot !|.

aDnh oa pl..r. xr. tnilio old! oa

B6d AiE, AItinltm R.public. .l

Fn! i. 6. U.lt d 8t t4 lt!, oa br.

ra t-a dvi!. Lir .lrdto. io lb6

rri<.I d.vCoFldl oa r Ftd i.
'ni.[ ii ir F!.-d !o DrlF tr- oa .le
litd r.t' ld .Fi.tlft n.ldl Th.
nmto' clrid tf,.t hi. dFi|ml!

I& in 4 suFl rin l.il.
llcid.lrdly t!. irtdtjts tt3idtotr

1c(, fttne K,
t'cbruarl' 14, 1920

Electricity
Electr i f icat ion of  Seeds.- ' l 'h .crc ap!cers to l ) ( ,  rnLrc l l

tDter{ 's t  lu tLe c l ( t r i l i ( i r l iou r) f  srq ls urrr l  thc : tDI , l i , . |
t lon of  c l (<t l . i r . l t I  lo  gr{) r r i r rg l ) lunts.  , \  r i .cc l l t  ; t . ( , ,  r r j
of  \ -o lk l l loDg th( .st ,  l i I los te l ls  of  ! r  nt rv mc )oi l  ( ) f
a ld jo; l  l l lant  Aro$' th.  

' fhc sceds,  l0 or  20 s l rcks,  r r r t ,
{ }hc.d i | l  t  l l l is  I ' l .u \ : ldN] \ r i th l ron eloctrodcs ot  l { ,  r
eDds;  the ele( .1rot)  te is  t t  -colu oD of  sodiun) Di l r , r t , ,
o! sorno othor fr.rtillzer. ptrtlcularll. r$lth c0rr,als
$ht . l l t ,  bar ley r l )d oatr i - the I , ldds of  both gr :1 i  unrt
stn l$ aro 

"-n id to lJe i l rcrersc( | .  Sonrc afn f r l . tD.rs l r r \ - ( ,
t r l icn u l )  tLe t r | ' . r t ' l icDt of  the seci ls ,  (h jch is  f i r l l , ,s f , l
l , I '  a  yer. j  ( t i refu l  dr t - . i r rg i t l  a k i l r ) .  ,1. t rc t r , r l r tnroDt j \
opl t icr l  l i rout  : r  ntonth or  t \ i .o bcforc ao\r tDg.

dmtr.rb ![. '$rldl !$tty oa d.n
r r.dduF, Ib.la.nl. rhtch G -d
b t 6ur.d N I'o-a.ld. Fid. lbfr
| . diH! rdv$q. ro !b. plott, Ed
Fdlr, !tr. 0l-6 'r.!d rld @l|-
ha b bn o6*v.lid luiru i.etul

hrdF{€n p.turid. rt tho sod.. Md lbii

cli'n of tn. rFxtu.k l.meil e b.ne

&in to th. tl.ntr l|lr ol*' ' turlher

.lFri lhrl rhil .ler.in6tion ol th.

-a! rould kod to purity it .nd nnde?

ir b..6 rdrptsd lo. d.itrktns Pu.r6
Mi OIdn hr irt l led bi! .PPEiu

ir . Dl.rr'lioi I Bu€nd Aid sd

sd lb.l hy r}. uF ol .ir ry.intling
rcl6 .l r b€ithi o( 5 b.Ln tbor6

FUnd sD. d hlndr.d r,N ol 3bu.d
lidcr cultje.iio' 'd lsrd qtb '€rY

L!.6.trt dli. TL€ .PFni nr dF

ldr .dopt€d tr ih. muli6iP.IiY or

!u.nc Ais r.d it livinS -dd&iior in

d. ptrblio Fdd sd a.td€n. in ili dlv.

Mr. Oltn !- rt id lhd dun{ tha

bdt dreulhr lm rhict' tb€ Epublid dl-

l&!d td ov6 ir nonlb! in 1010, !. rg

rbl. lo p.laud . verr i.. NP oa lltrll.

ud lrsiLbld ed ro updy fi. ond

d e f,ot' 'it[ tdh toddd BY

ir!.llng r ryli.D oa elnci.l ifi!.rion

oE Fb6 Fl! 6l tlxir @P, lhd

d.dd t .bl. |. bNE t!.n-lvd .€!..i

doushr, ldlinf t .t !p.n .nin.i.l 
"rink'

c r ' , : r - r  s  t l , . : i l  l  l t  i r  i l  r ' ."  
i i : l r r t ' , i ' , '  r ru , . " '1 , .nu"n  lec ts  in  t . in ' l '

i s  i l  : l l  : r : l  " , r r r , r i ' i l r c  j l  r t  c r ,o r lnnr r r  r :1 -

i l , : ,  1 ; , i  , , . , , i ' . ' j r , l ' i r ' , , ' , '  r , , " "  ' . ' ' " " ' ' t
i,i,,1.,: ..ri:,.'i1,.ii' 1,". i,".. i,."n"'1" ",o,'t;"a

Colorcd Glass for Sced Gcrminatio:r
(  ( r l t l . t  s u r . t , r r - t , r . l  ) , . s L r t l s  t l . r \ , ,  L ! j r  r ,
U  i ' r f r . , l  b \ . ; j r r , \ r .  , ;  . , . , . d \  r , l , l , . r  - j , . . L . t j
of  ( l r lo l t , r l  g l t iss.  l .h,  J) l iur  is  ( ! rc \ r ) r jc l r
is  o s i l . \ '  f , , l lo \ \C. l  l r l .  1t r r .  ; - .a) . .htr f ,  for  i t
s r l r i ' l t  ( o l l { i s l s  o f  l ) r . o i , ! 1 i l r 3  j } , r ,  s , r , . 1 j
$ i  l  s l r . o l s  o f  ( 1 t . , r . { l  f l r s .  ( l u r i l (  { ( . j "
l l j l j r r l i o l l ,  n n l l  f , , r  l r  f ( , , \ .  d i r ) . i  l l i i f ,  t l , i ,
l i L i l , ,  l . l i l l r i s  l t j t , , , j  .  , r j r  0 r e  s , . u r  ,  ( , 1 1 1 i .
I l x r ' l -  ! t : r s j  s l l i ) r r ( l  r \ j i l t  t l L f  r , r r i l j , . . , . y r f
n i ! l r e . ,  s , , l r l  i l  l r  l t  r t l . r s ,  i  r _ \ \ . r j . :  t l r , .  r , i | .
l )o! { r  Icr ' . r  \ \1, t1 i r , ( l1r . r1.  . j .1 | l r i  lh .h j :  r ] , ,
l tc ! { l  1o gu 1o th{ ,  ( . \Do, , r r  ( ) :  g, r r l i r r : :  r . { , ;L l
t i ' ) t , ' i l ; l l u s , i .

I  Strc l rs of  g l ; rss i r  rc  dr , . j rc . . l  color  r r rc
J t , l , r rct t  o\or .  t t rc  srr( l  b i ,d or .  t i r r , t ro\ ,  . ,  : r r r , t'  r o  o i l t c r  r t ) . ( i i t l  t l o l l t l | r , . l r t  i s  r ( ! l u j r . , r l .  l r

Nas fout)( i  iD nn ol i tbor. l l tc  sor ' i l ,s  r ) f  ( ] \
lx . r ' )  cDts thxt  t l ) .  scc( ls  gel . ln i t r l r t f r l  l )c t i t . r  l r j r l  gt , , \ r -
; , ' r t ,  { l r \ ' r , J r , , r  , , 1  . ' :  -  s , , , . t , o r  s t , , , t ,  t l r  . l  \ ! 1 . , ,  t  , : . r
b l u c  g h s s .  l ' l i c  l i t r l e  ] ) ) l l r t !  s L . l r ' r r  i n  l } l 1 ,  l . l r o i , , j - r . I i . l r
1\ 'c Ie g i rn l i  Cr i ic l lJ '  l1)C s l t ) lc  t ror l r j tc l l  i l ( l  j l t . t  i t r l ,
sr  re nunrLr ' r  of  s t r \ ls  \ r r . r ( ,  a l lo c( l  i l ]  cJ. :h c) t :e._
S .  / . , , , , . , r , , 1  t i d  D  t ; ' n .

IlrlFttd tt ro rt.lltlta.d .ntndi ntr
r. ,rt |' +i6h d *:ftir. ,Er Fd L d'd.d '' 6E ,r.

vr, ot ..'. dt-lEr. r|A 'dt r - - . odr.t- ,- tfl..tr.atc
. d t _ . ' h b b -

rr,  r .  o..  * ld-.dtr.h*, t-  tFq 6r.Fd.

Fu ud orhr ctr ld H &.ht d i 
'

l d d o ( b n D d  I
Th. !..d d EC!.i.I l.'ldtto. L t'!*t I

ilt b Drr dE rhdr onlf b trr I
-!h ot !f,. dt6r., lo!. t-E d I
lbu.nt h.v. r. !. dbndod 'itL Ill
t F rtdl.rlr |! .sl dlirLt - Lhc I
o.t M!. ol-! Ford b tDrldE bll

r.bE, br a[. rd d rbi6! h. dFb r. I
ire rb. ND dd b m6!.r.ddi!.llr l
ddrt( in6k ..d o.hd leubr* Th. L
dr oa th. olmn .yMi ir ddh.t:l ril
. i.{u6 rhioh n q i. hod6t.' r mh- |
dred nrf, ih. b...An b h. ddiv.d. Th.l
dt ol instrllrrion rn !n. .Finllins .Dr' I
du. ir nnEd .t ItO ro llm F @.1
b,rditrr 1o lodl ond ronr

Tb. ryrb6 l! Yrr nnple. Tb. Blal

r d-d ro . tult bt.' h.i.bt 6y . botor I
* tution .n.|E th. Dpdy Err b.l

rtu ftiu rdl.l

a ur orhe sii.bL de. Te hth
bF 'rt b. iEr.I}.d. lFn xhicL giDi I
s 0rFrd.d bt b.d ol dibbl. dF I
r..hr 6t'li. Tb. pF dpply .imlr I
6y borzk 'bi6tr Mlh &b ridllY,l
rd iv. b h c or b.d d rddiltl
b. thur dppli.d 'ith .. .v.trly di'r.rrkd
d.r6 .a 'rtd. I
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INTRODUCTION

THE OBSERVATION THAT atmospheric electr iciry
occurs not only during stormy weather, but in f ine *"utt 

" i-o"*el l  (Lemmonier, I752) very quickly led nut,rra pf, lo.,ro' i"r.
to speculate that this constantly preva rng ,"". ; .  ; i - ; ; ; ;
might inf luence plant growth. Father Glambatlsta g""a".r"."f
lhe University of Turin (1??5) statea uat, . . t t  appears mlni iest

en, ed ) that nature makes extensrve use of atmosphenc 
'ei; ;r ; ;" ; ' ; .

promoting vegetation". This putat ive refurio".f , ip *.",  i"J"J"rra_
entty^ conceived and exptored by Berthoton i fZ83i, Cfi i r ,( 1782 ) ,  and  I ngenhousz  (1?88 ) .

32. The discovery of air ions by Elster and Ceitel (1899) and
^p-r,,  bt -Ihomson 

{ 1898 | made expenments on the biological effects

::".,:.:1pl:": 
etectricity more comprehensibte and uttimarety

reo to tne development of suitable methods for their production
and quartitation. In 190,1 Lemstrijm reported that an electricatdLs{ harge from mel,3l l ic polnls placed abo!e seedline, p.odr""d
e measurable sl imular,ron of growth. ancl thrs oUseivarron wa"
::1":*^ 

three years tater by cassner ttSOZ) g1u"[ilul .n]
. o. r rn fff .{19211^":13:"1-"0 a lons senes or exp"".;",;';;.;;l;

p'4,6 In rne taboratorv on planLs rn pot culture, ard orr
sza, zsr 

fl"ld"top" exposed to ron-prooucmg high-voltage, low-amperageerectncat drscharges. They obrajned sgnific"arri rn";";; 
-i;

, ,1 pho- sor^1h,.and dry weighr at harvesr. Sidaway t19751 has revrewed... .  ruu ntstory of what came t,o be ca_lted ..electroculture...
{37-{.r:  rrrso\/r ' l  work has been concerned wrrh rf ,",nnu"n"" of 

-" i"-" iro.

i t , 4 t . 4 f  E ! , r  r r e ros  on  se (d  ge rm lna t i on  {196? r  and  l he  I n f l uence  o f
1.253-25 

'reclostat ic f ields on plant respirat ion (196g).

11,t96 at mol ol Biological phyi ics Volume 11, 19g3



and concluded that growth is retarded by €lectr ic f ields ) 200
kV/m, while below this level i t  is enhanced. Gro.wth st imulat ion

is greater at 50 kv/m than at 150 kv/m. Further. the air sur-
rounding the st imulat€d plants when vented inlo another
chamber enhanced the growth of plantl  contained therein. They
deduced that the growth-enhancing factor is a byproduct of
corona and that i t  develops at relat ively low f ield strength.
Growth retardation occuring at higher field sftengih is assoc-
ialed with cuFent flow ftom apex to base of the plant-a
phenomenon .reported earlie! by Cholodny and Sankewitsch
(193?) and by Lund er ol.  (1917). The mechalr isms of electro-
static field actions suggested by Bachman and Reichmanis
support the hypotheses espoused by the 18th century phi l-

osophers that atmospheric electdclty, even in f ine weather, acts
to promote the growth ol plants.

Zhurbitski i  (1958) and Zhurbitski i  and Shidlovskaya
(196?) studied the inf luence of electr ica. l  condit ions on the up-
take of ions in solution by plants and iound that potential
gladients equivalent to those prevailing in nature can affect the
absorption and incorporation of hea!ry metal ions. Exposule
to artificia.lly increased densities of small air ions enhanced
these leactions. Similar results have been reported'by Murr
(1963, 1964, 1966), by Kotaka ef al (1965a) and by Krueger
et dl.  (1964)- I t  is signif icant that an environment in which
plants are protected from atmosphe c eiectr ici ty inhibits some
of their essential physiological processes and interferes with
glowth and development (Zhurbitski i  1969; Kruege! ef dl.
1965  ) .

Our own experience in this field began in 1960 at the
University of Califomia, wh€re we developed facilities per-
mitting exposure of plants to sma.ll air ions Ln a controlled
rnicroenvironment (Krueger er dl. .  1962). For the most pa.rt ,
our subjects were seediings of oals (Aueno sdtrrd) and barley
(Hordeum uulgoris) grovtr, in chemically defined media. we
iound that seedlings treated with unipolar ronized atmospheres
of either charge produced stal isl ical ly signif icanl st imulat ion of
growth as measured by mean slem length. integal elongation,
and dry weight. The extent of growth increase was roughly
proport ional to the atmospheric ion density and this in tum
determined the magnitude of current flow to ground. The
minirnal current measured in a ground circuit and capable of
producing a measurable dif ference in $owth was,l .3-4.6 x 10-13
,{/plant (Krueger ef. al. ,  19621. Reductron in the air ion content
of the air resulted in retardation of growth and loss of turgor
(Krueger et al. ,  1965). The majoi biochemical changes accom-
panying the action of alr ions on plants were found to be: (1)
increase in rate of growth and dry weight: {2) inciease in pro-
duction of cytochrome C and other Fe-containjng enzymes;(3)
increase in Fe uptakei (4) shif t  in the distr ibution of Fe be-

tween chloroplasts and the rest of the cel l :  (S) shif t  in the rar€
of darkl ight shrinking and swell ing of isolalet l  chloroolasts:
{6 ,  s t rmu lahon  o f  ATP  tne rabo l r sm o f  r so la ted  ch lo roo la : r s :
(?) increase in oxygen consumption: (8) inciease in RNAase
activi ty of leaves (Krueger et al. ,  1963; Kotaka el ol. .  l96b:
Krueger et dl.  196.1; Kotaka et o/. ,  1968, Kotaka et ot.  196i.
Kotaka and Krueger. 19?2).

With this background, we undertook to determine whether
the growth st imulat lon observed under laboratory condit ions
could be duplicated with a market crop gtown in a hydloDonics
(soi l less culture) greenhouse. This experiment was conducted
during the period December 19?4July 19?5.

MATERIALS TND i\,IETHODS

Seedling House (SH)

This structure, 9.6m by 3..1 m and 2.2m high, consisted
of ribs and purlins covered with corrugated plastic panels.
Exhaust fans at one end plovided air i i rculat ion, and an auto-
matic heating and cool ing unit kept the maximum daytime
temperature at ca 27"C and the minimum nightt ime temp.
erature above ca 21'C- The air ionization system uti l ized a
hrgh-voltage power supply connecied to four emitters (needles)
spaced 61 cm apa-rt in a square pattern and suspended 56 cm
above the trays which were to be exposed to air ions. I t  was
operational 2,1 hr. a day. These tmys and the emitters above
them were located 2 m downstream from the trays holding
control seeds and seedlings.

Experimental Plants

Seeds of the indeferm inate variety of Lomalo ( Lycopersicon
escuLentum P }l i l ler).  cv tropLc VFST, were seeded in moist-
ened pel lets and set in shal low plastic trays to germinate.
Sixty percenl of the pel lets were placed beneath lhe air ion
emitters in lhe seedling house and {97, in the control secl lon.
Al i  i rr igation, feedings, and environmental control procedures
were performed according'to the growe!'s normal operational
standalds. Treated and control seeds germinated 5 to 6 days
after seeding. Al l  the seedlings were left  in the seedling house
for 16 days before iransplanting into the greenhouse, where
they were divided randomly into two groups: 864 plants in
beds 3, '1 and 5, and 576 in beds I and 2. Ion f lux density was
greatest in the area of beds 3,.1 and 5 (treated plants) and least
in that of beds 1 and 2 (control piantsj.  This point is considered
in "Discussion .

Structulal Design of the Greenhouse

The GH in which the st imulated and control tomato seed-
l ings were transpianted is shown in Fig. 1. Essential ly, the CH
configuration shown is commonly described as a quonset
(kamaboko) house. The p mary structure consists of a series of
r ibs (bulkheads made from assembled plast ic pipes with metal
pipes as intercostaisIpurl insl) and roof truss merhbers. The
entire structure is covered with iiberglass-reinforced plastic
panels. Cutouts are provided at the gable ends fo! exhaust
cool ing fans, doors, and cool ing pad panels. Secondary struc-
tures of steel pipes are instal led internal ly to support the natural
gas heater/fan unit and the overhead air distribution duct and
also for the necessary wile cables to support the tomato vine/
fruit  loads. The GH is ,10.23 m long and 7.92 m wide, and pro-
vides a total productive a.rea of 125 mZ. A covered below-
ground level reservoir to contain the nutrient solution and
pump/valve assembly is located just inside the entrance door

Cross Secfion Vrew ot Growrng Beds

Fig .  l  Long i lud ina l  rnd  c ros-sec t ion  v iews o f  the  greenhous€.  The a i . - ion
emi t te r  in . ta l la l ion  and th€  loca t ion  o f  lhe  a i r - ion . l rea ted  and confo l
p lan l !  a re  sho*n .

aij ruos ----7 z5 r'i '4-;5';

Journol of Biological Physics Volume 11, 1983

,



of the GH. l ts capacity is 4160 l i tels. The remaining f loor area
consists of concrete perimeter walkways, worklng alsleways,
and f ive double-row planting beds, which accommodate a total
of 14,10 tomato plants. The beds are sunk beiow the aisleways
and are proLected from Lhe eanh wrth plast lr  hners or barners.
Ined gravel is used to fill the beds and functions as plant root
support medium. The beds are periodical ly f looded and drained
during the day with nutnent solut ion to provide tbe plant food
needs and plant root aoratlon, The minimal night.trme remp-
erature dunng the experiment was ls.C and the maximal
daytime tempcrature was 25"C.

Air lon Generators

Negative air ions in this experiment were produced by a
Klykon model 130/E109 generator lvi th emitt€N posit ioned
as indicated in Figure 1. The l ine of 28 emitters was located
directly above aisle 5 between beds ,1 and 5. Since tle piants
in tle aft section were 30 cm closer to the emitters than those
in t}le front section, they received a somewhat higher dosage
of ions. It should be noted that t}!e placement of emitters
relative to the growing beds did not provide an ideal test of air
ion effects. As is evident in Figule 1, the control beds 1 and 2
were not completely protected against ion drift from the
emitters locat€d above berls 4 and 5. The longitudinal flow of
air minimized latei-al dispersion, but did not entirely prevent l t .
At eithe! end of the greenhouse the longitudinal flou averaged
1?5 ft /min. In the central area the f low frorn inlet to exhaust
was ca. 90 ft /min.

Air ion f lux density at various levels of the greenhouse was
measured with a target probe and a Keithley electlometer.
model 6108. The air ion f lux density 20 cm above the growing
beds langed from 8-20 x 103 negative ions cm-2 in the aft ionl
treated area and 6.9 x 103 negative ions cm-2 in the forward ion-
treated area- Corresponding values in both the aft and forward
control zones were 5 - ? x 102 negative ion cm'2.

The ion genelat ing system went into operation 24 hrs a
day three days after the seedlings were transplanted. Thirty
days after transplant, operation was l imited to dayi ight hours.
As noted later, there was a bnef period of deactivation 100 days
aJter tlansplanting.

Since as little as .10 ppHtrl of 03 is harmful to tomato
plants (ReLnert et al., 1972) and corona dischatge type ion
generators ale liable to produce 03, we wanted to be sure that
ihe injury threshold was not exceeded. The cenif ied, exceed-
ingly sma.ll output of 03 by the genemtor-emitter system
employed and the enormous dilution factor imposed by the air
€xbaust system combined to exclude 0l as an element in lhe
present expenment_

Plant Culture and Maintenalce

The grower's standard operational and environmental
conttol procedures wete followed except for nutient adjust-
ttlent and changes in leaf pruning and pollination necessitated
by air-ion-induced effects to be described under ,'Results.',
For this wint€r/spring crop during the plant matunng phase and
through the imrnature green phase of the iirst fruit cluster,
the nutrient folmulation shown in Table I was followed.

Trblc 1. The elemental cont€nt of rhe basic nulrient formula. This sol
ulion r't monitor€d every two days with a conductivity merer ard a pH

El.n.n!

_. 
Dunng the course of fruit  maturation from tmmature gre(,n

through mature green and color blush. nutr ient concentrat ion
imbalance became a frequent occurrence. Accordingly. excel)t
for trace elements. a two-step lncrease (20t; per step) in ma]or
elemenls was effected at each nuti ient change penod. i .e. every
three weeks. Visual observal ion of possihle advcrse effccts
stemmlng from nutr ient inlbalance was made three trmes per
week- No other serious deficiency or toxlc signs wer{i  noted
except for phosphorus deficiency seen in plants located nea-l the
r:ool ing pads. This, coupled with chi l l ,  caused somo 50 plants
to be discolored and stunted at the growing port ion. Appro-
priate changes in temperature and nutient formula brought
about normai ncw growth withjn a few weeks. Fnrit .  and petiolc
samples for analysis were obtained shorlly after the eirly
nutr ient changes.

location and Weather

The bydroponics instal lar ion used in this experiment
is located a few miles northeast of Grlroy, Cali fomia_ The
weather pattern for the period involved is summanzed in' lable
2 .

Tab le  2 .  Summary  o f  weath . r  da la  to r  penod o i  exper iment -

Tempararure {C )

Monrh High Low Max Min

Rain fa l l  Overcas t  Da\ 's
No.  o f  Tora t  8C% Cover

D a y '  t c m J  d u n n g  d a y l l ! r ' r  h r .  R . m a r a s

J a n  1 6 . 3  1 . 0  2 l . r _  - 5 . 0

F e b  1 6  I  4 . 7  2 3 . 9  | . 7

M a r  1 7 . 2  5 . 4  2 5 . 0  O  0

A p .  1 8 . 9  4 6  2 6  I  1 . 1

2  0 . 8 6  9

1 0  1 3 . 3 1  1 5

9  1 5 1 0  7 i

5  { . 5 0  1 0

Nore 3

No1. l l

M a y  2 6 . 5  1 7  8  3 ? . 8  3 . 3  0  0 . 0  2

J u n  2 8 . 0  1 9 5  3 6  I  6 . r '  0  o 0  1

Fe

Note :  1 )  Baromet f l c  p resur€  ranged f iom a  h ,gh  o f  ?? : i l . : l  mm HE lo ,
l o w  o f  ?  5 0 . 1  m m

2)  Da la  sourcer  Na! ,ona l  C l ,mat ic  Cente . ,  U  S Dep1.  o i  Commerce
3)  No unusua ls to rms
4)  Cus ly  w,nds :  25  knors  dur ing  la t re r  pa . r  o f  mon lh .  occu i r in {

berween 1000 and 1 ,100 hours  P .S T .

RESU LTS

After 18 days in the seedling house the air, ion st imulated
tomato seedlings were 5O-757o talier than the controls and had
1.2 more sets of true leaves.

During the f irst 30 days after transplanting into lhe green,
house, the seedlings in the treated area were st lDulated 2.1 hr
per day. No height or growth dif ferences were noted between
the stimulated and control plants. except that rnicrobuds
formed on the 20th day in the stimulated plants and on the
28th day in the controls. Blossoms appeared on the 29th dal, in
the ion-treated plants. On the 30th day in the greenhouse wc
decided to st imulate only dunng the dayl ight hours l0?0()
1900) to al low io! a rest period dunng the night. Several
days lat€r a marked elongation of the stems was noted in
both treated and control plants. However, the srrmuiated
planls exhibited a stem growth rate substantially greater tharr
that of the controls by t le end of the 41st day (Fig. 2). This
was equivalent to "plant eati iness" growth of 20 days over thar
of contlols. Fody-one days after transplant the gro{th rates
for the stimulated and control plants levelled off and remained
constant with tespect to each other. However, the residual
"earliness" difference in growth rate temained about the same
until 120 days aftet transplanting. Since t}Ie tomato plants were
grown as single-vine plants, lntegr:a.l elongation measuremenl

M c s
ppd r  124  99  266  64  t I  87  t . 32  0 .64  0 .3  038  008
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Fig .  3 .  Tomato  p lan l  y i . ld  fo r  a i r ion  keated  and conko l  p lan ls  p lo t ted  as
yre ld  ra le  aga ins t  harves l  weeks .

For mol ron
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Fig .  2 .  P lan t  g .owlh  ra te  o f  con t .o l  and an . ion . t rea ted  tomato  p lan ls .

Th€ ord ina te  ind ica tes  a !e ra8e ms in  s tem length  in  cen l imeters .  The ab '
sc isa  l i s rs  rh€  days  . f te r  t .ansp lan t inS.  I l ta jo r  events  charac le . i z ing  !he
a i r - ion- t rea led  p lan ls  !nd  cont ro ls  a .e  en tered .

was not possible. Consequently, in Fig. 2 only the main stem
average rat€ of growth is shown as a function of days lrom
transplanting. Notes have been entered in Fig. 2 to key certain
growt}l events.

Visual inspection was on a continuing basis tor plant res'
ponses and physical appearance. The stimulated pLants in
general had thinner stems, smalier leaves, less dense overall
fol iage cover and had two or three more f lower fruit  clusters

than the controls for equal stem height. The labor requled for
plant leaf pruning was much less for the ion_treated plants than

for the controls because oi the denser fol iage in the latter. On

the other hand. less effort was expended on pol l ination of the

contlols because the ion_stimulated plants had more f lower
ciusters per plant. These dif ferences balanced one anolhe!.
Harvesting, sizing, grading, and packaging of mature fruit  took
place three t imes per week.

Ninety.seven days alter transplanting the growth rate
decreased for the stimulated plants and was only slightly
reduced for the controls. 

'fhis phase coincided approxlmately
with the brief p,eriod when air-ion treatment was lnteEupted!
as noted below, and produced no ill effect on flowers, fruit
growth, or on matumtion of tomatoes. Virus desease was
detected in control and stimulated plants during the sixth week
ol harvest and caused a leduction of fruit yield. Diseased
plants wele removed at a rate of 37o pe! week of the total plant

population, producing a total loss of 257o tn the treated €Foup
and 10% in the controls. The col lect ing of data for plant per-
formance in terms of fruit yield and quality was terminated
152 days after hansplanting because of the excessive plant

det€riorat ion and Iosses to virus infect ion.
Harvest of fruit from air-ion treated plants began 104 days

after seeding (86 days after transplanting) and proceeded more
rapidly than did harvest among the controls. Figure 3 depicts
the yield rate pe! plant as a function of harvest weeks for
stirDulated and control plants. Figure 4 displays the cumulative
fruit yield per unit of greenhouse area. Because of the higher
incidence of virus inlection in the ion-treated group the yield
curves begin to converge at the ninth week. Figure 5 is a plot
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woosrer,  ohro.  

5 rnc i  ne perrole compos,rron rr*ur$ rcr{ ' r  ro dry weishr basrs d repo.red by bARDC (ohio s iare u. , ""^, tv j .

Analy*s .  F.urr  Comfbsir  jon
(Ave.ages)

Ripe Frui t  pH EC Bnx
from (ppm) ( ' ) Na Si M n  F e  C u Sr Ba Al

Analyses  .  Pe t 'o le  Compoe l 'on
(dr r  wt  bas 's )

ac 'd  acrd  F tavor
(%)  (ms / t0os ) B Zn Mo

E"
P € r i o t e N p K c a M g

Coniro l  1.4? 2300 5 OU 0.31

S r i m u l r t e d  4 . 4 O  r ? 2 5  5 . r S  0 . 3 6
conrrc l  I  ?5 0.93 6.36
S t i m u l a t e d  r . 8 0  l . t  I  6 . 0 2

t . 3 0  0 . 3  E  0 . 1 1  0 . l o
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Bet t€ r
69 99

8 6  l l 0
2 l  5 9
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l t  2 7  3 6

I  l t  6 1
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of the average cumulal i !p yreld,plant for controls and treatedplanIs agalns! harvest weeks.
lndependent analyses of fruit and plant (petiole) wete

conducted on samples talcen during the fourth hu_"at ,u""t
and t}le results are displayed in TaLle 3. fr,""" J"t"-.ai""i"
the arr-ion tteatmedt imploved
fru it. . Ge n erar o b."*u, i o n. 

-o 
f i il|"",""1'"1''il",i,j*t1 ",.T.:lH:

ulated and control plants are summarized in Table 4

D ISCUSSION

During the past three decades through the impact of t€ch_
_nological and horticultural bleeding advances, the greerrt ous.
ploduction of vcgetables, flowers, and bedding ptan* tras

Jl l lE -1 olsed.rrcns compadns rne r.sur(s or nesarrve air ion rr€ar.m.nt or lhe sp nt rornaro pjrnr .rop with a c"., ,"t  r  r . i*r. .a1 *p 
-- '

I PLANT CHARACTERISTICS TIEMARKS
a Slem h€ighL growth Ear l ier  by t*o *e€ks
b.  St€m diamerer,  deases (harur€ s_"rr_, i .e 

" - , i ) . r " - ro.pranrs j  controt
c.  !€af .s ize 

(area),  deras€s (maru.e Smalt€r  by 60% ro 7s7.

d.  Cluster  internode averages Ctos€r i  la crn v6 25 cm for

e Number or flowers pe. crusrer. *j""[tj?/"-, o,rr***"

r. Fruit compositron and flavor a.u""til," ,

J. FRUTT YIELD RATE PER PLANT
r. Yield rat€ per we€k
b. Cuhulat ive y ie ld rate
c.  Sp. ios.rop y ie ld

trecome a dynamic and viable industry in the United States.
Although the United States lagged behind Europe in terms
of gteenhouse acteage, the steady gror,tth of the industrv is
begrnnlng to close !hrs gap. prrmari ly bpcause of lncreasing
demands for high-quality fresh vegetables and flowers at reason-
able cost. In general, the greatest concentration of greenhouses
in the U.S. is located in the Eastem zone, notably in the state of
Ohio. However, other states in the South and mid-Southwest
are expanding theu facilities. Dunng the last few years the
industry in the Pacif ic states has begun.to show rernarkable
growth, especial ly in the production of greenhouse tomatoes
and European-type cucumbers.

Although tbe industry has been on an up-trend, the impact
of recent crises in avaiiability of energy, escalating piices for
fuel, material and supplies, and for labor have imposed a sereve
constmint upon plant expansion and facilities. These factors
bave moved commercial gtowers in the United States to look
for the implementation of technological and horticultural
advances that would provide them with increased production
and profi ts within the exist ing faci l i t ies. One potential element
in the area of technological advances may well  be the
application of air- jon lreatmenL-

Desplte the fact that as long as 200 years ago atmospheric
electr ici ty was suspected of inf luencing plant gro\rth, the
requirementJ for cr i t ical investigation could not be met unti l
1899 when air ions were discovered. Since then, wide-ranging
int€rest has developed in a whole spectrum oi air-ion effects
on livlng forms. The literature contains many accounts of
experiments in which ai!-ion enriched environments have been
used to treat diseases, e.g. asthma and weather-induced svn-
dromes such as the sharav t l lness of Isreaj Ths phasp of au.- ion
research has not been implemented in conventional medical
practice, largely because of failure to meet the requtrements
of satisfactory experimental design and neglect of thc Dlacebo
effecr. Str-,rdies of general brorogrcal effe"rs uslne bac!€ria.
protozoa, higher plants. insecls. and higher anrmajs have bepn
more productive, to the point where it.now is possible to state
that arr ions are biologtcal ly acLive. As noted ln t_he int!o-
duction of this pap€r, there even exists a fair amount of infor-
matron regaJding the mechanism of air-ion stimulation ol plant
growth.

Our goal in the present study was to determine whether
the air- ion enhancement of piant gowth, so teadi lv demon-
strable in the laborarory. occuls on a large scale unj",  . .p.u,._
tical" conditions, The €xperiments were conducted with tomato
plants in a Ca.lifomia hydroponic greenhouse facilitv where
tomaLoes and cucumbers are the primary vegetable crops.
Hydroponics (soilless culture) was chosen as a first-choice
t€st bed program because of it flexibitity in the control of such
variables as nutrient formulation and concentlation. extent
of irrigation, and environmental fac6rs-

Out experimental design included observations for air-ion
induction of (a) growth stimulation, (b) accelelation of fruit

f .  Pet 'o le analysis

2 BUD, BLOSSOM & FRUIT
FORMATION

e. Buds and blosoming

c.  Frui t  r ipening
d.  Frui t  confo.mat ion and qual i ry

See Tab le  3

Ear l ie !  by  abour  two weks
Ear l ie r  by  abour  rwo weeks
Ear l ie r  by  abour  l0  davs
Bet le r  by  10% b rS% io r

Crade I
More  o f  la .se .  s jzes  ( . {x5s  &

Createi by 50% in fir6t 3 we€k6
G..ate.  by 2?7o ar end of6 weks
Equai led the previous good

s'rmlner crop (  unlreared)

i. NUTRTENTS
.' ilff ,"""';:*Tj,l$fiil[:..,1,1 * j;ff ,]3.1;,:'ff #,*:::d "*

5, UNCERTAINTIES
. 9ft, ."- ai ' .ron dosaee tevet rcqurremenr ror other cujrrvars or ar
, dirfer€nr srages of ptanr malunty 

'

"";i,l#Ti:;:"t""J:":;."i.,'::1"",::l?i':".";Ii:315:'rH:,.
r  

t ' ru ler  and funsi  andon f ty ingor.rawtrnS in;ccLs.- 
fli;f#.r,::ti:I.,;:1"il:li:"jj",*T's poss'b,v due ro b'o
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maturation/r ipening, (c) increased crop yield and (d) improie-
ment of fmit composition, We recognized that in such a pre'

liminary exp€riment it would not b€ feasible to conduct a

definit ive test employing the control condit ions one would

impose in the laboratory. Ideally, an experiment of this sort

should utr l lze two spcl lons of the same greenhous€. one hous_
ing the treated plants, and the other the controls, completely

isolated from the art i f ic ial ly ion-enhanced atmosphere. For
plactical reasons. we were not able to install a Faladay cage to
pervpnt rons from reachlng conlrols. .{s a compromtse. we madP

us. oi th" fact that air'ion density falls off rapidly with distance
from the ion source- The emttters were so posit ioned along the

length of the greenhouse that beds 3, '4 and 5 were closest to

them and could be considered io present an lon_ireate<l area
(Fig. I) .  Beds I and 2 were far enough away l"o sPrve as controls

although they undoubtedly recerved a low dosage of ions.

Consequently, in the absence of a completely untreated set oi

controls, any diflerences in biological effects observed during

this experiment could be ascribed to differences in air'ron

dosage. C)n the basis of the aveEges oi the ion flux densities
(number of ionsTcm2/sec) at plant level in the three dif ferent

areas of the experiment. ion-ueated plants in the ait section

received ca l7 times the dosage of planls in the control areas'
while ion-treated plants in the forward section were exposed to

ca 13 t imes as many ion as the conirol plants.
It can be argued that the plant responses obseYved on our

experiments depend on differences in the imposed electrical
fields. Clearly, the control plants lvere exposed to lower electro_
static fields than the two groups on ion-treated plants. Howevel,
the work of Bachman and Reichmanis (1971) and our own

expedments (Krueger ef cl . ,  1.9?8) demonstrate that ai!  lons
are the primary element in conveying the small electrical curr-
ents to plants that result in increased €te of growth. In our
exp€riments, conducted in very low electrostatic fields, no
growth enhancement occurrd until air ions were added to the
ambient arr. Bachman and Reichmanis found that increases
in plant growth, in the absence of added air ions, depended
upon the intensif icat ion of relat ively low electl ical f ields at the
pointed ends and f ine hairs of plants to such a degree that
corona developed and air ions rvere produced. The electr ical
currents requi led to st imulate grolvth are quite small :  6-10

pAi/plant in our early studies (I&ueger. et.  dl. .  1962), l0 pAi

plant in more recent ones. and 10 p-\ in Biackman and Legg's
(192,1) series- Pohl and Todd (1981) reported a cufien! of ; l

pA/cm2 at piant level to be effect ive in erpeditrng Lhe growth

and btossoming of gerani lrms and Pemian violets.
The goal of the expedment iecorded here was to evaluate

the application of electrocultule in the production of tomatoes
in a hydroponics gleenhous€- The genelal ly favorable effects
obsewed lead to the conclusion that the air ion ennched
environment was responsible for:

1. Earlier appearance ol buds and fruit by two weeks.
2. Earlier fruit ripening by 10 days.
3. Cumulative fruit yield rate per plant geater by 2'l7o at

the end of six weeks.
4. Supenor fruit  confoldation and quali ty by 7OV-1,5Vo

for Grade 1.
5. lmproved fruit  size.
6. Improved fruit flavo! and compostion.
Since the costs of insta.lling air ion generators are modest,

their energy requirements are minimal, and no detrimental
effects of negative air ions on the personnel have been observed,
this procedure appears to be a useful addition to greenbouse
technology.

ACKNOWLEDCMENT

wc pxpres6 our sincprp thanks to Mr. Rlchald Finger and

Thomas Michel of Klykon lnc. of Flonda for their interest and
help in making i t  possible to carry out this study.

REFERENCES

Bachman. C.H.r  Hademonos,  B.G. i  Under*ood, L.r l ' l .  J  AImosPhel
Tetresi  Phys JJ.  197 505.

Ba.hman. C H iReichmanr" .M , t*1 1973. h l  J .  Biometeor 17,
253 262.

Becca. ia.  C.B.  L7'15.  DelL Elet t t rcno Tenest te Atmosfet ico o Cielo Sereno

Bertholon de Saint  Laz^te:  l '183.  D.  I  e le. t t t . t te des u.gi ldur.  Par is.

Blackman, V.H. iLegg, A."1.1921. J.  Agac S.r  l l ,  268.

Cholodny,  N.G.I  Sank€wirsh,  E.  Ch. 193'1 .  Plont  Physio l .  r  2,  38 5 ' .108

Elk iey,  T.  M. i  Pel let ier ,  R.L. i  Bhartendu; Bar lhakur.  N.  l9?7.  la l  J
B i o m e t e o t .  2 1 ,  1 6 .

Elsi€r, J.; Geirel, H. la99. Tettest. Mosdzin. 4. 213.34

Cardani, C. De infiuru electicitati' otmosphencae in Degetantio, Tlurin,
17 84.  iDisertat ion).

Gasner,  G. 190? A€f.  Bot  Ces.25,26.

IDgenhous,  J 1?88 1 'nf luence de l  etect t ic t t i  otmosphet ique sul
les uegi toux J ph!s.32.

Kotaka,  S. ;  K.ues€r,  A P I  Nishizawa. K.  r  Obuchi .  T. ;  Kosure.  Y i' Iakenobu. M. 1965. Proc.  Aot  Soc ,  Jpn.  C2 | ,  43

Koraka.  S. ,  Krueger,  A.P. t  Nishizawa, K. i  Obuchi ,  T. ;  Takenobu, M. i
K o $ r e .  Y  i A n d r i e s e ,  P . C .  1 9 6 5 .  N a t u . e  2 0 8 .  1 1 1 2 ' 1 1 1 3 .

Krueger,  A.P. i  Kotaka,  S. i  And. iese,  P.C. 1962. J.  Gen Phrsio l .  15.
8 7 9 - 8 9 5

K.ueger,  A.P. iKotaka.  S. i  And. iese,  P.C 1963 Ndaurp 2oo.  707.706

Krueger,  A.P. ;  Kotaka,  S. i  Andr iese,  P.C. 1964. Int .  J .  Btodteteor 8.
5 . 1 6 .

Kruege.,  A.P. ;  Kotaka,  S. i  Andr iese,  P.C 1965. 1nl .  J  Biometeot  L
2 0 1 - 2 0 9

Kruege.,  A P.  i  Strobbe. A.  E ;  Yosl ,  M- G. i  Re€d, E.  J 19'74.  I l t .  J .  Bio
meteor 22,  2O2 212.

Lemstrom. S.  1901. ElectrrcLtr  n AgncuLtw. dnd Ho.t i .uLt ! re.  London.

Lund. 8.J. .  et  a l  19.1? Bioelectnc Fie lds dnd Crcbth.  Unive.s i ty  o l
A u s ! r n  P r e s s ,  A u s t i n ,  T e r a s . 3 9 1  p p .

Maw. G.M r96?.  Con J Plonl  Sci  . /7.  .199. i0.1.

Mu.r .  L E.  1963 \o l ! r? 900.  190

M u . r ,  L .  E .  1 9 6 1  N o l l r e  2 0 1 .  1 3 0 5  1 3 0 6 .

M u r r ,  L . E .  1 9 6 5 a .  N a l u r e  2 0 6 , 1 6 t '  a 7 O .

M u c ,  L . E .  1 9 6 5 b .  N o r u R  2 0 7 .  \ 1 7 7 . 1 7 7 6 .

Murr ,  L.E.  1966a. ln1. . . / .  Biometeot .  10,  1{7 153.

M u r r ,  L E .  1 9 6 6 b . . 4 d u  F . o n t ' e r s  P l o n t  S c i .  1 6 , 9 7 - r 2 O .

Mur,  L.E.  1966c.  lnt  J  Biometeor.  10,  135 1{6.

P o h l .  H . A .  I 9 ? ; .  I  A , o / .  P h y s  r .  I  : J .

Pohl ,  H.A. ;  Todd. G.W. 138r.  /n/  J  Biometeot .  25,  309-321.

Reinert .  R.A. i  T insly,  D.T. i  Car ler ,  HB 1972. J.  An Soc.  t lo ' t .  Sci
9 7 ,  1 { 9 - 1 5 1

Sidavay,  G.H. 1967. Specl fum, 2 l  i ,  303.

Sidaway, G.H. 1973. J.  Electrcstot ics 00,  389'393-

Sidaway. G.H. i  Aspray,  G.H. 1968. 1nt .  J .  Biometeot ,  12,  321-329.

Thomsn, J.J.  1898. Phi l  Mdg. 16.  528-5,15.

Winton.  R. .  e l  d l .  Unpubl ished data.

Zburbi tsk i i ,  Z. l .  1969. P.c USSR Acad. Sci . .  Bio l ,  Ser ies #1,  Jan.-Feb.,
1 0 0 - l 1 2 .

Zhurbi lsk i i ,  Z. I  i  Shidtovskaya,  LL.  1967. EIehtrcn.  Obtdd.  Motet  6.
? 0 -  1 3 .

Editor's Note: Dr. Albert P. Itueger died on Deceibber 8,

1982. Please !efe! leprint requests or correspondance in cat'e of

the Air lon Laboratory, Department of Biomedical and En'

vironmental Health Sciences, UniveEity of Califomia, Berkeley,

Califomia 94720.

j
1 0 Jouraot of Biological Pfiyslca Volume I l .  1983



t :

FRUIT TREES

e .".' 1
c o n i c a l  I

co i t  
J

I
)
I

When
a l s o

i rh

wa ter ing
f i r l  p i i e
w a c e r .

Groun d
teveL p

Ground
Leve 1

8" ro to '
, rUoR, H g, oE

De ta i  1  ,o f  t ree
An tenna .

- ,  r  1

A l w a v s  b e  c a r e f u l  n o !

-_rE o t ou ch th e l eave s of
r a c " I  t

FENCES
Chain  L ink

to  a  l low Ehe anEenna w i res

the planEs or bu_rn ing could

Barbbed Wi re

FENCES BECOYE ANTENNA

-2t-



POTTED PLANTS OR PLANTER BOXES

Ground
leve I

f lan ter  box  may

a v a i l a b 1 e ,  T r e l l i s e s

p l a n t s  -  P e a s  ,  b e a n s ,

be  used indoors  w i  th

t - -
rl

be any  s ize  conv ienent  fo r  a rea

can be  a t tached fo r  c l imb ing

tomatoes ,  e tc .  They  rnay  a lso

G r o w  L i g h t s ,

Co i ls  shou ld  be  c leaned
tw ice  year ly .  To  do  th is
imerse  in  a  oa i l  o f  ho t
waEer  in  wh i ;h  L  box  o f
soda has  been d i  so lved.

9 turns
o f  w i re
to form
a  c o n i c a l
c o i l . Nor th  o f  the

co i l s  shou ld
CLOCKWISE.
South  o f  the
CLOCKWISE.

Equator the
be COUNTER

Equator

leve1

-22-



BIOLOGY sPP{  drp  !o  i J rh ib r t  p ls r r , lov . lopma. t ,  bur  f ro r r  r ru . l , r , .6 r , r , r
tnflucnce or Erectrostati;_Fictd: on sced ;!ii.il",l"'X[[,lu"T;I*r"l[1,.1T,$H.*.:il,;ili:i:

Germinetion and not, moroly by_ lho pnrorrco of ch{r ,iold pr ,.. "llrr3
'E' ESr rrtr .strgst iors lrave st imrrlg!.d urdr.r i rru-rut in possr blo i l l f luonco of l ighC in rcducing rho magDr r uJo of t  hrs

". f"*,.b|,: lriologic*l sigrriticarrco of nstura|y o"c"rrtng Pglf i{ offoct ms,-y -bs siShificanr tTiblo 2). 
"A 

comparison
' . r i r .  l i ,  l , l so r rd  r ' l r r t , r i  ph r . n , , r nn r rn .  Yu r r r i hosshow i r  r i t h  t h€  wo rk  o f  K rueS€r  d  d . l  i s  no t  p , , €e ib l e ' i n  t he'urL lrrgh I | ' t '  ryrty, l ,r ' t rrc t icl ls uppoor g,o rrr lrr [ : i t  dnvelop- lLrrcnco of- ion.donuicy ind currorrt mrdu|.. tni.nts, t)rrt ,
rr. t  i rr  grues r{ '{rJlrrrg"; hu porrrts out. honevcr, th;r Ed\rsrddr found thar a posir ivo 6eld slouerl dorvri  Lhtr
rr ir ,  r  \ork, 'rs, noebl] . lorgor,scr, and prrrxt l"J.. .  and i lb 

ol dcv"lopmenr-of i 'eryt ir  pupsr/ol.  be slso suSSestLd
l:r l ' rrs 'rr ir t  )rnd Shrl,ata',  obserr,r l  rncreus.s in plant thoc conloct- induced ol, .ctroirat ic ihergoe rnight ir i i iuence

J orvoh t tndcr elrrctr ic f ield condit ioDs, a l thou gh tho frcouent l t lsect b€baviou!r0 r
, l  rrrr.  rcp of '  onrrodrcror.y r"srr l te irr  muc-h of th. ;arly Tho prosent Fxpcrlmpnts *cr., .  ini t iatorl  In an a!&empt
ork _oD this subjoct lrts boorr ornphasizcd by Lund:. tl qryvid.€ a Possibla ba€is for corrolation rrr-rrra{'t,n goo-'h, pL)'sroiogical effocts ofair ionizst ion lra\.F bc{;r j tr tdrcd electr jc phcnomens sDd tho msniffstst ion of psychia'tr ic
t '  tr t tmt,tr "f  sork"rq:. Kru.gFr pl , / . !  rcp',n l i ,st dtsturbance. Rymptoros, 

.  d^qsuming sucl,  a r l lar iorrshrp
\lr , ' l r I ,  lo I ,oriuv"ly or negstiv. lJ '  iorrrzo,l  arr produced to r,c nlFdiacc(l  throl lgh ! 'sr iat ior€ in n, rrro-Lormorre
rr, ' r ' rnJrid gcrrnination i i  Atena aal i 'o sAdds qirh suh. act ivi ty result ing from _elecJrostst ical ly induced chdnges
' l ,r ,r t  i r , '  ro,r.sFb irr grourh arrd dr).  qeiglrtr  sl ight rt ]  l r8sue r€sprrarion l"r 'cls. Prel iminary gas.lr 'al). ,rs
r. r '  a\,  s rr gro\-th sFr,.  Rlso not,,d srtL r, . . . lhngs pla;.d f tudr,.s appear Io rnrlx.si€ s possiblo polairt j -depcnd"nt
'  Porrlr \ .  or negati \ '€. lo.tr ic f ields of 95i V over i0 "m: /" loctrGtai ic irr f lucnc^ on t lro rat€ ofp;duction oi 

"arbo,,:r  !hl 's{ €\ l)erimonts, hou'evt- 'r ,  tho seed r:ontainers qere ldioxr,Je.ir t  Serminat, ing seeds. Further work sloDg thr 'se
iroulded to p.event tho accumulstion of surfacc chsrqe. 

'lrnoa is in progtess.
I ' l n '  p r . s . r  r  t '  . on  r rnu  | l i c s l  i on  d i r . c t s  s t t €n r i on  ! oRn  app ; r .  I . ! hankD .U .H( . s t l r co te rb rca r r ; i r r gou r r1 , , . s l a t i s t i ca l
'r  t  d^pendcr rcc on polarrty oftho response ofcerminl i ing anal lsis: I  r lso rt tan|r Prof. U. F. lrpre1.. Dr. J. R.
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|I d^t t 'i4 ,. cl,.rt' x. vq'&t, I' c.t
rrrlll, 9m o9?2),

t!- S, M. P'*Eh.l, Entho^ H.dth P.rtPc.t l,

It (l9a): t }|. S.ptrlrlor.nd L H.t*
t''r- D,. t. t,A Y.d n, a, QYn.

la. t O. L.aldotn, E. B Clrtron' P. J. Grr'
L.!t, ,. St Ps-4 H. T. Dclvt+ W. C.
f!, t. I-.n.. rft+m. J3t alYtlri ?, t
bndrit.t, R. H. wlittonh' R W. Bdoh
N. W. $xhUta, W. F. l{tb.l, A. F. no!.&
blu , Fpq F!*i|t d al rb Coal4oc! ol
Ctll&ood lrrd PoLonlta co'orrol P.oi.ct'
Cclt . to. Dtt t Cdrol, Ailuu' MrY
lna.

tt. s.r9Dorrcd bv C|!.r|llr Nrltoad l.*rtct
CouDc{t rc..rch t'l'! Aa6a/i. W. th.!t $.
ra.t ot tb Totolto lorrd ot Hc.nl' Pubuc
ft dah Dcaddq 6. l{o?hd lor $ct

ChU(t.|L |nd fu htlo l|bftY of &
Eavlroodat ld ibl aoo"..alr6. Cdn*
nlty Fr!.nl!t DtolErm. t.'ri ort|r!.d bv
locd ..tatat-a aroCrtlocri Dr^ l. A iltt
.!d S. M. M.ct od colL.r.d blood ard hdt
..mrL.. N.lrmlodc.l tlt t<. .!tts6 out
by I)'. O. Mur!f,y. Tt Al"A |!.l coFoFr_
rrhyrlr r l'|- ntt cttrLd out bY Da. I.
lt6D!- w. tl&t Y. OEYrr A. V.ul&
WlllhE, tad F. fiulr to. L.lalcrl .t lt'
.n ., rn<l ttr c|n.dLr Envloat|Ent.l l.|w
Atloclatlo! la rdvlc..

. Praraa rddraar: D6p.tidar oa t ra!y. Unt-
E.riry of Lirc'pool Uv.rFol Eodrd.

t Pr.aa d&.||: Tr... Ad.lydt n...s.s
Ccntc., D.lhousic UnllGrdty. Hrlif|r, NoYr
Scoalr.

t Autila l9?a

Fig. l, viability of storcd lccds a'f z€a
,ralj a5 a functiotr of thc duration of
thc aging t.ratmclL Scc& with a Doistutc
contcnt of 13.6 pcrctnt wcrc placcd,
embryo sidc do*n, o!| lluoirum foil ir
a small cnclosed chambcr (to erintritr
thc moisturc €ootcot) rDd tcltt !t /()'C
to accel.rrte thcir rfi!8 (.c&cs thcir
storagc lifG), Thc cntirp cotrtcdr of l
singlc chambcr wcr! trtcn fc crh ran-
plc. Thc 6.cdr wcrc lootld ir trp rrtlr
ovcrniSht and lhco plAcod o! Doid FrFr
towcling. Germinatioo wrr r@rded t l
boun rftcr th! ltrrt of !o*h& (r) Sccdt
providcd vith cltbodic protlctioo by rF
plyin! a n trtiw potctrtlsl ol 300 teltt
to thc rlumitrum noil; (b) control !ccd&

Air{ry rccdr c.! b. rrftdly rrrd
rrtifci.lly by mriotriDitl tba r
rclrtivcly hith mobtur! contctt (13 !o
15 Frc€ot) rnd rtr clcvtLd t6pctr-
turo (4OoC) (rr). Airldrt rccdr probr-
bly do not brc srficbrt D.&tura to
pcrmit rqucoulphrac cozyrDo ltrctl)or
to occur, aDd rcprb Gb|nL.or ur ur-
likely to b3 opcntivc ir !|rh a ryrtco.
Thw, drmrt itrduc€d by ftG. rrdbr,lr
would rccumul.tc io dry rGcdt, ?hd!'r
in hydntcd liorx er6,t"-.lc canld bo
rcpaircd (/a). Scodr of Zcr nry (lt-
dien com) thrt brvc boco artiicidty
rgcd rbow rbcrrraioor of mitocboodrirl
mcmbrrna s! ra arly dfp of rfiq.
b€forc tb. viability ol thc tocds do-
cliDca ( It),

Scc& of Zeo n.lt Ytra [bhclod to
snifcid rtint tFrtmat by m8ir|irilf
th€m in r rmdl cocloNcd chrltlboa |l
/tooc- Tbc recdr wcro pmvidod vitl
cathodic protcctioq by plrcint tbm,
crnbryo ridc down, or tluminum foil
within tb chembcr ard rpptyiq r
Dctativc potcotid of 300 volt! to tbc
foil. Control !.€dr r.rc mdtrtritad ur-
dcr similar cooditioo. ritlout tbc rI>
plicd cbrrgc. Tt cficcr of rtorflr timc
on thc virbility of tbc rccds ir 3how! ir
F i&  1 .

Conridcrabl€ dccrclcr ir virbi.lity
loss werc achicvcd wit! c.abodic pto-
tectioo. In rddition, tbe cooductivity of
the wrtcr in whicb tbc lccdr rwrc
soakcd bcforc grrminrtion wrt coo-
sistcotly grcatcr for thc cootrol rccds
than for tbc sccds which had bccn cx-
pos€d to thc ocgativc cbatgc. Tbir i!-
dicates that more matcrial was leachcd
from the control rccds during soati4,
which suggests that greater mcmbnoc
damage had occurred in th€m th!! ir
the seeds provided with catbodic prot c-
tion. Chromosome abcrrrtioor uc
known to accumulatc in nondivkling
c€lls of se€ds under cooditioor of E-
ccleraGd agiot (rJ). Frcc rsdicd p.3-
oxidation may rfcct macromolocr cr
other thao lipids; thu!, our obccnrtion
that after l0 days of th agilg frat-
meqt the perccotagc of chfomosomc
ab€rrations wrs 12.6 in tbc contr,ol
secds rDd 4.3 in tb€ protcct d i€cdr
may bc of signifsaacc. Tbc rtductior|
in mortality rEtc for dry rccdr, wbich
arc relativcly nonhydrrtrd rtrtm,
werc far trcrtcr thrn ray rcbbrrcd for
animalr, rvhich rrc hydfrtcd rf&D"

Crthgdic protoc-rbtr 6ould rodrn
frec radicrl $bck or binlqicrl nrcm.
molcculs Uy pmviOq r rourco d
clectroB tO rrrct ?ith lbc frc ndk:llr
(r2). Thuq tbd. re h, provids rtrola
evi&G for frcc ndlrl durla 5

l t t

Virbility of Storcd Soed: Ertension by Crthodic Protcction

Abstra* Plrclng secds on o n gotivelt charged conductor cxtended thcir vbbil-

Ity dudng artificial aging. Such cathodic Prorcction may t.duc. lr.c rodicol anach

by providing a tourcc ol electrons. Th. resuhs support th. hypolhesh ol lrec
rdicaf datnaCc to cellular componen s snd orc cotlsiEtent wlth such damagc

bcing l\tportanl ln d.tcriorotive tcncscencc changct.

It is welt Lnown that frcc radicals some exp€rimeDts lipid pcroxidation ap-

ioitiate peroxidativc degradation of ul- pearcd to bc teduccd without rDy cfiect

saturated tissuc lipids, and it har bccn on lifc spao (Ir).

suggested that this could give risc to Moln6r (12) sttcmPtcd to rcducr frcc

drmage to cellular membranes (1). Lipid radical attack, Dot by supplyilg .!tioxi'
peroxidatiotr il mooomolecular-an{ bi- dants itr the diet, but by maintairing

molecular ilms leads initially to au in-- rnice in a cagc with rn Epplicd ncgativc
prease in membranc permeability and ttotentid it a maoDei ssaloSous fo tbe

then to s decreas€ in mcmbranc stabil- techniqoe of crthodic protcctiotr of
ity (2). Damage to biological mem- metals agai$l corrosion. The average
branes associated with lipid peroxida- and maximum lifc apans of mice ex-
tioo has bee! shown in mitochondria posed to a negatiYc chargc were, rc-
(.r), microsomes (4), and lysosomes spectivcly, 25 s'',d 32 pcrceot greater
(J). Lipofuscin granules accumulate than those of micc cxposed to 8 posi-
with chronological age in some animal
lissues and these graDules app€ar to
cootain protein and peroxidized lipid
(6), iodicating that l ipid peroxidation
occurs throughout the lifc span of an
organism. It has been suggcsted that
this free radical tEroxidstiotr of uo-
saturated lipids is r basic deterioralive
mechanism ia cellular agiog (Z). There
is as yet little direct €videocc for the
accumulation of membraDe damag€
during senesceace. However, extremely
swollen mitochondria, witb disorientated
and fragmented cristae, indicative of
menrbrane damage, havc beeo observed
in the ff ight muscle of old (25 to 30
days) male houseflies (E).

Attempts have betn made to prolooS
the life span of organisms, aod promis-
ing results havc beeo obtained by sup-
plying membrane-stabilizinS drugs to
firosophila (9) and by including vari-
ous antioxidants in the diet of micc (7,
,10). Howcver. thcsc results are far
from unequivocal: not all reatmetrts
.re effective (7, 9), difierent results are
obtaincd with th€ same rntioxidatrt on
diffcrcnt strains of mic€ (7), and in
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€L€CTRO - CULTUR€
magnetic principles and
growtl over sn acre of

This device employs natural electric and
costs nothing to op€rate. It will stimulate
ground.
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8 .5  ELEC1RIC  F IELD EFFECTS ON PLANT L IFE

Seve raL  E t . ud ies  i L l us t l a te  t he  use  o f  r e l a t i ve l y  s t ! - . . >  __
e fec t r i c  f i e l ds  t o  a f f ec t  t he  v i ab i l i t y  o f  seeds  du r i ng  s to rage
and  seed  ge rn ina t i on ,  o r  t o  i n f l ue r r ce  l he  g row th  o f  p l i n t s .

-  P a n u n e n t e r  e t  4 ,  ( 1 9 7 4 )  r e p o r t e d  t h a t  s t o r e d  s e e d s  s u b j e c t e d
t o  a n  a r t i f i c i a l  a g i n g  p r o c e s s  p r o g r e s s i v e l y  l o s e  t h e  a b i l i t y
t o  ge rm j .na te ,  so  t haL  a f t e r  30  days  o f  t r ea imen t  on l y  lOs
o f  t he  seeds  a re  v i ab le .  Howeve r ,  by  p l ac inq  t he  seeds  on
an  e lec t rode  a t  300  vo l t s  Lhe  ge rm in ; t l on  , . t e  a i t e r  t he  3o -dav
ag lng  t r ea tmen t  l r as  i np loved  t o  abou t  7O t .  I ' he  da ta  demons t ra 'Ce
tha t  a  subs tan t i a l  imp ro !€men t  i n  seed  v i ab i l i t y  occu rs  f o r  a l l
deg rees  o f  ag ing  and  t ha t  t he  p ro tec ted  seeds  a - l . so  show a  l owe r
Pe rcen tage  o f  Ch romosOma l  abno lnaL i t i es .  TheSe  e f f ec tS  a re
a t t l i bu ted  t o  a  f o rm  o f  " ca thod i c  p ro tec t i on ' ,  i n  t ha t  t he  e le i _
t rode  p iov ides  e lec t rons  t o  reac t  w j . t h  t he  f r ee  rad i ca l . s  and
thus  i nh ib i t  t he  no rma l  cou rse  o f  l i p i d  pe rox ida t i on  by  wh i ch ,
i  r  i  c  h a r  i o r ' - . 1  r h o  ^ a l  1 menrDrane  l s  deg t royed  i n  bo th  a r t i _
f i c i . a l  and  naLu ra l  ag ing  p rocesseg .

-  
s i daway  (196g )  exam ined  the  ge rm ina t i on  o f  seea l s  i n  an  e lec -

t r os ta t i c  f l e l d  o f  36  kv /h  and  cane  to  Lhe  conc lus ion  t ha t  a
f i e l d  w i . t h  ehe  pos i t i ve  po le  above  t he  seeds  i nh ib i t s  ge r rn i na -
t i on  and , t o  a  l esse r  ex ten t ,  t he  nega t i ve  po le  above  i i p roves
the  ra te  o f  ge rm ina t i on .

I ' l u r r  ( 1954 ;  1955 )  s tud led  t he  des t l uc t i ve  e f f ec t s  r { h1ch
occu r  i n  p l an t s  g rown  i n  f i e l ds  o f  20  -  80  kv /n  (DC)  c rea te i l
by  a  p l aee  l oca ted  abgve  t he  g roL rnd  i n  h ,h i ch  Che  p lan rs  we re
roo ted .  The  Lea fy  t i ps  o f  g rass  p lan r6  we re  i n i u i ed  o r  k i l l ed
by - th i s  s t l ong  e lec t ros ta t i c  f i e l d ,  wh i ch  was  i ; t ens i f i ed  t o-  
r n r Jch  h lghe r  su ! f ace  f i e l d  va lues  a t  t he  l ea f  t i p .  p rom h i s
s tud ies ,  Mu l r  f i nds  a  su r face  f i e l d  o f  f I o  -  13b  kv /n  i a  abou t
the  t h resho l . d  f o !  des t ruc t i ve  e f f ec t s  i n  t hese  p lan t s .  ! l u ! r
( 1954 )  specu la tes  t ha t  t he  mechan l sm by  wh i ch  t i e  p l anca  a re
in j u red  i nvo l ves  an  acce le ra t i on  o f  enzyme  ac t i v i t y  l ead ing  t o
i npa i red  ce f l  l esp l ra t i on  and  f u r t he r  des t rucc i ve  i ven r . s .
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l : J 0  l ) \ ' (  (  S .  , \ .  \ l  .  ' r  l  \ l . l (  l r  . 1 .  S l l l ' t . 1  2 .
. \ r i r t n r r  S t l t (  [  | i r e r , i r 1 ,  

. l i . r r r 1 , r .  
. \  s u r t r !  , , i  l t , .

c lTccts , r i  r raxf l ( l ic  t rv i rornrcr [ '  ( , r  sr .d gcr I l r l la l i {nr
and earry gro*rrr. p{a..t pl"6:"1g,1 11:4
Seed of  t \crr t l  ( l i f f f r f ' r l  : l ,er i t r  r , i  I larr ts  cdrnnrorr t r

u $ l  r r r  l a l  r : r t , , r r  , r r , , r r I  i r .  r r r . r r . , , . r :
t r r i r o r r r r r r r r r s  r : r r r g i r g  i r o r l  a  n u l l ( ( t  r . H , r , l  ( r r r - r c t i \ .
i rur . I  u[  0 to 2 i  nLi l l igauss r i ]  : r  t ) l r r r  i i r ( , r r  r r i rsr j t l  ( , i
ootD gauss str r rgth.  

- l 'hc 
rnajor i r l - , , i  t l r r  r fed gfrnr i

r ratcd fastrr  an( l  t , r ( ! locc( l  largcr  r , ,1r ,  i  r (1 r ( ! )1.  a i l t r
i \ 1 '  B e e k s  i , r  t l r t  r r a s r r r t i c  q u i e t  r r g i , r r . - t l r r  c u ! l ] l n b ( r ,
anr l  rat l ish plants nrai r r ta inci l  rh i \  incrraset l  ratc ( ) i
p r u $ t l r  i , , r  t h (  d u r a t i o ' r  u f  l l r r  t r l ' q r r r r r ,  r

S , , r n c  s c ( d  s l r , N r r l  a  I a s t c r  g e r r l l i r r a r i , r r  r : r r r  i , r  1 l r (
gfoD Ls1lel i (  l ie l r l  arrd r r r .L i r r ra inul  r t rc acc( lcra l . ( l  r :11(
t l r r , ,ughout thc extrr i  lc  l .  T, , ro r rerks ai r r . r  c t r r l l i -
r : r t r )  .  ( ( ) r r ,  l , ; r f l r t  l l | ( l  v e r , l r ,  r r l r r l r '  , r ; , f l i  A  \ t , , $ r r
r r  l l r c  { { r ) l l r : r a r r r i (  r l c l , l .  . 1 r  , r r r l  : '  r j r ; , r k . , l  j | . r ( 1 \ ( , i

r r t c  ! , i  s r u $ l h ,  1 s  c ( r r l , r r ( ( l  t , ,  l , l a n t s  i r )  l l r r  r j L r t l c , l  t i ( t ( l
- -  

Sccrts p lacc, l  ; I  t l lc  \ t ror !  l l r r l . l r ) . r r .  t r r t ( l j  !e ( . r i r l l \

$ere s lower to Fl jn l l inatc ar){ l  d i ( l  n l ) l  r  : r i r ) ra iu t l r r  r ] t r
o i  gro\ th sho$rt  t )y thc I ' la | r t r  i r r  t l r t  gt r ) t1urgncr ic a t l
r ru l l rd l iek ls.  Ccrnr inat i , ' r r  i r  t l re srrors r r ragnr:r ic  l ie I ls
was inRuenced by the l r , r i r ion , r i  rht  axis o i  the , re( l
rc lat iv t  t , )  thc l i r r t .  o i  n,rcc ( , i  r t r r :  hc l , l .  \ \ 'h tn rhe l l l r ts
a - \ N  o l  s . r D t  o t  r l r c  s r r ( l  \ a .  l r l a c t r l  i r r  r r r h t  a r r A l r : 1 o
t l r t  l i r r < s , , i  i o r c e  t h e  r a t t  o i  g r o r r d r  r a s  n r u c r l  s r o \ ! c :
than th. ,  rate ior  thc srcr l  p lactd \ i th lhc lo l l$ a\ i .
t , r r a l l . l  t , r  t h (  l i r r r s  o i  r , ; r c r .  I l , j $ ! v ( r ,  C , , t c u s  c u r t i r j r . r s
. l r , $ ( d  : r  , r l : r r k L , 1  i n t r u r . t  i r r  r ( r , r  L l r , , \ r r  r n  r r : r ! n c u .
r , . l 1 l  o i  l ( [ ) 0  8 : l | r s s  i t r c  A l ] r .  l l r r :  r r l l I l r i r c r  r i  r o o r .  a r r r l
t l ) r  l r r j j lh  o i  thc r r ,ots \err  hr th gfrar(r  i  l l ) .  r r : r ! :  f r i r
r ( ld th i l r  on i  r i lar  cut t i  g!  i l r  rh l ]  r )1, Ic( l  6elL l  , , r  rhe
rronraHt lct ic  t ic l i l .  

' lherc 
\ .as ( )  : r t ) t rar(nt  e,Trcr  (nr  rhc

rutJ sro\ th o i  the Colrus cutr ;  g\ .

.  w .  M i l l eE  (19?4 )  exposed  the  roo t s  o f  t he  mung  bean  p lan t
(V i c i a  f aba )  Co  e lec t r j - c  o !  magne t i c  f i e l ds  a t  75  Hz  w l cn  no
ind fEa - t i 6 i *o t  an  e f f ecC  on  e i t i e r  g l ow th  o r . i t o t i . - i . , a . * .
No  ch tomosona l  anoma l i es  we re  seen .  The  e lec t r i . c  f  i . e1d  exposu re
w a s  m a d e  i n  a  p l a s t i c  t a n k  f r l l e d  w i t h  a  p l a n t  n u t r i e n t  s o l u t i o n
in  wh i ch  t he re  was  a  cu r ren t  o f  0 . I  A /m2  and  an  e l - ec t r i c  f i e l d
^ F  1 n  l r l h  f h a  ^ ^ ^ + / ^ 1  ^ lF-an ts  we re  i n  a  s im i l a r  t ank  f o r  wh i ch
the  e lec t rodes  \ r e re  no t  ene !9 i zed .  The  magne t i c  f i e l d  expe r i -
m e n t s  w e l e  c o n d u c t e d  a t  0 . 5 ,  5 ,  a n d  L 7  G  i n  p l a s t i c  c v l i n d ; r s
con ta in i ng  t he  p lan t s  i n  a  l i qu id  nu t r i en t  mea iu rn  an i  H lapped
w i th  e l ec t r i ca t  w i re .  The  au tho rs  c i t e  o the r  "we l  l - documin  t ed .
resea rch  (Be i sche r ,  . 1955 ;  Audus  and  i { h i sh ,  l 96d r  Dun lop  and
S c h m i d C ,  1 9 6 9 ;  M e r r c l e  e t  a l . ,  L 9 6 4 )  a t  h i g h e r  f i e l . d  s r r e n g t h s
( f r on  seve ra l  hund red  t 6  sEve raL  t housand  qauss )  r , h l ch  d id  f i nd
e f f ec t s  on  p lan t  g l ow th  and  t he  m i to t i c  i ndex ,  buE  j n  v i ev  o f  t he

I t l r R F ,  I . , .  E . :  N a t r r r e _ 2 O l  ( 4 9 2 6 ) : 1 3 0 5 - 6  ( I ' f a r .  2 8 ,  I 9 6 4 )

l t e e h a n i  s r n  o f  P l a n t - C e l  l  D a m a a e  i  n  a n  E l e c t e o s t a t l c  F i e l d

D l e c t r j . c a l  s t . i n u l a t i o n  o f  p l a n t  a r o v t t h  p r o a l u c e s  l n c r e a s e d
c ^ n . e n l . r a t i o n s  o f  n ' l n o r  e l e n e n t s  ( F e ,  Z n ,  \ l  )  i n  a c t i v e
l e a f  t i p s .  C n m p a r e d  t o  c o n t r o l s ,  s u c h  i n c r e a s e s  a r e  o f
t , h e  o r d e r  o f  s e v e r a l  h u n d r e d  p e r  c e n t .  T h i s  i s  d u e  t o  a n
. l n c r e r s e  i n  m  e  t  a  b  o  1  I  c  l  e  n  z  I ' r n  e  s  i n  t h e  e t c t r i c a l l l ' - a c t i v a t e d

o l  i  go  -
' p l  

r n t s ,  w h l c h  a p p e a r  g r e e n e r  b e e a u s e  o z o n e  g e n e r a t e d  b y  e l e c t r -
I  c a l  f l e { d  n r i d i z e s  p o r p h y r  i n  s ,  r e  s u l  t  i n g  i n  d e e p -  g r e e n ,  o p e n - -
r l  n s e d  m o ' l  e c u l e s  o f  t h e  s e  o r  s i m l . l a r  m e t a l l o - e n z . t ' m e s .  U n d e r
t h o  l - n f l  u e n c e  o f  a n  e x c e s s i v e  e l e  t r i c a l  f i e l d ,  t h e  a c t l v l t y
n f  t h e s e  s u b s t a n c e s  i s  a c c e l e r a t e d  t o  s u c h  a n  e x t e n t  t h a t  -

c c l l u l a r  r e  s p i r a t i o n  l s  i r F p e d e a l ,  w l t h  r e s u l  t a q l  c e l  l  d e t e r l o r a t -
{  o n  a n d  t l s s u e  d e s t r u c t l o n
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