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ACfeSruK?
A VOICE FOR ECO-AGRICULTURE

Foliar-Fed Nutrients and Pulsed Sound qgyi:ilgd
TErtrncnt of Plslt! rnd t!td. sith

tftr Sool" gtootn Proctlt-t 
q'nolnr'

tt ;;;:iJ iutricots rnd.Pultcd
rcund-hrtc rppcrrtd il P!€Yroul !3'

icr k tttit PrP;' The PsrPo!' of inc

oJt .nicic l: to twict somc ot rnc

Xm;*:,*;t*',r.t^",ry
iio"J, noa.' Arizonr and' Pr'lr'
."i-.ir".'ii i""ttt- Nc* Merico' san

ii- ilt"uro, ln lndisn communiry'not
';:*1":*:";;ll:i;':"-':""x'J::;:
iir'i"i "i**r""t ltcld tcsts on fivc

aropt, p"ppatt, tomatoca' mclons' corn

rnd &marsnth'

AI,FAI,FA
H8lold Aungtl, s Mcveyto*n' Pcnn'

svlvenir driry frrmc!' h'd a-chsncc to

lt'"-,'rt. 
-"ii'.'*at 

contcst for alfalfa

:m::,lm'"ri'l :l'1il"'?Lt"#;
itudmisuring fiva fect tall'-- -' 

Thc ofrleirl rcport of tic 1965 rern'

rvlirnir Alfrlfr Gros€rs' frcgrrm'
:il;;J E thc natc's Gr8sslsnd
tf,'offi -o ti. sttrc UnivGtlity.rt col'

:n"'*"'*:'$tq#;'i::1i,[:i;
riT,'{#i*ffi:;""l"fi:tr
l,o.iii iia *ttt plrnts four vc*s old'
J'i"li"r,'11".. only tro ycrn of agc

f ,f'f U'li:,t g':::l;il ff ;:l:
iid'liJ" 

"r 
aactrnincd on a dry maner

brlh,'-'fr'lit. 
t.ny of Aungst's comP'titors

*r'i"'ii ii.ii vt.rot ringins frorn 6'03
to 6,ES tontz."tt oDly rhrough th' utc
.i -ii"*,-""a cxpcnlivc' amounts of

.i.mi"ir t"niri""tt' 'cungst's totrl costs

ioi-t"trton t nutrifltt w*€ s50 P€r
.ctc. *frictr allowed him !o glizc an

iFrcirttv tccoraea n 
" 

ptolit of s446'-5

oct rcc. Funh.rmote, Auars! grt-
;'rh;;iJ ". 

rnc csrltonitcd rlfrlfr'

hit c.o(t ulcd oa"'thitd l6t fecd tnrt

"-i.utf. "ftrc 
uPPing rwcgt milk

;;;;;" rton 66oo to 73oo Pou'dr
ir lunarcd -ciglt P"t ccrr'*ir"T." 

.t- nloccir tlrt hir rlfdfr
olrnts qci! flvonbly stoolltrS our' l''"

iiio.i* rt"."y btrnch growrll. on thc

ifiJ-o.-tt or tircir stcmr' ehich in hit

.t t cocur.d so wrll for thc l9tto gto?-

ii".o.iott thrt hG confidently ctpcctr

li'.iiu". " naa this Ylsr of lo to 12
tont Dc! acn!, Ot more'

,llso succcssful sith Ctrllon s m''

thod wst PcnnJYlvanir fermcr Aaron

Zimmcrman, of Morison !-covc isc€

Acrcs u,,S'A'. Jlnuary' 1966) vho pro'

duc:td bslcs of alfalfs erch wcrghlng

iiu'lt-a.. on acrcsSc 11g113d with

i;";"Ti;;' Zimmermen ntliz?d 93

i.i.i *t 
"". 

ss 88sin3t orlt 37 b'l's

oo unttcrtcd land, or 3,4E7 pourd! vct'

sur 1.3E7 poundt Pcr sc!c' No lcts tuc'

;;i; 
-*"l 

chip struckmcFt' in hot

vul.' Citv'C.fiio-i8' sho ilcrc'tcd

iit-oa"ioirt slfElfs Productio! by oect

lf,qi'i".r"itFtg thc lut thnc of sir

*::1.ffi;'ll;hH":l:,#ll:
lv onc in thc country' StruckEleF Stcr
ii"" *rrii il.ii""t ogticulturc' rnd hc

iL*tiit t"-"*; 
";d 

it! frilur6' 8nd

i;-i;;' Hb msrch to r dificrcnt

drurnircr wr: a reasoncd rclctton'

CORN
Corn rro{rrs dso havc cornc uP wllr

imorcsiic !6ult3. Afrct ttlttlng r

ii"iii naa vui?tY with Sonic Bloom
i'".ii" 

" "-*"g 
icason thrt includcd

r-J *iii*ttt.i' a droP of rrir' JIm
ili.r. 

-ii 
oot"rt"ttti' Io?r' rchisYad

from 97 to 130 bushcls pcr rctc' wncll'

e! his ncithbon fot milct 8roun6 w'rc

ii:tsi:x**:"lt fr 'J:t**

.d: "49 rctrt tctr Phatad ol MrY 7

."i S io frcrhlY Plorcd dfrlfr -!od
qlound. All rcrca tcr? $PrrYad on I'|rt

il 
"ith 

oo" 8rllon of, liquid ctlqun'

;-ft-;i ftnY ra3uvrnt. rad. t'l
H'nilot;;siiaoi se'" P"r rcrc i! 20
Iitlonr or t.t.t. TbG frrtisg r'r.puJ

in *ith e drrg. No rtrflct or 'ddco nr'

tsorco wu ulcd."
':Thc Sonic Bloom ttcrtcd Plqt. wrs

.".rJ oi v.v ZS. JurG 4 rad JulY l0

Ittt'lo ous.L'of autrisnt in 10 Srllont

ij"-;:l"Tffi ; 
"':S 

""lttiffi x.T:
JL ficer trlo ana tct !'crstures in the

5O!. Coltrol miPs wcrc splryed on

i"i. il .io liqurd fish rnd scg*eed

end 10-6-6 fertilizet st ooc quart pcr

acrc, with I little sPr8Y sdjuvsnt'
"MY harvcn drla, ttkcn dun'lS-tnc

,.*ni *""f of Xottmb€r lhowcd: q6 8

luJ.it p.t acre (bpr) oE thc,contrcl'X;i:l;t-:tlr''#:rii#;

*'?rii*,l:lt{#
ii.-"G,-rlt" ,io.t tr'icdcr bdve€! 40

to 60% doublc crrt).''
Blekc s fcllol ' lo*la' I)orlocln

Kthl of Chcrokce, glst r.xly'o'Yc'

ffi;;dd -. itfitt io tY'in"' *io
somc of hir Phnu Puttint out rt ray

- n* tat" P"t ttatt' At th! trtft nmc'

E;i G 
'ut 

d crtlson's mcthod ro

m^kc J1'000 ou r tmdl g|rdca ol caD'

ldouoc rnclolr thrt wciShcd en rvcretc

i-,i i *"i0" "t* 
codPrcd to I to 3

muldr fot ultrstrd fnritt'*il];t -c-*, 
Illtnois' H'w'

n-i.rr-"t 
"iJ 

sooic Bloorn. on Iccd
l;'. 

';-"-g 
rith normrllv lbr- yiclds

ocr err rnd rtquirilg itrtcnsiv? llDor lD'

fii. H; ;rr 
'clrtci 

*ith thc rduits

l-fti.ft'..tn.a him r oqr pro{lt of s'llc

;;;;;;;" IEcr i''snss€.(rt ssa '
;u3hcl) ov€r untErt'd controls'



lrEctfAn El
Ttrl jrortcr of trtc com rad

othcr lltltrbb rcrc .qudt plc.tcd
rtth thdr sob BloD drdFd r!ruj!'
Doa Jeaa of Fat Mrtrtt. Pl6ldt,
3r*a of "S..podc" v!S!tr!h. is-
c'?.rd hh cscuabc coqlt bt 1@i,
I! m rort 'r'h l(xl ftt lq, ll.
YbG. tutncd out l7,m po!d1 a t14
ton& of frult E .pFl|!t lx rtc.drtd
50 cot fot crch "cttc."

on thc lclt b&t ot tbr MLddPPi
Rlwr nol frs fto6 llr rcuca, ffill
Knhs, of Rlvlr Pdb. l{Lcoartn. ti-
plcd hit t'€t cor! tbld h hb tnct
Itrd.o. rfitd!8 thrc. crrr o! 65% of
htr comarltr, rad ctdtcd up |! 6d-
mrtcd 50tl plur larngo rros thc
bord ritt ruch trblo rGtgrblcr .r
oniort, tonrio€r, FPFI', brkcd
bcrar, trcct pcrt rad crcumbdr rnd
crca rccoad-Fr rrprtrgur. Sornc 225
rlilc| to ths cst, tlr! P!tq, of Sturgcon
Br , dro ttcr nuldplc-reFd trr*
corn; "Blg Boy" tocrtoc! f,ith clunctt
of 12 to 14 ftritr lDttcrd of the normd 3
to 4; rad thc "bcrt-trrdng cucunbcn I
crlr gr3r," for dl of rhlch ha r€ccivrd
prcrniun priccr rt tarvcs dlfictrrt lmdl
rtor€3 tuppltinS "or8raic" prcducr,

SOYBEAI{S
Priticulrrly imprc{ivc r,crc tcatt of

thc lound rDd nutdent method run on
soybcenr by Gctad Cathon, r btmcr
and scnior cditor of hofcuional Farn-
cts of Americo, in Ccdr Frllt, Iowr,
whose long journdiltlc crpcricnce htd
madc him hiShly skcpdcrl of Carlson's
ciaimr. In E formd rtport of his flcld
trisls, hc statcd thrt rvc[8c yicld! werr
thc foilonin8;

BPA
F o r  u n t F r t a d  c r c P r  , . . , , , . , , , , . 3 7
F o (  c r o p r  t r r r t c d  o n l y  s i t h

"Soa ic  B loon"  tound.  .  .  .  . . , , .44 .2
For cropr tslttld rith "sonic Bloom"

rcund rnd thtlr rp yinS! of "Sonic
B l o o m "  n u t r i c n t t , . . . . . . . . . . . , 5 -

For croD! trcrtcd with "Soric
Bloom".#s rcund rnd fivc rPnY'
ingr of "Sonic Bloon" lutdcnttTs'2

Genld Cerlson rddr: "Thcse trieb
vcrt dotlc in rtlps ia thrrc sdjr$nt
9lott. Plonccr 6rlt bcltr! wllc phntcd
on Mry 20. The plou tlcltcd rith
round only out.yicldcd thc tamc vuicty
on rimilrr toi.lt onc-hdf nile dtttlnt
rnd crpotcd to ttcithcr touDdl[orryql.
Additiinel lprtyt on thc flvc'rgrry
rcrcr8! wcrc rppllcd bY hud. Othc!
sprryt rctc rpPllcd bt 8mund boom
rnd tnctor' Soybcr8 wct! eitiblY
Itrrrf itr tFrted ficlds, with rn inclcrtc
ln 

-podr 
gc. Phat, Podt aurnbering

fton O to lm. Clurtrn of pod! rctr
typicr[t 5 to 7 F blrct, tonsdnc. |t
hiSh || 9 pcc brrcl Tbs unracd
b.rar bd r t odroct to bchrrt lllo
dltnblrt plut , ddts thcn|Giv!.
both rloqrd o |mtht' rld rrourd
ths buttos|ldr thrt Stcr up tbo"! thc
ca!o!t, TE tld bc.nt hrd ftr rodul6
ou thcir 'rtt |t corDparld to ualrcatld
rhhh hed rcrard aodulrdoo. Thc q.
trr rolrld 'rr plstld cotrdluoudt dur.
in8 drtlltbt houlr for tro r€Glr h
Juas."

on'/|l{GEl
At LB.lh. Florid& i! th3 hrlrt of

ono of Floridr'r lcdlog orlnF$orlng
ccEtst|, Rot Mcclurg, rho rill hrlrttt
i! lrtc Mrrch of thit y!|r, dtlmrtrr rt
lcut r a0% ilcrtrrc h orrnt! pm-
duddoa oa thc 160 rcr?t hc Ecrtrd, If
hrt )€sr'r priccr hold, thir will ncrn r
ll00 pct rctr ircrcrrc in rcltauc. Mote
ri8trificstrtt, hir trclt rftctcd, lllc
thota of roort Floridr onagcracn, dtl
"young trcc docltac (YDT)," r ro frr ia.
clrrrbh dburc ?hlch thrirclt thct root
lyJtcmr, rarc bcginalng, uadcr thc
Crrkoa.dcviscd milirtrrtloo, to rlturn
to hcdtt rt thor! by the frqt thrt thsy
wcre producing 50 to 60 onngrt in cu.
trart to urfr.tad YDT lltcr frral lacre
bcrrill only 5 to 5. Mcclun hop.r lirt
rnothff ycrr'r ttlrtncnt of thc tlcotnF
iflg tFG! mly brint thcm back to nor.
mel which mry imPly r rrvolutiooary
solutioa to s dirrrsc Problcm on which
thc strte of Florid! hrs thu3 f!. fruit.
lcssly sp?trt millions of dollsrs of rc'
lcarch moncy.

In mid.Floridr's community of Lale
wslcs, Rodncy Dcan, I nuncr]'mln,
trcatcd Birter, Hrmlin and Vrlcncir
bEby orsng€ ttr.t to find thst thst
quictly doublcd in lizc rt comPrrcd
'*ith unttrrtcd stock. Thc kcy to thc
doublhg rc.rncd to bc thc frct thrt thc
littlc trlrr rccciying tfltmcnt Put out
lcrv6 mor! thrn tTicc thc tizc of thc
hdf-dollrr iizcd lerves of thcir untrcrt-
cd ncighboit, sllori!8 thctn to rrl.h r
strgc for trusplrntirS in the ficld in
two-thirdt the tlmc rormrlly requltrd.

Mray of thc rbovc growcrr hsw irdl.
crtcd th?y lntc[d to incrru€ thc nutn.
bcr of rcEt tFrt?d in l9E6 tnd MrtYin
Kochn. a Ner Ordct Mennonitc frmet
in lroti, Kms|!, hrt siglcd up to tErt
E00 gcrcs of corn rnd sunfloqcrs-for r
totrl clrt of t50 pc! acrr-cultivrtcd by
hirnrclf 8nd hit h'o brothcn.

Cerlson also ht3 Plsnt to mlkc his
oroccsr evailsblc to the Olivc Grrvst
tcntcr for the Improvcmcnt of Humrn
Fuacioniag i! wicbitr, Keotrr, r ho'
littic mcdicll rct€$ch ilttihttion thich
pltnr to Jtrfi s Ssrden of hctbt to t€tt
thck n[tritionrl qullitlct' Thc c!nt?t't

hbontoria rul rlto do crnftrl rarly.
scr of Sonic Bl@m tr.rtad prlduca to
dctc! i!€ ln.r!|t.. ilt itr rnito rcidr
rnd othcr nuaidolrlt tnFnrlt con.
tanB.

Itt 19E5, Cdro! r! ulcd thc follor.
ing invrntory of Infonnrfon:

. solic Bloon hg aq bcan trrtrd
on ovrt I 00 tpccict of plrtrtt rith nrr!.
ed tuccrtt.

o A Putple Partion Wne t hottu
phnt rhich no?tt|dly rttlifi r lctrSth of
no mo't thrn I E inchcr, 3rer I ,300 fct
brck lld fodh oa nuroslt rpr.ld
*irct irung rdlu thc ccillng ltt r llv.
in3 rom. Thc f.rt lt rccordld h thr
Gtimut Roo* of Reotdt. Cttlrcn
told mc: "l mrdc rbout ,l0O, cunlno
fton thrt vbc rnd, rhGl I rcld them, I
ircludcd ny tclcpionc nunbe! rith
crch cutd!8, plur th? mstrg€; I/ de
plar, dlct. cell mc fot o rtplaccacnt,
Orct thr!" to four moltht, I tot mrny
cdlt , . . lot to trt thst ray of thc
plrDtr rltr dytry, but to rlpon thrt .ll
thr cuttlngr hrd gto'E fto r 75 to 100
ft3i loo8, out ofpoir oaly 4 lacher tdl."

. Crdtoni4d hu3! rtitc crcllflor*
h€rdr could bc prckcd only four to r
bot i! bora thrt normdty contdr r
dorcn hcrdr. ThG Mhncrotrr frrmer
?ho 8lc? thc outrlzsd hcrdr vhich wcre
dltc||c-rcti$r.at md of €rclpriond
tstc, ncttcd 1200,000 on 20 acrec, or
$10,000 pcr rcte, Hh corts for thc ncEt.
mcnt clmc to only S1,000.

. Soybcsn phntt producrd up to 300
podr pc! plsnt (30 to 35 podr rr
normal), eith more bcenr on cach ridc
shoot thrn on rny untlertcd planr. The
berqs, tEstcd ia Witconlill, contrincd
27% protcin rt agsinst r normcl 15%.

. Cucumbcr flncr with up ro i ir ( in.
stcrd of jutt on!) cucumbcr pcr lc8f
rcSrDcnt. "l crll thir shrlhnging thc
rcd," Carkon lid.

. Ptpryr ttlct on thc Bl8 ltl8nd of
Hrweii with l3S lrr$ prpryu (normrl
.10.35). "Scc *hcrc thcy'vc bcsn rim.
mcd rnd cut brck rt thc bottom . . , r
lot of thcn uruelly dlc tfrct thtt, but
thc rprrycd tlccs bctln to put prpsy$
out 8ll ovcr rgrin," Cerlson com.
mcnrcq.

. On root rFtcmr bctwccn tnrtcd
rnd un$crtcd wintcr whcrt lrhntr, th€
tErted onet reetr Ionger rnd lushcr.

. EiSht cnornout lcnuc hcrdr flllcd
to thc brirn r bo: thrt norrnrlly c!a.
tdlt 24 hcr&.

. An old mrcrdrmir nut trlc in
Hrmii conridcEd "p t th? rgr of pr!.
dustion'' rvr! puning out nuts in rll
$egrr of mrturity plut flor'€rt, viriu8lly
bccomiD8 !a "?va.bcriin8" tftr.

. A Srccnhourc ln Hewdl fcd ovcr
500 pcoplc ?ith vrgctrblcr o! jun hrlf
r! rclt of grodnS rsdr(t . . . 20 l|rg!



t$lt DGr drY of c|lclrf|bcr! wcie c!n'
rrrnrti harvcttrd jurt 3t dryr lncr
plsnring from rcld . . ;07t incrc$€s
'"to 

"*"al 
rec recordcd for squ$h

crorth tnd 50% for buth bcrli-- 
. An ryocrdo trtr in Hrrrii produc-

cd fruir clustcn of 16 to 20 rvocados in

olrcr of thc normrl I or 2.
r A Floridr otlnS! t!!c wrs treated

on onc sidc onlY. Thc tr€rtcd half
rcrrlcd orengc in rll ttrgd of maturi'
tt, plut coPious iloret 8m*th. maklng
o i ' i t .  t i i "  thc  rbovc-mcnt ioncd
mrcrdemir nut. ".v6'bcsrin8. 

' The
urrtrgttcd sidc r,rs pcdcstrianly nomal'

. Ditt Dhtlts ovcr four feet tdl' call8
lillica ov; 5it fcst nll, bcll pcppcr
ghntt b€ring 50 Pcppcrs .nd up, and
ifricer 

"iolcr 
with 200 to JOo blooms

(30 bl@rnt beirg normd),
PlthrDt thc mct rmrzing rsPect of

Dea Crtison's discovcrt b ttIG frcr thrt,
not donc pla.t!' but rl$ thci e?'it.

iag in ovtt 40 of thc ertth'r nrtionl.
s.rr th" C'hildFa h|t Eportcd tntt n|t
$cdr mrturcd wlll tnd producd etccl'
lgat ctoD. ia I regioa thclr dry'titnc
tcnocn-rutll rrc oftcn me$urrd rt 145
Fr Ar I finish thir acrount, rDothcr 300
pouldr of trcrtcd s€qd wct? thiPPGd to
Sudu fot plxrtinS.

An insone cloim

I).. c..b trcfl F.ord'Ftlrrl Plrlu
sr! S.aE Blo..! H! PurDl. Puttd
pbd n tt!.d b t* C&es D@t ot

nut.icnlt, rccltdint lo C!ri!oo.
Sprlrng thc Plrnl qlh rh. nulnc-nt
drrur! b !.aond. Tha b.!t rma lor
!hi! u.rh.tlt t! crriY ltromh!' bc

C.rbon b.g.! hlt rorl 01gr 20
yern sto, At an AnnY boldar gurro

in |outh Korcr. hc wrtDca$d r aor!'
rn lryrot lo till hct oen child rrtb.r
lhm !c. it n.rv.- Al llrra ofi.nl
Carlton dcdiclt.d hi, liI! !o tolvitl
rhc vorld buolrt Problcm. A!4
ehilc rotting to rchi.v. rh to.l.
hc dcv.loFd SoDrc Bhon.

Aftct toitlt coomclcirl tbat
y..n r3o. Crrlto! bc!|i r.llin: nit
D.oduct bv mii oftlcr,.ovcn'ttn3
innrnlY ln r:tlcullutd Public$
iioot tnd lhtoud eord'of-mouth'
Sor|c Blom tt Pltcntcd n &r.rrr
counan . rnd,Carltotl rr rtaltul I
o.lcnt in th. Unit.d Sttllt.' 

"w€'!t hrd ofltt to tlll oul." hc

rEatcd gltqts bcgrn bclring maturc chclrtco rdrno rqdt' and

iirt'Lir'' ri* i-r or tutv. 1T1 . t':g3i- l:'ff::;;

drt!, in Afiics, thtough thc good ofEocs tr-td crushrrt r c'rlt"l lT l-"::11
oi''d."",r'" childrci. r multi-million ff*t.1ill-T,ffi'iffi1"-'
dollu chrritrblc otSrrirrtioa oPatlt' 

-so;rc 
Bi@'n r r*o-|l.p p.occ,a

PhYrnS ih. c.taatt. to tlta Pl.nt l!
fim. Thc loutd ittd ttu!|c oFn lh.

llJ rtotn.tt Jo tllt! b.ltcr .b|or!

!|yi. 'Bul !h. hsaF to6-
l.a it rny lnut co(rcaa! atd
*cta ll|.unl to td to6a

Bill K.lhtl. |! orlrnr trr'
dlncr from RtuG' F lt, wl.
rcilt rcarubl.. rnd cul flo;'
.d and hu ut d Sonrc gl@a

''Paoplc conlantly trll
aboul th€ hish qurlitY ol oul
!.tctibl.., h€ t|)'r. 'W. 

8.
lncrctt d )icldt lno q. gc
rhcrn.rr l 'cr  !o e.8cl  lo rnrr
kd shcrd of cvcr1orc clt .
Krahn 3:y, hit cu! floa.r
ltlt lontc! rnd hc br, lolrce

'w. hrw . lot of Pirntr 8or
inro lor-liahl rr!|','' bc '|lr. 'i

find tirr if rc u t lb€E $t! s.r
Bl@E tbcy do htrcb b.rE! Er(
odlv ibc ficu tt!.a TtcY
$ippcd up froE nordr ltrd lor.
lor ;f lhar Lrvt but I! rn

lhre *i|! Sdb Blood dcY boid
duch batlcr,"

Sroo. lddod thtt hc llt.o

Dlut oo tti. in lba omaa o. bc
b.cru. thc tPtay l! too4ox,a
rlo ut a tbc Prlaaa. i! hit 8t'

Arbao trF bi! conlnunic|t
r,irh pl|!u $ orlt !b. b.lutln8
qbrr jt po..ibl€.

''Somcdry vlll b. rbk to,
ohlu.rrcrjy .|btt *c *ul ri
tbqn'bcuYr.

Anv lomtlo Pltll lirt bcat
bm.ro.a ot bot!.9lanl th|r 8rcw
l3m f .t i.r lcnnt tt I€$r ,.r
thc mc$.8c riShi a

or do plonts gtgy

rrG rffccicd bt thc si! ultrncoul tlelt- B/ fi1 M. B.trry
mrnt of hk tutricots rod sound. ln my3;€G

wubingtoD D.C. kitcheo, I 
.to.l"^l1r.d* yo{r. ordon r!

opco-poUinrtcd cora sccd ia r bowl -'I b.,nt .utc ro prqruc. At-
thc nutricnt solution shilc lcl$ng con- nc.! violcr! qth oycr 2m

trql tcrdr ttkett from thc samc corn bl@m' ot I J-{@' lort|rlo

;il, t";;-;ilttowt bcsiac trt'n otT"*1tT-'-.J?
Whilc soskirS, thc tFalcd 'c€os \r'ere br6!omr.
exDorcd for about an hour 8nd a half to such |r3rltt Inrv b' po'!t'

,#;;;;,;;;; buried. in Hindu I I :li fi ,IiT.flfffi Jill
d i rn  " rega 'mus i c  p l ayed  on  '  casscRe i r rmur r (o r  c r l l cd  son rc
t8gc. By morning, most of th. lrcal.d Blom. Dsvclop.d bv Dln

sccds hrd Serminatcd. Put into the Canron r ol'nl rcr'nult rno

g;una. ato;8 *ith thc untreated ":d' ;'i;::T'",,'# ;ilff:*i'l:
thcy sproutcd E to 9 deys carlrer Inan rhc product 15 aythblc 'or

their untrcatcd countcrpans. oFn!'ons r'n$n8 ro s'z€--i 

"r"" 
u".a thc horni kit on a doz'n flom h-rg! J'rt ro btr ror

pd;;;;;;s sE€n b.ll rpp"'n"ff.tif;#Ti ."-oo "r.
which t had bcen growtng ln gooo solt c!!!.rt€ trpc of highjrcqucn-

fot .cv"nt ,.r"ols. Wh"rc"" my pcp' cv iound imb'dd'd-in lndirt

ftt i.a n.t". gctea rytl srzc unril rr n[]tJrJH:,,"'l:

thc fit:t of sccond ?ock ot August. ttrt *or"rn,nt rrrcc rnrprrl*

"H.*iipn--r"--' oi 
- 
c..t*n, *. # il:?'"$$:"t:lH:T,T[

s€rrch rtld devcloPmcnt lre tal'ttil ftr rro{nd 530 etd cerlron l!

rerchins, opcnins r horizon that p1:; 
:fiT11#1""i:H1n]1L. 

*'"
miscs to uy pcrson with cvcn a small '':ii,;i':;;;:;Gi;;;. 

e.*-
Dlot of SrouDd thc opPortunlty to teco a3rng.- crd$r l:v|.'lft ! Problcm
irimsclf, his family and his neighbors at b"5u|. of rhc trurb In |dv'nurn8

"iilil"l'lii, 
lilptirt nutric;tt appli' ''r'5,ff1i tuii b'rd' mc unrd

cd. Thit, i! tum, harl& r! cEllcrpr' ?ridir sruurc oi tirc unr"cr-
tion of courtl6t gto?cn frot! thgrt c!' ruy of MirnJo[. adrnra hrr proccg

thrrllmclt to thc moooPolict of rgn' ;cr"e pcoprc rr-u* -. -----,-
uurii.rt "na 

chcmicrt compasica. -,- r";IiHt',1?.:llH:Tj,Fe{
As ao cltmplc of wh8t hi! mcthoos bmc vc crtr l hrvc roo mrny plrnu

cstr do for drought'oppresscd "Third 
"'ouoo 

tb' hout' Dc'!ut' ih'Y lcr

Wotld" countricl, Crtlsoo hrs recently to bi&' { Purplc Prtlron.prrnt oI

#"-.a,r'"ili,i. i"ii "r i su, so-ail 9(;"" I'h";;I 
U"',) # n ;; ;:.

Bloom F€atcd scedr rctc scDt to 5u'Prnoirhcp,.nrv.ld€tt.oy.deh.n

| 
_trtrn.ndor,r grot'th" in rt

y' iolj.t. rod bl@mml olrn
! whcrc Sonrc gloom hr! b€

' 'w.'v. notrc.d lhc Pl..
a r .  h . r l th i€ t . ' '  hc  r r !
''Th.r..r!fl t tr trl.ny rnt d

ldd rhc pl|nlt dot t 8ct t€
I thinl lhcr imtaunc lyrtcl'

H.lprrS bit 'ttrc.t d our
ptott l| tbc rcuoo Bru
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cornD.nv rLd lat.t aad lrlltlrr

ir! n phntt fot omcca' locLt 3



EFFECT OF ELECTRIC AND MAGNETIC PHENOMENA

ON THE VTTAL ACTIVTIY OF ORGANISMS

T H E  P R O B L E M  O F  L I G H T - P U L S E  P R O C E S S I N G  O F  S E E D S  A N D  P L A N T S

A .  S h a k h o v

Moscow

t,""*"*O from f lekrronnaya obrabotka Materialov' No 2

PP .61 -?4 ,  March  -A  P r i l  '  1965

s i n c e i o n g a g o ' t h e l o w v a t r r e o f t h e c o e f f i c i e n t o f s o l a r e n e r S y u l i l i z a t i o n b y p l a n t s f o r t h e s y n t h e s i s o f o ' -

ganic maiter has prompred phytopn yU"t"g"t '  lo 
"- 

p":".  tn",P:"tO:t l : l : :  of improving the eff iciency of ut i l izat ion

of rad i  ant energy by th" ptant o'g" ' i i t -  
-Ho""u"'  

'  al though the Pholosynthesi s mechanism is ralher well  understood

at the Present t ime, we are 
" i [  

* ' f  i i t 'oo in our abi l i ly 
: : ] l :1,: : ' t  

considerably the absorPtion and url irzat]on

"i 
*" *t .  energy by p' lanrs and thus improle lhe yielding caPacrly

onewayo I i nc leas ing lheProduc t i v i t yo fag r i cu l t u ra lP lan l s i s l heposs ib i l i t yo f i n tens i f y i ng thepho toene rge t r c

pfocesses iD Plalrts '  a Possibi l i !y rnLch we have bJen studying fo'  sometime lr is necessary to determine the de-

pendence of these Processes "" 
'"" ' ; ; ; ; ; ; t ;  and rhe s pectr al-coT P::t t t t"  of suni iSht in lhe range from the ultra-

vrolet (UV) to the infrared ( lR) radial ion' i ;clusive Thus' the Photoenergetics of plants includes the study of lhe

action not only of visible l jght rays ( lhe blolot jcal ly mon important "oc;ave" of the enl ire range of eleclromat-

r a v e s ) , b u t a l s o o f t h e b o r t l c r t n g u l t r a v i o l e r a n d i n f ' a ' " d l a d i a t i o n s B e s i d e s t h e p h o t o s y n t h e t j c a c t i o n o f l l g h t ' t h e

P } l o ! c ' ] l ] e r g e t L c s o f P l a n l s i s a l s o c o n c e r n e d N i t h n o n p h o t o s y n t t r e t i c l i g h t - i n d u c e d r e a c t i o n s i n s e e d s a n d p ] a n l s N o n -
pho tos !n lhe t i c  r eac t rons  a re  t " " t i ' i y ' " ' un t "  l l gh l . r ays '  ma in l y i r l he  i l l u rn i na l i on  o f  seeds  and  sp rou l - s  as  we l l  as

b y t h e U V a n d l R r a d j a r i o n i o o r o " r i . , j o , , u i r i l t " ' t r g h , ' r n " r e a c t i o n s t h a t d e v e l o P i n t h r s c a s e a r e o f r c n r e f e r r e d ! o

as  l ho rob io l og i ca l  r eac t i ons

-f lre r:ombrncd 3ct\on ol U\/ al ld l l {  ladial ions with rays of the ! isible Pofl ion of the eleclromagnellc sPec-

r r L l m l s o { l p e c i a l j n l c | . ] r t A n L m P o l t a n i s u b j e c t o I P h o t o e n e r s e l i c i r r , , e s t i g a t i o n s l s l h e a c ! i o n o f c o l i c e n t r a l e d p u l s e d

s l rn l r gh l  {C t 'SL )  on  seeds  a l l d  P ia l [ ! '

The Pl loroencl{erlc! 01 Plants as a new problem of genetal p}r)sjolog} rs clolel} connecte:\ ' i th rhe relsted

fLe ld r  ) r r  l a rucu la r ,  b l L r t o ! t ca l  , J , o " l " aaon ,a , .  \ Lh rch  a l so .o , , , t i r u , " -<  a  r i e 'w  f ue ld  t ha t  hes  deve loPed  on  t he  mee t -

;;;.l,r:i "'o'",, rli"1f ::::lli:"ru'::::*:l';:",":"IJ:'.'"1:,'*:i,:1"..o. 
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. 
ue,traln opinions expressed by the Novei prjze winners N. N. Seinterest ror the subsequent rheor",i;,;;.;; ; j- '"1'^: ' i : ' : : '  l l  

^ 
.bemenov [1.] and A. szent -cyorSyi [2, 3] are of

fl,:: 
.**o-*"."",,,y'"ii;;"rlj::i::ffij":l"iil:ri:,:J;:,*"erserics rnhisarricls,"nii,r"r.rn"r*"n,y_

::"-:: l**o.t" 
conrenrpora;y narLrrar sciencc: ro rhe first prace, rhe ,l^u,.]".^. 'Ihat 

two fundamen!ai problems are
in  o ther  kords '  lhe  prob lenr  o f  p r rmary  par r rc les  o r  mar rer ,  and,  ,n  ,n jn "o"  

o l  e lemen!ar )  Par t i c les  in  ph)s rcs  o r ,
h iSh ly  o rgan ized mar rer  in  b io losv  

" " 'u : i ; ;1 , - ; ,  

' . l " l l ' ' " ' l l l  rn  Ine  secor rd  p lace ,  the  s l fuc tu re  and behav jo f  o f

:nl;:l*l,l;['i';ff1"il:1";i:*.:"":*:tj::i::il;rIH:i]::"J;l';::Ji:L**,*;;:t*:
prob lem rn  , r r "  n " * ,  a " " "a" . - - "  

' "a r  tne  p lob lem o f  h jgh ly  o 'San ized rnar !€ r  w i l l  consr i tu te  the  ch ie f  sc ienr i i i c

a .  Szent -Gyorgy i  [2 ]  in r rodu
r rons  ln  r i ' i ng  sysrems are  r , r r ,  ru , , i lo . - tnJ  

concePt  o f rhe  encrse t ic  l i fe  cyc ie '  wh ich  consrs rs  in  lhe  facr  rha !  e lec
rever ,  e rn i r r ing  por r ions  o f  rh " i ,  

" * "0  

to  h iSher  energy  leve ls  by  phorons ,  a f rc f  rvh ich  , , l "y  a" r . " "o ' ,o  i i " , ,  g ,o r , ,u

.l'1".::.*"fir.";;";;; ;;'";.:;;:"::::,;i;:'.i:[l?,jffijJJ;::::";,1::3;;lj:;,"":;:l;:::
:Tffi::T: j::l jj:: i'il:"r":]":1 "hrch thev r'ere ;"',::"; ;';;, However, an "r".,,,on ,r,", n,Ju", ",ung "
::",.:l"l,,l* bv sunrishr ^,i 

"J'l'"i,},""i'o,,lll""iiilli";j]jl,f,,'"'u"'"0 
b)'r{eak erecr.c curre,)rs v;hich

bas i c  f ac r  The  o rhe r  p i s ru la re  
" " " , , . .  

, , i , " - ' r , l l r : c -5_u r  
x r re t rneo ra [e  rne tabo ] i sn r  a re  on l )  su le f im losed  on  rh i s

o r  1 r ' ^w -N .  *  r ' hL rs ,  r he  l a r re r  cons r ]  
i  s  i n  t he  f o t t ow inS :  E lec t ro r t !  l eave  a f t e r  l hen rsc l ! cs  on i \  A  fF  end  I ) r ,N -N

:ml::.::;l*lji,,jyjhi,:1li#:li:i:ir: ";:",;:i,,.,::,::i:,":1;,;:l;*:;:,:::,,I:i1:
rie quesrron ."".";;;;;,;;,;,;::, ' j , . : i : I , :;::: i  i , i l , , l ] [ i , i" i i  , l" j ]  

n,o,,o\aren, tran.fo:n.:,tro,:,. ,n"r", .1, ' '",
hrs  moroQfaPh i l roenerger rcs  l : r l ,  \as  reduced j ,  a  ia rc f  \o rk  , " ,n "  , , , r , , l i . t l ]  , l : l _ - l ' l l t l l  " .  

t t " ' ' ,  G)org \ r  to .cd  r '
e n t r g e t l c  b o n r i -  c a l  b c  ! r a r i . f o r n r e r l  r j r r o  e r e c t r o n  c r r e r l q r  l . . . l  

i ) l L D l  c o r c e r n l l l g  l h ( '  t r a l  r e r  r i l  \ , I i c L  . . n a c r o -
' fhe 

r i - .ovt  api t fo: lc l ,  to l f t  u l t (
t h e  t l l e o r )  o l  p u i s e r l  r  i  I  L  i  r  .  ,  r  r  r  l  r  r  ,  .  ,  ,  .  , , ' " t t t " ' ' 0 " ' t  

o l  t l l e  e r l c f L t l i c s  o i  b l  o l o ! l c  a l  f f o c e - i s e s  p r o n . l r . r r  u ! ,  j n  d e \ . e  r o p L  l g
p u l s c d  s ! n l i L h l  H o \ f a \ a i .  \ ( ,  , i r , , ,  

' ,  t " t t " t  t o  t l ) e  l l l a !  l ' r l c  f c s o n a n c c  n r c t h o d  r n  , . l I , g  , , , "  
" . , , . . , ,  " i  " " , , i " " r r " r , , ul o g t c a l  c l i e c t  

l l r : i  c \ a n l i r ) e  t l l e  n l l t l r c  o f  c o t l c r n l r l t c , . l  p r l s e d  \ L r i r l i ! h t  ( c j r s l . )  : r n d  j l s  L ) r .

Fig. 2. sunlighr 
"on""nr*rl]"iu^r^Tffi

l h t  r i r  I L r l  p  r  r .  ,
o l  I J i a .  I r o d L r a r i v i r )  o f  l ) l i i ' l i

.  ,  
C P S I  c o r ) r t l I u t e r  J : ]  r l t I ( _ | n I r I I r I I  J l L t r  o t  r : r ( l t a l ) l

u e !  l n  c o n - ) a r i ! o l )  \ \ ] t h  l t : r l i  r l ] l  : t l l t l t ! ] t t  : r t  a  c t . r t l L j n

iA= f t i l ' i ad .  
u  u , , , , ,  r i  p l ,  os  r  t .  z  r  ( ,  i  )  J , , i  -  \-  Ed  i ro r ' .  I i ) la .

c l t t r l \ .  r e l l c ( 1 c l  l r o n t  a  r e f l c c t o r  a  t C ,  c o t s e q L C n t l ) , ,  r r ) I e I r i  _
! . \ i  i r  J : , a r o r  ( , o n c e I t r a L e d  s r r I l i g h r  c : r n  l r c  i r o l u c e d  b \  u r i n g

r .  r . t ) i t ( r : i _ r  L ) i _ r \ r r i I I : L . : r i  .  r  1 , 1  l ! .  j l t { l ' \  
. .  t r  .  r .  . J . .  f \ f  d . n (  t r _ c i e o r l c e



Fit.  3. Irradial ior l  of polato tubels with coDcentrated sunl ight

r i i i t l t L , I  o l  r e e r d s  \ : l l i l e  I h e \ '

o j  r ' a ,  j .  i  : r l  r  s I a ( l  : u r l l l ! : h i

. l r c  L r r . r d l a l cd  \ . i I h  a  f l xed
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se lec t l ve  sun l  j gh l  concen ! !a !o r

va r i ous  me thods ,  i nc l ud lng  an  o rd r
r lecror consisrs oi 200-300 n' ' , .ro,, 'n- ' , , ] ' .T"^1:11 

ref lecror of the type desjtned by v. N. Bukhman (Fig 1). l .his rc -
f ocused  to  u  * . y  r , nu r i " , " " ' " ' v l r '  

wn l cn  a re  a f ransed  acco rd in f  t o  a

::.""1*1* "i" * ,**","J;;:niLu,ll;:f :1x1iji; Tjff:,;y:iiif ,:i'j;J:1:;:i:ff:,.#,i;;,
lncreases the l ighr concenuation b

::l::i::ii;;i:;";;;:;:,".;,:1,","':::::l:l,;i;*:,li:::liili1.:i:Tr".i:F:iliiiTJ::i)::f,,"
: : " : l - t , 1 l t i " :  

o f . t he  sL rn l i gh r  conce rL ra ro r  ( des igned  by r .  x r ,  N " t , r u r t i  
' 8 l l r ) - abou t  r he  ho f j zon ta l  ax i s  (F ig  1 ) .  An -

rn j , r r o r  i r r gh t )  r e f l eL ro r  (F rg  2 ) ,  \ ^h rch  ) r c r€ascs  l he  sun l i gh t . on " "n , r r n ,  
vN_ l l r )  r !  I he  sphe r i ca l  a l um jnum ( l e f r )  o rr a d i a l . o n  o f  t h e  F . . r r e n . . s c c L f e c  

"  
_ " : , . . "  I " r ( ' u / r ( ( n - r d l  

o r 1 . .  l ' ;  r , r o f  , l r o a 0  l n t e r raxis.(F)8. 3). rrur\cd irrad jarion o,.l-f,, 
n-'": 

"t ",,,"i'",'#".lii:t:::,l]::iil::"'::i,::,'"'r",1:t"r'J:::]:,,1:l
o1,  n in , , , * , ,n , " , ; ; ; ; ; ; , . ; : : ; : : : , : i : : : : | : : l " j l " i : ; l ; : .J1: : , , , , , tc r rn ,hccen, , i fu8ar , r "u , "Jo" , ,gn"c
o i  a  no tor  a I  a  lpeed o f  1 r0  1 , :0 .o , , ,  , r , "  , " , , . l .  r , ,u ; : ; ; ; . ' ; : : i l l : :  " " " I ronr  

(Fr ,q  l )  As  rhe  pan is  ro ra led  bymeans
a r e  r r r a d l a t e d  i n t e r r n i t ! e r ) t l !  

" ,  
, , , " , " t '  

t t ' "  5 t e d :  a f r a i S e  I h e r n s e l v e s  i n

,h,rd rerrecrof \arianr ujed ,,, ,n" "'. 
i:.'-lnll':rr thc f,xerr;;.:l',;.,';,:;J::l: :iTi""l,l:""t;:;ilili;'iiii" li"JF K '  Nab jLr i t in , r ; ;  ; ; . ' , , : " ; , ; , t r )c rn re  

r r :  rn  ou f  taboraror ! . , , r , *  
y ) , :  , " , " " , , *  . " " " " " , r r r " " .  u " . , , , r , , "u  o ,

I'ji.lJl:; j:*:l*::#T:l::l r:;ii:lT:1.r,":',iltil,;i" T"iH;,l..ii,itf ,,r;:l;:l ;m,,whcreb\  screcr t re. ; " ; ; ; ; , i ; ; ' : : : ; : : i l : : ' i : :  thc requrrc ' : l  ! 'avercnsrr ,s ,  r r ,e  mluor  i , , rn , "a * r i . " , ,n ,n"oro, , ,
Pu lsed  j r r ad ia t i o |  cons i s t s  i r  t he  : ho f r  - du ra l i on  ac t ron  o f  r l r c  r e fi s  r epca t . r d  a r  ce r ra i n  g i ven  r rme  ; " t e . , , " ; ,  ; ; ,  . ' ; , " : : : : : ] " : l  

t r r '  r e l l ec t cd  rad ran t  f t ux  on  seeds  o f  p ran rs ,  wh i ch

;;'i:,,,h;-1];j:::li*iili-i::,i:if i!:::IJii:'""';:i"T:;" 
,, spu.s i e ,,,,u, "n in,",.',,"n, .,,,,.

cenuar rons  (concenrn , ;on  rn , "u , r f i l l ' . ' \  
r r t r l  \ ! : r r '  s i r t ' r i '  rh t - f  i " " - "o1 l " tu " t " " t 'a to rs  

' r re  genera l l y  charac ter ized

:::i:: : ";":,;",;;;i;;;;., j;,1,1:i:i:ll.l,lJl:ll :' l ,:i:i:l;i::::l ::l "ii:ff:I"l,il']:".;h",l'i' ,ill. ;lii i "";i 
'j 
-i .oo "r \ , -'^ 'l 
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l1?""i;"illillJJjiisJiiisr.fT:TjlIffj,l,"rs,in rhe yierd of Berliesand rubers of KarasdinPota

Control

sea to

Type of experi ment Crop
1? 63

cen rne rs /ha  |%  
o f . con -

j  r r o l  da t ,
Difference

rel iabi l i ry centners/ha % of con
trol data

irradiarion)

PSL irradiat ion over
period of 30 min

Berries
Tu bers

Beuies
Tubers

2 5 . 0 1  0 . 4
2 9 1 . 0  +  2 . 1

1 0 0 . 0
1 0 0  0

3 5 3 + 1 . ?  I  t a t c
3 6 8 . 0 j 1 5 s  i  , ; ; ;

5 . 8
4 4

3 . 6 8  |  r o o  o
r 3 5  7  

/ r o o o

, , ; ;  i i : ; :

c

;: ;j;.,'.i;;",;;j:i,i:.,:"";:,llljf"i'::1"1n::'j1i:ii,;'il::::::",lil,:T;,j:i::ij::TIilij;;::,,:",",;";

Plaots. The Cornmission for concer
on  t he  coo rd ina l i on  o f sc j cn f r f i c  o , ' ' ' u t "Y  : un l i t n t  

o f  t he  s l a l e  commi

ll: lT' T"*:g.-,,,, u,,,i,u,.n ,'j1rch w.orlihas ";:";;;';"ili['Ti;ffi:'J;#::]:ji'::T:'J;ff::i
l:i::-1:":", 0,u","", ,",i ,"0."i;;:,f::::::i:",1j il::T":lji:i: ,J^1^""^q:1"1,:" ;.*;";;, *i]ii.""." *,_un ra rne ) '  t he  ex t s !ence  o f  r he  I j gh r  pu i se  e f f ec t  was  

" , ; ; ; r ; ; ; ; ' i , , ' , : ; " ^o l  

a  Pen insu la  Kazakhs ran ,  Mordav ia ,  and
As  an  ex2mn t -  . . , ^  ̂ L ^ , ,  

t n  seve ra l  ag r i cu l t u ta l  c ro l 6  [ 5 ,11 ] .
a ' . -  l : : : ^ " j : :o re ,  

!e  rha l r  Srve  ce .arn  dara  ob la ined in  rhe  expe 

! ,u ' r  Lo ' r r , .
v .  r .  r \ap t tna  and M.  Z  yusupov

rr js seen rrom rabre I rhar 
on rhe errect ",0.";,;;i;;;;;::ffi:T&f:il:,:lj:""i:""",:i::",jo"j.,ll,n

equal ro 40. 3,1, and 1fl", ,"r*"r,. l l :,1","-:::es 
in the early crop of the Bosron, Nezhin, and Nerosimyi sorLs werc

:'fi::,"i:'f ,',.'l"l;'"lil",'.'*:'.':"",,,,T::lJT":;:":iJ::lo^L:"0':':'l'';; ;;;';;; ,.,0".
yield. If one can rely on ,n" ,;", ,Y"', l i . 

t l" case of Ihe t 'ttt t"" r"."""t 
a period of45 min at 40-15'c resulled rn

cucumber seed, it is obvious ,h", r,:t '":: ' l :  
in-crease in tu" 

"*r-"ti i ," 
1"1 

an increase ol almbst 6"/o in thc over-a1l

mosr probably by rhe photophysica,t"- 
t,o': .f""t t '  

" ' ;;;t";;; o;'J. 'to 
rs oue to tire presdwing heatinq of the

the .eed ,e.eiue,r ,rr; il;;'r;:; ""ndrph-otochernicat ;;l';;";i.;'"tt:':i:;] ffil]"l;T:::::l:[t''JirJ"';"",,

;::::::"::i:,f ; '""., *"". :"'; :":'';' ':i'::'::::::1;::i:',1""" 
-" "

amouDred ro ,o ,ol, ,o, n" ,,,nii;,;:j l l:,::,",r;;":,:t"l:J,",*, 
b€carnc rarser wirh an incfease in irradiarron; il

i::",,,,j".,.:j:!:1 :::::li fi:::":x.!iilllll:,:i1fi,"?:::;:"1.,t:j,o sowins has sh.wn ,ha,,he seed or

:i:"', #r r;i,::: i;;:T*:;;::':; 11;,:1;lr["ff L* j3i ::::"""'n'r3i:*f*i:
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ra,a showi j,s rhe erre crivencss (

ilj::;h,::ri"::l"ir,i,r'":::::;'i:'iiii,*:i-iiliil",'t^i iffr,Tj"t.:.ilifi:*lt*:ir,
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F ig .  6 .  EPR s igna l s  j n  CPSL- i r r ad ia ted  cucumbe !  seed

in dependence on the number of pulses 1) 1000; 2)

1500 ;  3 )  2250 r  4 )  3000 i , 5 ) -4500 ;6 )CuC12  2HzOs landa rd .

Experiments on t le i f iadiarion of seeds, tubers,

seedlings, and whole Plants indicate tha! CPSL initiates

very int imate metabolism processes; the Physicochemi -

cal changes that afe produced lo a Sreater or smaller

extent are preserved and are reflected io ontoSenesis,

thus leading to an increase in the produclivity of plants.

Therefore, at this stage, iovestiSations of the mechan-

ism of CPSL action consti tute the main task in work

on the problem of l ight-Pulse inadiat ion of PIanls in

the sense of the light-pulse effecr.

F o r m a ! i o n  o f  P h o t o i r l d u c e d  U n p a i r e d

E l e c t r o n s

ln order to investigare rhe mechanism of CPSL

action gf seeds and leaves, i t  is f i rsl  necessary to de-

rermine ihe possibi l i iy of resonance absorPtion of elec-

uomagneuc  ene rgy  by  unPa i red  e lec l r ons  I n  a  ma8 '

netic f ield during rhe pulsed irradiat ion of seeds and

plants. l t  is known thar visible l ight quanra possess

t

suff icien! enerty for the formation of unpaired electrons in pigments and Photosynthetic systems [12) Al i  part lc]es

characterized by rhe presence of unpaired electrons (aroms or molecule fragmenrs) are considered as f lee radicals

(FR). Thus, the presence of an unpaired elecuon ar the external orbits ofrhe syslem is considered as the basic char-

acrerisr ic of FR. The presence of an unpaired electron endows the system \,{ i th tvo characterisl ic proPert ies [13]:

a verJ high rcacrion abi l i ry in chemical rransformations and the existence of the magnetic moment, which is due

to the uncompensated spiD of the unPaired electron ;

6

F l i  I  L I ) ; i : , ! r l r l ,  i r ,  C l ' S L - r r l : r C L i l t c d  t o n r a l o  - i e e d  j n  d c

p ) . ] r : c i t : r i t  c r  i h .  r l r r  l r ( I  o l  p i l l s a :  l )  l ( i r t r  2 )  L 5 ( r a ;  : l )

' - : ;  ,  l r  :  i . ,  r l )  C u C , ?  : , ' 1 1 2 1 ) : l l l r J l I ( :
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TABLE 4. Coocenrrarion of Free Radic-als in CpSL-lrradiared Seed
Number of paramagneric cenrers (x 10c)
per 1 g of air-dry seedNo. of

pulses

Kolkhoznyi
34 lomatoes

Conuol (un-
irradiared
seed)

1000
1500
2250
30 00
4500

86.2
9 9 . 5
95.4

153.4
143.3
r'11 .4

68.?
66.2
7 1 . 0

129.0
t22 .9
180.  ?

1 5 1 . 3
1.46.7

244.7
261.  s
2'7 4.0

,- -- 
tn ,n" invesrigations of pulsed inadiarion of seeds with concenrin company with N. r Bidzirya. s. A. ,;;;;"- ';; ;? ", ' : i ::::::: 'ared l iSht rhar were perrormed by rhe aurhordicars are i",."0 '" *"0, 

^ii;;tl;ijilll,iT":,fir,)i:'J::['-15] ir-was i""* 
"", oi","l"i,l'"0 ,."" ,"-

after they.have been i [adiared 
""0 "r".  

,  r ,", ' .  
' r^.".  ' j . . : : ' " : :"  m-axes rt  possible to record EPR signals in seeds soo'

derelmined by using differenr ,r,rtd1;il ;::":" 
*- days' The FR yieid in o.p"naen"e on 

""'o"ir" 
t"". .r" o"

'  
The new dara given below r

radiaring seeds by means of 
" 

r"rru"t" 
obtained by M z' Yusupov on March ?th in rhe region of Alma-Ara by ir

llt;ln:J#11:ln31*:y:::Ji',;ir'ji':T.1if,.it,:::"1Tu':;i,t:; t;'*:i* '
rermining ,i," nurl", or f r,u;;;::i:t":"HTd 

described earlie! [15] A cucl, 2H2o sia-nd:i ol"r'"*o a, o"-
The delerminaiion of FR in cucumber seed as late as one and aconcenuared righr showed *"u -a"ii" ' ...1'r"po .::"".:,:1t: 1t 

oT. tno a half months after rhey were irladiared wirh
of severar pranrs [4-15]: *,,n 

"",t l l-"^o-T* 

signals(Fi8 6) The Previously detected rrend was obselved rn seeds
sarurarion oi paramagneric 

""";;;Jl"j::::J"j" HI',::,:t:"t:j'l;:s' 
rhe FR 

"on,"n, in.,"","d u",i, 1,,"," 
",

i::T,tri!t';i'* 
amounlins !o a dose or2000-3ooo o"'*,''-^-i-,';il]lT:::3,:"":T,";t,ff."_ i;H;,"

Due  to  t r e  i i ,  r  r t r t  r he  seed  w : (  n r r r , , l r . ,

;nX",.ru;i:H*:r:j:::l=,{";:l;:":':3i:;:::lt"#i:I,*i::::":i:::j;il:,:H::j:'
ciarl.v-in rrradiation 

";;;:;;;; 
ji;Tff:, 

;:.#:|}::|f:,iJ"r"",," 
cenlers in ,i," ,""a inl,""i"a 

",p"-number of pulses was Z:SO (.I .oUi" ,) .  
:  an increase in rhe yield (45 min), wi lsn lhq

I! is obvious from Table 4 th

:Tl1l1:", '""u "i,'",, i""*;'; ::"ir:*:'ilr"liil""j,,'"1ti;1'o f:1::',ot'on""n,.ared rishr, rhe FR conrenr in
of  Paramagner ic  cenrers  in  i r rad ia red  seed ar ra ins  a lmosr  r50  .  ,o ru  ,no 'J l l  

t11 , :oove number  o f  pu lses ,  r l re  number
cLmber  a ld  romaroes .  r " "pccr .u" tu  250 10"  per  I  g  o i  a i r -d ry  seed ro r  cu_

At  t he  p fesen !  r ime ,  i nves r i ga lo r sh :
and ihev do nor have a ,,u,.,"", ujliilllj,::.:J :j::""".::.::::,,':":1In8 

0frhe narure of free,radicar proc_ijiil;iTl"il3'iJ;,i,""]:,: ':j';Hj"l":^*:":f,f ;.;''";;;;#;T:"tHil:j'"?1ll::J,l:"""J1';:l;:":i og i ca l  ma r l e r .  Neve r the less .  i t  ha  
- .  _  "  ' '  " _ ' 6 ' v r  r r r c  l aws  Sove rn rng  l he  f o r i na r i on  and  des l f uc r i on  o f  ! .R  j n  b i

act ivirv or l iv ing 1,,,r" and rhar rr :r""J.: , :" : : :" j" : : l t : : : . t-  
concenuation is conoecled *irr '  rr ;gi ;"r"ooLic

ac t i v i r y  o f  l i v i ng  1 r , r r "  and  t ha r  r r  
" " - !  c  t ' 18 "€1  rK  concen r ra t i on  i s  conoec led  w i rh  h i gh  me labo l i c

case wLerher ',; 0",;;;;"';;;,;j::11:;:*Tl::::::.ll: Ig,:: 
or !his.acrivirv 'n" 0"",,,i" .,i",", ,n ,,,i,case \ ' /herher i t  is possible ro inf luej 

wu rr l t j  uEgree ol lnls.act ivi ty The quesrjon arises i
through rree-radiclr;;;"; ";;:;:""j '.:::T-:: 

i:i:1, 
irradiarion tne metaboric acriviry or rissues in seedsrhlouSh riee-radicar processes ^,' 

",;;";,;; ';;;::::;:r|i l:"":l:he 
meraboric acriviry or rissues jn \eeds

r e l i aL i f r  d : t a  on  rhe  f e l a r i onsh jD  be r r , Je . ' n  r hp  r , . r r  ^ , , , ^ ^  - r .  
i uSSes ts  i t se l f ,  bu l  we  s t i l l  do  no !  have  d i f ec r

:,ifi:T::',il:: ::fi "il'"T:;::"?;l;;:*#::i[-Ir::iri#Tjl,? ""i :i: "-*^i:::l tiilJl ,"i
i.]:,o!'0,," 

on rhe ferarionshjp ;,;;;;; ;;:;,,, '"""?:.:"":;T"*8ests 
irserr, bur we srilr do nor have di,e

cha racLe r r ze  rhe  magn i rude  o l  r he  b ro roo , " . r  1 f r . . . t t ^ ^ -  , ,  l n t "n t i t y  
o f  r he  f i ee_ rad i ca l  p rocesses  rna r

Io rmed  toge rhe r  * i , i  r y  
"o r r "uo r " , ! v ' jw5LLd r  

d , re r c rec ! .  l l o v reve r .  on  ! he .  bas i r  o f  t he  expe r jmen ts  \ *h r ch  I  r € r_

:;l-The  spec rn rm o f  cup r i c  ch lo r rde  was  reco rded  a !  each  de te rm ina r i on  o i  FR  tn  seeds



o f r h e P r i m a r y m e c h a n i s m s o f l h e a f t e r e f f e c t o f r h e s o l a r i r r a d i a t i o n o f s e e d s T h e l e f o r e , l h e i n v e s l i g a t l o n o l P n o l o -

i n d u c e d F R i s o f s r e a t i n l e r e s t n o t o n l y f o r a n u n d e r s t a n d i o s o f t h e m e c h a n i s m o f l i S h t . p u l s e i r r a d i a t i o n o f p l a n t

r issue. but also in wotk on the Seneral Problems of l iShr and eiectromagnetic radiat ion acrion on biolosical sPeclmens

pigments may be among the basic accepro's of t iShr energy in seeds There is a large amount of I l teralure'

which we shal l  no! dwell  upon here, on the pi! ."nt 
"onrent 

in seeds and rhe role of lhe Photochrome Pigtnenl in

the sprouting of seeds. We shali  onl y menr ion- the re cent Pa Per [ ]  6 ] '  wdere i t  was shown tha! even seeds w i thout

chlorophyl l ,  which contain onty smaii  amounts of carotinoids in the Serms' sprout only when exposed to l igh! Data

on the formalion of free radicals in plant PiSmenc under the action of i iSht are of the grealest inrerest.to us [1?]

l t  was found thar rhe f inal sready-srare FR concentrarion in dry crystal l ine pigments is proPort ional to th€ l iSh! in

r e n s i l y , w h i l e t h e l i s e t i m e o f E P R s i S n a l S i s a p P r o x i m a t e l y i n v e r s e l y P r o p o r r i o n a l t o l h i s i n t e n s i t y . I f a h i S h _ P o w e r

pulse lamp is used, vi  Llal ly al l  rne;igmenr molecules are transformed inro paramagneric centers. unPairedelec-

trons are local ized in molecules of ' ," , ]ou, quioones, f lavones' and other compounds Present in leaf cei ls and ln

i n t e S u m e n t a r y a n d i n l e r D a l s e e d l r s s u e s ' l ! w o u l d b e e s p e c i a l l y i n l e r e s t i n g l o i n v e s r i S a t e t h e d e p e n d e n c e o f t h e

s l r u c l u l e a n d a m P l i l u d e o l E P R s i S n a l s a n d o f t h e n u m b e r o f P a r a m a S n e t i c c e n t e r s ( F R ) o n t h e w a v e l e n S t h o f c o n .

c e n u a t e d l i g h t ' A s w a s s h o w n i n [ 1 3 ] ' E P R s i S n a l s a r i s e i n s e e d s w h e n t h e y a r e i r r a d i a l e d w i t h b l u e o r y e l l o w . r e d

i ight. For r ie idenrif icarion of FR in seeds, ir  is necessary ro invesrigare. in the f irsl  Place, the PiSmented lntegLl-

m-entary t issues of seeds and tubers under lhe action of chromatic l iSht

A S a r e s u i t o f P u l s e d i r r a d i a t i o n w i l h c o n c e n t r a l e d l i S h t ' r h e s e e d b e c o m e s . . c h a r g e d ' , w i t h r a d i a n l e n e r g y ' a s

i ! w e r e ' a n d t h e m o ] e c u ] e s o f m a n y s u b s t a n c e s i n t h e s e e d P a s s i n t o t h e f r e e - r a d i c a l s l a t e , w h i c h i s o r d i n a r i l v n o t
pecui iar ro unirradiared se.d. uue'to rheir high reacrion capacity. free radicals produce changes in rhe metabolism

processes in the sProutlng ano tne subsequent growrh of plants'  Due to the Sradual recombi natio!.  of 
.param 

agnetic

cenrers in seeds, rhe I ighr-putse effecr, as a r ianifestarion of the biolot ical aftereffect produced by hiSh-energ!

pulses of concentrated l iSht mus! dimiDish wilh the onsel of saturation of paramagnetic centers and' especial ly '

N i rh  rhe i r  r ecomb ina t i on  du r l ng  t he  s to raSe  ( " i ay i ng -uP" )  o f  t he  seed  t he  reco rnb ina tLon  ene rgy  mu( l  l n f l uence  t he

P r o c e s s e s i n s e e d s a n d s P l o u t s H o w e v e l ' w e d o n o t h a v e a n y S e n e r a l k n o w l e d S e o [ t h e m a S n i t u d e o f t h j s e n e r S ) '
a n d o f t h e i m P o r t a n c e o l i t s r o ] e i n b i o ] o g i c a l P r o c e s s e s T h e S o l u t i o n o f t h i s p r o b l e m d e P e n d s o n s t u d j e s o l t h e
processes occurrinB durrng lne Pulse and $e Period between Pulses Duringrhe'"11""-()-: :T-- l :^t:" |- . f1::" 0"t""""

I ) u l s e s i s m u c h ] o D ' l e | ! n a n t n e P u l s e d u r a l i o n D o t h e p r o c e s s e s i n s e e d s o r ] e a v e s t h a t a r e c a u s e d b y l h e P l e c e o l n g
p u } s e e n d b e f o r e t } r e a r r i v a l o f t h e n e x t p u l s e ? w h a t i s t h e n a l u r e a n d d u r a t r o n o f t h e t l a n s i e n t s l a l e b e l w e e n P u l s e s ,

l  e ,  the PhysicocrremlcaL plocesses. irrcluding free-radical processes? ln vhat way do these processes depend on
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makes i t  Possible to.eveal the changes that arise io rhe biological material,  in panicular, seeds and planrs, as a
result of their i rradiat ion with intermirteo! concentrared l ight.- Atrhough investigators encounter grea; dif f iculr ies
in identi fyinS or local izing unPaired electrons in the l iving t issue, rhere is a pressing need for furiher investigations
of photoinduced processes in plants by means of rhe EpR. and NMR(nuclear magnetic resonance) methods.

Niels Bohr has writ ten that 'The recognit ion of the grear importance of atomicity features in the mechanism
ofl ivinS organisms is not suff icient in irself  for a comprehensive explanation of biological phendmena.,,  According
to BohI "The ini l ial  Problem is lhat of determining whether ir  wi l l  be necessary ro add certain sri l l  missing funda
mental ideas to oul analysis of natural Phenomena trfore we reach rhe abi l i ly ro undersrand l i fe on the basis of
Physical exPeriments" [19, Page 22]. Furthelmore, ". . .  The pecul iar properries of l iv ing organisms thar have de-
veIoPd thloughout rhe entire history of orSanic evolut ion indicare concealed possibi l i r ies of extremely complex
material sysrems that do not have their counterparts in ihe relat ively simple problems which we encounter in or-
dinary physics and chemistry l t  is against this background rhar conceprs perraining to rhe behavior of an organrsm
as a whole. which are oPposite, as i t  wete. to the methods of describing the propert ies of inanimate matrer, found
fr lr i t ful  appl icat ion in biology." [19 page 150],

considering what has been said above, the problem of l ighr-pulse processing of seeds and planrs should be ap-
proached not only fronr the poin! of view of bioloSical electronics, which is useful in jnves!igatiug the mechanrsm
o f  Pu l sed - l i 8h t  ac t i on ,  bu t  a l so  f r om l he  po in r  o f  v i ew  o f  gene ra l  b i o l ogy .  Fo r  t h i s ,  i r  i s  Decessa ry  ! o  a0a l ) zc  com-
Prehens i ve l y  f r o rn  a  b i o l oS i ca l  Po in t  o f  ! i ew  the  ac t i on  o f  pu l sed  concen r ra red  l i gh r  on  rhe  v i r a l  ac r i v i ! y  p rocesses
In  ac t i ng  on  an  o rgan i sm,  oue  can  pe rhaps  f i nd  a  f undamen ta l l y  new  app roach  wh i ch  wou ld  bc  connec ted  w t th  rhe
cha rac [e r i s l i c  o f  t he  Pu l se  p rocess  -  i t s  j n te r rn i t r en l  na tu re  -  whe re  sho r t - dL ] ra t t on  h igh -eneagy  pu i ses  a re  sepa ra ted
by Ionger pauses. Is i t  no! Possible that the action of concenrrared pulsed sunl ighr is of such ipecif ic imponance fof
t he  o rgan i sm tha t  i t  can  cause  f undan tenaa l  o rgan i c  changes  t ha t  may  i nvo l ve  he red i t y  and  p roduce  s tab le ,  mod j l i ed ,
ano  pe rhapB  more  p roduc t i ve  f o rms?  An  ana l ys i s  o f  t he  eco log i ca i  a rd  phys io l og i ca l  r eo rgan i za t i on  o f  p l a r r r son  a
pho toe0e fge t i c  bas l s ,  pe r fo r rned  i n  [ 20 ] ,  subs tan t i a tes  t he  hope  fo r  an  a f f i rma r i ve  answer  t o  t h i s  ques t ron  l { ep€a tcd
cPSL  ac t i on ,  i  e .  t he  i r r ad ia t i o r r  o f  cucumber  seed  f r o rn  p l an ! s  g rown  f r om secd  t ha r  has  bccn  F r rd la ted  bc l c re  sow-
ing  resu l r i ng  i r r  a  h i ghe r  y i e l d  The  y i e l d  cha rac te r i s l i c  and  rhe  chemica l  compos i r ron  o f  d€ugh re r  po ra lo  rube r !
g rown  f r om tube l s  t ha r  have  been  i r r ad la red  by  wh i t e  and  rnonoch roma t i c  csL  l nd i ca te  t he  poss lb i r i t y  o f  f unda
m e n r a l  t  \ a  i B e  l 5 J

The  recen t  da ta  o r l l hee f f ec t  o i  add i l i o0aL  i L l L rmrne r ron  bv  l r gh r  f l ashes  on  rhe  y i e l d  and  rhe  pho rope r rod i c  f e
ac t i on  o f  sp inach  [ 2 ] l  a r c  o l  i r r t e fes t  Thc  J r l an rs  we r r  l f r ad ia !ed  i n  a  ho thouse  w i t h  e l ec t r i c  I i gh t  f l ashes  (L20 f l ashe !
Pe r  m inu !e ) ,  wh rch  P roduced  i n  j l l umrna t i on  o l  10 ,00 !  l u r  Con i i { l e rab le  changes  \ de re  obse r , "ed  i n  l he  p la , i r s  as  a
resu l t  o f  t h i s  i l l un l l 0 r t r on ,  a l l hoL r !h  r t s  l r gh t  ene rgy  was  cons lde rab l y  l owe r  ! han  rhe  ene rg ) .o f  CpsL .  The  con t ro l
( un i r r ad ia ted )  P l s t l l ;  \ ^ . I e  l n  a ' e {e ia l l ' e  s ta te  l n  l l t e  case  o f  t he  p lan rs  add i r i ona l t y  i l l um i ' a ted  ove f  a  pe r i od  o f
8  h  s ra l ks  be l l an  t c ,  S ro t  a l r ead l  a i t e r  25  da )5 ,  wh i l e  f l o r "e r s  appea red  a f re r  40  da l s  Two  monrhs  a f re r  t hc  expc r r -
men t  was  s l a r t ed  t ne  add i i i ona l l )  i l l um lna ted  p lan t s  had  rh i nne r  s ta l ks ,  l onge r  and  na r rower  l eaves ,  and  sho r r c ,
P r i nc iPa l  and  l onge r  l a l e ra l  r oo l s  f he f  con ta ined  n lo re  n i t f ogen  and  ch lo rophy l l  and  we re  cha rac te f i zed  by  g rea rc r
mors t  and  d r !  Ne rgh t  A l i hou8h  thcsc  exP€ r i n ten l s  cou ld  no r  be  co r tpa red  w i rh  C15L  ac t i on ,  r hey  s t i l l  i nd i ca ted
lhe  e f f cc i i veness  o f  add i t i ona l  t l l r . T l n i t t en t  j l l um ina t i on  I nsomeo l i t e f  expe r jmen rs  [ 22 ] ,  i n t e rm iuen r  l i gh t  d l d  no r
n la te r i a l l ) ' e f f cc t  t hc  ra r c  o f  duch \ l . eed  g rowrh  l n  rnves l rga t i  g  t he  e f f ec t  o f  i n l e rm i t l en t  l i gh t  w j rh  pc r r , : ds  f r om
l2  ! o  0  001  sec  t he  max in lun r  add i r i one r  g row th  o f  duckweed  was  obse rved  f o r  a  0  004  sec  pe r i od

cPSL  i r l ad ia r i o l l  o f  D lan ! :  causcs  l n l ens rve  f o rma l i on  o f  FR  j n  l eaves  and  bas rc  changes  i n  rhc  merabo l r sm.
Acco rd ing  l o  t hc  c l . t t l r  o l ) l a i nad  b \  ou r  co l l abo ra lo r  S  A .  S ranko  rn  N lo ld3 ! i a ,  i r r ad ia r i on  o f  soybean  w j rh  wh i l e  and ,
esPec ia l l ) "  r ed  P r rLsed  l l 8h i  l o r  l l l r  m in  each  da f  o \ ' e r  a  pc r l od  o f  one  wee l i  r esu l t i ng  i 0  a  cons rde rab le  i nc rease  (b )
t i  8%)  i n  t he  p ro re tn  con ru l l  oJ  t i r c  seeL l \

' f hcse  
a rc l  o l i l t r  l r c i r ) I :  co r r r r . c l t d  w i t h  l he  l c t i oN  o l  c -PS l .  on  seed !  and  p lan t s  i nd i ca te  ! ha t  r hc  CpS l .  r I eU too

o i l e r s  ; , t l  t l o t : I l , r r t r l  l l a r t a  o1  3c l t \ i l \  l { r a  ! c l r c l i o i : t s l i  a I r l  gc l e t r c r t r  C , l t a  gcs  wh l ch  cou ld  be  used  as  a  usc lu l  ba : i s
l o r  sc l ec t l L - ' r l  r r aL r  l r t  c r J r cc i t l  . i t  l  I c \ | ] l l  o f  L r red ia r i on  o f  p l r I i ,  i t  \ n I l ou i  s t ages  o i  t he r r  deve lopmcnr ,  i r r ad ja t ron
d u r t n !  l l i r  i n  i  , . i , i t r l

. . t

' ' t
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The method of preso\r in8 CPSL-irradiat ion of Srain is also prornising for the conrrol of bl ights and diseases of

agricultural crops. Thus, curcul ionidae are destroyed when rhe grain is i l luminared over a period of 15-20 sec. ln

seed growing, concentrated l iShr can also be found useful for the drying of grain. inrensifying the germinarion, prepa-

ra(ion for storage, etc.

ln summarizing the work on test ing and developing the described method at the meetings of the State Com-
mittee of the Counci l  of Ministers of the RSFSR on the Coordinarion of Scienti f ic Reseafch Work. resolut ions con-
cerning the subsequent development of the CPSL method in planr growing urere adopred. In connecrion wirh this,
i t  is necessary to inves[i8ate more rhoroughly the theoretical basis of rhe acrion of CPSL on seeds and planrs, to de
sign and tesr l ighter ref lectors and devices for grain mixinS during irradiat ion, and to rest the method in production

a teas  on  f a rms .

C O N C L U S I O N S

The irradiat ion of seeds and planrs wirh concentrated pulsed sunl ight (CFSL) consti tutes one of the methods for
increasinS rhe yield of many agriculrural and, especial ly, vegerable crops Mulr iple pulsed acrion of concenuared
l ight on seeds, tubers, seedlings, and plants over periods of 20-45 min (depending on the number of pulses and the

l ight concentrat ion) results in rhe i iSht-pulse elfect, which, from the biclogical point of view, is manifested in more
in tens i ve  g fow th ,  espec ta l l y  du r i ng  t he  ea r l y  s rages ,  and  an  i nc tease  i n  rhe  Foduc r i v i r y  o f  p l an t s .

High-energy pulses of concen[a!ed sunl ight cause in seeds and leaves an inrensive formation of photoinduced

unpa i red  e lec l r ons ,  wh i ch  can  be  e f f i c i endy  reco rded  by  us ing  rhe  me lhod  o f  e l ec l r on  pa ramagne l i c  r esonance (EPR)
The number of paramagneric centers in seeds and Ieaves jncreases with aD increase in the number of pulses unti l
saluralron sets in, after which the conlen! of free radicals ceases to increase or even droF,s somewhat as a result of
lhe recombioation processes.

. Free-radical processes in seeds and sprouts result int frorn l i8ht-pulse irradiarion consti tute one of rhe pnmary'

ph l s i cochemica l  r eac t rons  o f  t he  b io l og i ca l  spec imen  1o  i n te r rn i r i en t  h i gh ,dens i t y  sun l i gh r  f l uxes ,  The l i gh r -pu l \ e

ac l ron ,  r a the r  t han  t he  t empera tu re  ac t t on  o f  so la r  ene rgy ,  i n i t i a res  t he  f r ee - rad l ca ]  p rocesse .  
_  

;

L i gh t -pu l se  r r r ad ia ! i on  o f  b ro log i ca l  spec imens  co  s t i t u tes  a  new  t rend  i n  b i o l og ) ,and  p lan t - t r ow ing  r {h i ch  i s
l r om i \Lng  i r r  i l s  l heo f€uca l  and  p rac t i ca l  aspec t s  Th l s  t r end  i s  expec ted  t o  a t l r ac t  l he  i n te res t  o f  phys i c i s l s ,  chem-
: l t i  he lLo lechn rc rans .  e l c  CPSL  cou ld fo r rn rhc  bas i s  f o r  an  e l f i c i en r  me thod  t o  be  used  i n  t he  se lec ! ron  and  gene t l cs
o :  f l an l \ .  con t ro l  o f  pLan t  d l sease r ,  i r np rove rnen t  o i  r he  so \ ^ i ng  qua l r r i es  o f  seeds ,  p repa ra ! i on  f o r  l he j r  s l o rage ,  e r c
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P R E S  O W I N G  E L E C T R l C A L  T R E A T M E N T  O F  S E E D S

P .  l v a n o v

Len ing rad

Transiared from Elekrronnaya Obrabotka Materialov, No_ 2,
pp .  ?5 -?8 ,  March -Ap r j i .  1965

Arnong the measures directed towalds the obtainingof high and stable crop yields methods of presowrng rreal-
ment of seeds and plants occupy an imponant place.

It  js known that the measures directed towards lhe developrnenl of advanced agricuhural practice, includlng
the  use  o f  f e r t i l i ze r s .  i r r iSa t i on ,  and  so i l  imp rovemen t .  Do t  t o  men t i on  co r rec t  so i l  cu l t i va r i on  and  c rop  managemenr ,
a re  i nadequa te  o r  no t  vc r )  e f f ec t i ve  i f  I ow-qua l i t y  seeds  a fe  used .  l l ence ,  sc i ence  and  Fac t i ce  have  a lways  asc r i bed
p r r rna ry  s i gn i f i cance  ! o  p resow ing  t r ea tmen t  o f  seeds  and  p lan t j ng  mare r i a l .

such widely practiced melhods of PresowinS lreatnren! of seeds as gradjng and dressing have been !upplemenled
bv  many  od l c r  me thods  i n  l he  i as t  l en  yea fs  Ve rna l i za r ron .  wa rm-a i r  hea r i ng ,  ha rden ing ,  sca r i f i ca l i on ,  t r ea tmenro f
see  ! l s  s  i t h  va r i ous  S row th  s t i r nu la to r s ,  i nc l L ]d i ng  rn i c ro fen i l  j ze r s ,  e t c  ,  have  been  emp loyed  i n  l he  ag r i cu l t u ra l  i ndus t r y

Howeve r .  many  o f  I he  me lhods  o f  P resow ing  t r ea tmenr  wh i ch  have  been  recommended  a t  va r i ous  ! imes  f o r
u ie ' 10  ag f j cu l t u l e  h3 !e  P roved  t o  be  f a i r l y  comp lex  and  l abo r rous ,  wh i l e  son te  a re  no r  e f f ec t i ve  enough  and  have
no i  bec rn  w ide l v  adop red  i n  p rac t i ce

l l  i s  qu i l €  unde rs tandab le  rh : r t  a t t emPts  shou ld  now  be  made  ro  use  e lec ! r i c i r )  f o r  p reso r , , i r l g  t r ea tn ren t  o f seeds
\ i l t h  r h { r  a jm  o l  rmprov in !  l he r r  t c rmrnaL i j t !  qua l i r i es

As  f a r  back  a5  t hc  l L i r 1 re i  wo r l  on  t he  p resoh ing  r rea tmenr  o f  seec l s  w i t h  h i gh - f r equency  cu r ren t s  r i as  beg r )n
: : r  ( l o rn rede  c : rn ran  L r r t , l e r  t hc  l eade rsh ip  o [  Acaden ] i c i an  ̂w .  L  Vav i l ov  i I  t he  A l l -Un ion  Resea rch  l n ( r i t u te  o l  P lan t
( , i oh ' j i r !  f h i s  r esea rch ,  ho r , , c r . c , r ,  wa j  no l  de !e loped  j n  duc  mea lu re  f o r  a  number  o f  r easons .  Jus l  a f t e r  t he  end  o i
l l l . '  C I c i l t  P . t t f t o l l c  \ \ ' l i  l h i !  r i o r k  \ ! as  r . l l i en  u l  r g r i n  undc f  r hc  l eade rsh j i . r  o fCo r respond ing  h iem l r c r  o f  L l t e  , \ caden r \
o l  s ' i f r l c ( r5 .  L  SS l t  \ J  l )  l i o l ogd r r l  l n  t hc  l ns l r l L r l e  o1  I I l g l )  ' r r equenc \ 'Cu r ren t s  i n  Len in t rad .  Th i i  me !hod .  no \ , , e re r ,
$  r i  : l o i  r ccon t f r e l t de l  l o f  adop t l o I  j i l  ! g r t c I l t u r c .

Sc ia i l l l l l c  r c i ea f c l l  l n  t hc  i : e l d  o l  a i r p l i ca t l o r r  o i  ! a i j ou :  r ou rces  o f  e l ec r r i ca l  en r fgy  f o r  p resowrn t  r r ea tmeDt
o :  . i - a , l s  l t a :  con t r i u l r i

s c \ r r a l  r r r ( l t l r o ! j !  o f  p r csou i r rg  l r ea tn renL  o f  sccds  h , i i h  \ , a r i ous  I o r rns  o f  e l ec t r i ca l  e0e rg ) .  and  o lhc r  l j \ s r ca l
i r : ! t i : l !  i l l t r s \ j o l c i  a l l d  r n l r a t rL l  r a \ s ,  l l l l r asound ,  eLc .  _  J re  r ) ow  used .  l nves t i ga l i o  s  i n  t h i s  d i r ec t i on  a re  be in r J
!L ' :  L l  r ' L t l  l l o i  L ) i l \  r  r  t l l c  l JSS l i ,  bu t  a l so  i r r  n rany  f o r c i gn  coun loes  - t he  UsA .  Eng laDd ,  I as t  ce rn ]a r ) ) . ,  \ { c r l ce fn ranv ,
I i  .1 .  i , . i r  .  I  I  r  I  \  ,  JJ irr n. ctc

I t l  o l l l  co lL l l t r !  a  l a fgc  amoun t  o f  f ac tua l  da ta  has  b { : en  co l l ec l ed  by  ! a r i ous  resea rch  i ns t i r u tes ,  \ , h t ch  heve
a l : o  ca r l l r d  o t r r  f r c l d  f \ pc r ime r r l s  o0  co l l ec t j ve  and  sLa te  f a rn rs .  l hese  da ta  j nd i ca le  rha t  r he  use  o f  va r i ous  phvs rc i l
Je r t o r s  c rn  l n r l r f ( r \ f  1 l t .  gc r l . l i na t i ng  qL ra l l r i . r s  o f  aeeds  and  t hus  have  a  s i gn j f j ca r ) r  e f f ec t  on  r l t e  subsequen t  q row th
3ir i i  (1 a \ a I  o i t  J I  I  ( '  I  I  I  o1 t l ic i t l  a ntq

I : o f  r r l ' I e r l ,  r ' .  l ha  i n \ . i L i ge l i o r s  o l  ! hc  Che l \ ab r r r s l i  l l c j ea rch  I n ! ! i t u l c  f o r  l l ec t r j f i c ra r i on  and  ] \ l echan tza r ro r r
. ' 1  r \ f i l c l l l t u l .  r i l  Co l r i l bo la t i on  r ^ i t h  Che l r , ab i r r sk  I ' ad rgog i ca l  l ns t i t u re ,  and  r I e  U ra i  and  S ibe r i an  Ag f l cu l t u ra l  Re
!c i i i c l l  l l l 5 l l t l r l r t  s l r c r r . cd  t ha r  r xposu re  t o  a  power f i r l  c l ec rnc  f i c l d  has  r  bene l i c l a l  e f i ec t  on  see r l s  T fea lmen !  o l  t he
s r ' dsno t  oL l l \  r n rP ro \e l l e fn r i na t i o r r  anJ  c rop  ) i e1d ,  bu ra l so  i n rp ro \ed ih r  b3k in r  qua l i t l e !  o f l he  rna r l c ta t l e  E ra rn

Thc  A l l _L r I l i o l  I i esca rch  I ns t i l u t ! .  l o r  r l ) e  I l l ecL r j f i ca t i r r !  o I  Ae r i cu l r L i r a  \ L i t h  t ha  i t s ! l s l a r ca  o f  l l l .  i t l  l , n j c r l
l i f . t  i L r c l l  I r r s l r l l l l c  o I  | , a r l  G ro \ \ ' l j  !  t i l a  A ! f i coL lu r r l  Rcsca fch  l r r r i i u r c  0 I  l t , r  ( j r . i t i : i l  i i a ! r o ,  1 r i  t l t !  \ . j | ( l t a l o : : aJ l t
l . i l r  l l l c  \ '  l i  I r l  \ i i l r t i  r ' r l . - i r l r o r ,  I i o d L r c r  l l c r c : r r r ' i i  l n r r l r u l r  t h (  X  r i  l I - i r \ i r ( \  i F  c i r l i r t : r l  . \ r  r , l . r t \ .  : l | l
( - . ' . ] ! i ] j ] ( ] j l ! l ] o ] ] s c o n c t ! c t c ( ] ( ' I P c I : m . ' i ] ] : o \ e I i i l ) L l I ] l | ) t : . i \ : t : j i r a l l . 1
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alternating culrent was promisit
and cropping qualit ies. Io o"r,, lt '  

t"tt"tn seed-teatment ot*"ol::: had a beneficial effec! on the germinaring
init iar germinaring power. rr ,]"^"i i1^tl-"l 

viSo!.and Sefminaiins Power were increased, .rp""iri i f in1""o, 
",r,t 

ro,u
seeds. This indicares rhar ,n ,"1 

ot ,nr"r",, rhar rhe maximal effect was found some ,rrn"li_' i i"r""",meDr of rhe
After some ,lr" ,r," 

"rr"., 'r"."""ds 

treated by this method biochemical changes proceed t- -."-,tr" and build up.ot.even l2monrhs, dependins 
"11il's,J;j1,i,:li "fiijij:jl: 

jeeds foia rerariveryr""g',i'",'',-, ,-, ," u,
of see<i by rhis methoican bi condrcted welr in advance, , 

" , ,rr;il"iltTl1:ant, 
since rhe prgsowinS rrearment

I n  l h e  A z e r b a i j a n  p o w e r  E n s i n e e r r n o  a . . - ^ , ^ L  , - - -

::::'jj".."* ,."0, -i,n il;i,tffillH,TT,'Jlijli'j'Jl""j;,i;3-l':^,:l:r, a merhod or presowins rrealmenr
Sermination rare and srimulated o."""in.ir* ", *,"*';;,^ :-"::-t 

seeos rn particular conditions increased rheir fretd

iil'-".11','T",:'v," ';;;;:',j;";,:1,"'*Ti":i:;'i:''J::::li,ll:,T;f,il,J:I:t1iiilii""" *" o'"",,
ot seeds in the obtained harvest was lmproved. 

Pri lr t ts r lp€ntn8 was accelerated and the quali ty

The Zapatozhe Branch of I

lryltrJ:"'jil*-."*'d:,;;j*',:*l";{*;;iTffi i:ft *,'"',:tr[#'+i::TI#rH",.j n  y .e ld  and dn  t rn l rovemenl  ln  rnc  qua l : t )  o f  Ihe  g fa in .
The invesrigations of rhe \seeds \,r'irh in,,u,ei ,"y, ;;;,:li::f::i jil:"j:1li::"::T 

J|JIi.lT-:'i::,1:"":ss 
or presowins ,rea,men, or

c reased  A  reduc t i on  o r  cessa r i on  o f  r he  , " , t " t r y  o t , u "  n " r " i i , r r " i , " .  "  
t t " t " t  t he  seed  v iSo r  and  v i ab i l i t )  \ nas  i n -

we re  no red .  
-  " ' -  ' " " ' r L ]  e r  r r r e  na tm lu l  m j c fo f l o ra  and  s t img la r i on  o fenzym ic  ac r r ' r r t ,

h  ) e \ c ra l  r c ( c  a r ( -h  i  ) t l r L l (
i , t  some  fo re ign  coun r r i es  resea rc l  . r n  

ou r  co i l n t l y '  i nc l ud ing  t he  A l l _ { Jn ro r  Resea rcJ r  l ns r r t u te  o f  l l an t  c ro \ t , l ng ,  and

;i:;**:i*;*:i;?Ifi il* fi:";:#r#ilTil::::::'rr:;i::H;;r *:i: ri:::':: ;;:1,,
- - ,  1 l *  

t he re  i s  now  a  f a i r l y  i a rge  amoun t  o l  expe r imen ra l  da ra ,and exlErimentat inst i tures and'some of whjch has been tested 
"",  

. , '  : ,1:"^n ̂: ' , t  ̂ o-", :  
n obrained by many reseafch

our coul l t ly uuL {r l l  slate and col lect lve farms in several zones of

l l  . .  e \ r r cm(  l ) .  . r nponan l  i o
rh i s  r espec t  o t * i " - t .  

" i ' , " 1 " r , !  

t v  r nves t rga !e  t he  mechan i sn l  o f  ac t i on  o f  va r i ous  phys i ca r  s r imu ran rs  on  seeds  rn
i n !  o f  t he  seed !  

_ -_ - "  - " 'So t i ons  a re  o fS rea ts i ! l n j f i cance ,  espec ia l l !  au r rng  g " r . n1u r , , n , , ,  g r " * r , a " -o . r * "_

,,," ...:l:,i ',"1]fi:, 'JJ;::*:::::;""t"t:d in this directron indrcare !her nrerr,ocrs or erecr.car rlearrnenr srrnL,rare
tenr  o i  , .hc i r  qra j rs  peas.  

" " ,  " " r i : ; : ] t :^" : : "  

and other  enzymcs Da. .a ind ic-arrn!  , , r  , ' , . r " " , " 'ur , i , "  o ' .o , " ,n  .on

:H:: iij :',,',ffi:,T;il if:iT,ili:*,:::{:*;::::' ::li;ffi"::n::,:i;i:::::"it #*,:
:jr:ili:i:HT:?il:j:J,l:ilTj:iJ";Tl:lj ;;:j:;'::1"":l-1"a,e 

,ha, e,ec,,ica, ,,ea,men, can Lrc uscd
hence,  a  no fe  complc re  p rore in  fo r  h rman nut r i r jon  and unr .u ,  , " "o ,n t l f  

con ten t  o fesser ) t ia l  amino ac ids  and,

)  c t  6  , . , r '  o  , L  r . o l r .  \ l t  I  I e m a  r  o b . .  , r p  1 n . t  . , ,  ̂ ^  . _  .

ffi:":*,;:".;,li:ilnTji::,:fi,1;:Ii::i,1,:ii:i:Hi:::i,;::"i,il:l,li,r,i",:::,i;:i,L:i:';J:",
,-'.,,nr,r "rr""r or;;;; ;#:1i,"[Jij,,"j"'J:l:l'"",:";f,'"",t,Ii].","'u,".,*"'"." "i,"-,,'"i".", ""0 """"ac lua l l v  l eads  t o  adve rse  res i l r s  an , r  i J  i r  does  so  l n  a l l  cases  

asce r ta i n  j f  a  second  e lecu i ca l  t r €a tmenr

.  
A r  r ega rds  t i e  L r se  o f  u l t r asoD

r, 'ponance of rhe posirron 
"t 

rn" 
", l l " . l ] i t i l ' ins 

rt  wi l l  be rmponart ro delermrne the rore of rhe seed coars, Lbe
e tc . )  r o  rh i s  t " r " ,  . ' r , r " - " , " , " r , " ' , , , "  l l l t l " 1 ,  ] l l  

sens t t r v i l l  o f  d i f f e reo r  t ypes  o f  seeds  (p ro re ina .eous ,  , , n r . n ,  u , , ,  .se-eds ,o ur*aso,ri,r, ;;J;;,,:l;,;; j,";::i:ll':,i:::: 
ffTi:';::: 

va,ieLa, d,ffcr.,ce: ,,, ,1," ,",,.,,,..1,,,1 n,,
z ) rmrc  ac r r \ , l \ .  t r r t  c r t a r i i , c  , , ,  t i , _a  , n . , , , , r r .  r : ; r i ) . 1 (  i r \  o i  t i l r  co ro ia i s  o ,  , , " *oo r "o  

r c  , r l i ; , ao r ra  r l b ; ; 1 , . r 1 , .  1 . ,  -  ,
i a  c o a l  a i t !  t : l r l O : r r r r -  c t l i .  : r r r :  , r ,  r ,
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I The quesrion of the Possibi l i ty of producing hereditary cbanges is a very imporranr one. This is important be-
cause in lhis case i t  mighr be possible to use various methods of electr ical treatment to obtain plant forms wirh high
Protein content and of hiSh quali ty, which are transmiled [o the progeny. Plant breeders would f ind such forms very
valuable init ial  marerial for the prodlct ion of new high-quali ty planr variet ies

It is Part icularly imponant in al l  research on presowing rrearmeDr of seeds by physical methods to determine
the role of energy processes. special anention wil lhavetobe paidto an elucidarion of the roleof the moisture con-
tent of the seeds and the activi ty of reducing enzymes io relat ion to lemperature ( in seeds, seedlings, and planrs)

The exist ing sparse data on changes in lhe biochemical composil ion of seeds which have been subjecred ro
Presowif iS lreatment by the above methods and on the changes in the technological qual i t ies of rhe reated marker -
able Srain indicate that far-reaching changes are produced in seeds by physical facrors. There are gtounds for postu
lat ing lhat the val ious sources of electr ical energy which have been used fo! presowing trearmen! of seeds lead to
changes in the electr ic f ields exisring in (he seeds themselves, including various cel l  srrucrures. There is no doubr
that subjeci ion ro rhese physical facrors improves rhe heaith of seed and planl ing marerial,  etc.

Since the nature of the action of the physical factors used for presowjng trealment of seeds has nol yer been
adequately clari f ied, i t  has become a serious obstacle to lhe furrher improvemenr of rhese methods and the wide and
un i ve rsa l  app l i ca r i on  o f  t he  i : ons ide re r l  p resow ing  r rea rmenr  o f  r eeds  canno r  be  recommended .

In our opinion, i f  these dravbacks are to be overcome, new investi tal ions wi) l  have to Lre conducted sjrnulta-
neously along three i ines

I Po! exp€rimerl ls in the laborarory to determine the effecr of a part icular physical factors o0 the germinaL,
ing qualir ies of seeds and to clari fy lhe nature of the action of these facrors

.  2 .  F i e l d  expe r imen ts  t o  de re r rn i ne  rhe  e f f ec t  o f  r he  changes  occu rnng  l n  t he  \ ceds  on  c ropp rng  and  o the r
qua l i t i es .  These  j nves l iSa t i ons  w i l l  have  t o  be  conduc red  by  ag ronomica l  and  b io l og i ca l  r esea rch  and  expe r imen ra l
lnlt i tutes so rhat rhe effect of presowlng trealment of seeds on the narure of plant growth altd developmen! and ult i
n ra te l y  on  t he  c rop  y i e l d  and  qua l i r y  can  be  re l i ab l y  de re rm ined .

i l  Ex !ens j ! e  f i e l d  exPe f imen ts  on  co l l ec t i ve  and  s ra te  f a rms  as  an  l nLe rmc , l r a !e  s ragc  be fo re  reconLmenda -
! j on  o f  a  pa f t i cu la r  n t c l hod  o f  p fesow ing  l r ea lmen t  o f  secds  i o r  w ide  adop r i o  i n  t he  ag r i cu l r u ra l  i ndus t f y .

l \ 4any  \ , ca rs  o i  r esea rch  i n  t he  f i e l d  o f  i n rens i f i ca t i on  o f  r he  v i t a l  ac t i v i r y  o f  p l an t s  b !  e l ecu j ca l  f ac to r s  p ro_
\ j de  a  sound  bas rs  f o l  ( : l a i l n j ng  t | a t  e l ccL r i ca l  p r csow ing  uea t rnen r  o f  sceds  w i l i  be  a  - c j gn i f i can t  f ac to r  f o r  t he  p re
so \ { r r r q  l r ea rmen l  o i  sec , l s  w i l l  bc  a  s i t n i l l can t  f ac l o r  f o r  t he  p roduc t i on  o f  h tgh  and  \ r ab le  c rop  y i e l ds

1 4 :



S O M E  D A T A  O N  B I O L O G I C A L  I N T E R A C T I O N  W I T H  T H E

V I S I B L E  A N D  l N F R A R E D  R  E G I O N S  O F  T H E

E  L E  C T R O M A G  N E T  I  C  S  P  E  C  T R  U  M

L A ,  K o n d u r u s h i n  a n d  A .  A .  S h a k h o v

In the statement and formulation of the problem on plant photoenergetics the attention of the authors

was locused not only on the energy (as such) of I imit ing regions with visible l ight. Thcy were inlerested

in the effecls on plants of thc energy of l imit ing rcgions (ul lraviolet or infrared) in combination with spec-
t r a l  r eg ions  o f  v i s i b l e  l i gh t  I 1 l .  l n  t h i s  connec t i on ,  t hey  s [ ressed  t he  impo r tance  o f  r egu la r i t i es  o f  spec t ra l
Inutual complement, spectral iDcompatibi l i ty or reaction. nesearch carr ied out in thc ultraviolet [2] and

infrared [3] regions of lhe electromagneLic spectrum seened promising and encouraged further \ \ 'ork.

A. Szent-Gydrgf i  [ .1] pointcd out that the ncar infrared region is of direct interest to biolo.gists and
it is noteNorlhy in i tsclf .  Szent-G]'6rgJ' i  bel ieves that i t  is just here lhat pur.e elecLron and vibrat ional ex-

c i t a t i on  become  equa l  i n  magn iLude ,  and  L rans i t i ons  be l \ \ een  t hem become  eas ies t .  As  o the r  l im i t i ng  r c -
gions, this spectr.al region, \ !hich I ies bel 'ond the region of I ' is iblc spectroscopy and before the region of
usua l  i n f r a red  spec l rosco l )1 ,  i s  s t i l l  a  nno  man ' s  l and . '  Th i s  r eg ion  has  p len t y  o f  su rp r i ses  evcn  f o r
ph_vsicists. The secrets of the Iegion are gualded not only by technical dif f icult ies, but also by $ater,
r vh i ch  has  scve ra l  a l ) so r ' p t i on  l r ands  i n  t h i s  r eg ion  I 1 ,  p . -111 .

Thc  ob jec l i ve  o f  l h i s  r esea l . ch ,  r , . h i ch  r \ ' s s  sLa r ted  i n  1965 ,  i s  t o  i nves l i ga l c  t hc  e f f ec t  no l  on l ]  o f

lhermal, but also of infral 'ccl r .adial ion on the energj 'producing process of plants. ln this \ \ 'ork the cffect

o f  t he  nea r  i n i r a l cd  l . ad i r t i on  i n  i t se l f  and  i n  comb ina t i on  $ i t h  spec t ra l  r eg ions  o f  v i s i b l €  l i gh t  on  t hc  r cs -
piral ioD rate of pl irnl leaves, is examined. From some of the previously presented phot cncrgetic l)r 'c-
cond i t i ons  i t  can  be  e \ ] r ec ted  t ha t  t he  e f f ec t  o f  i n f r a red  rad ia t i on  i n  comb ina t i on  $ ' i t h  o the r  r eg ions  o f  l he
op l i ca l  s l j c c t f L l n r  \ i l 1  c l i f f e l  f r on l  Lhe  e f f ecL  o f  on l y  i n f r a red  rad ia t i on .

' I hc  t es l  p l ocedu r .e  cons i s l cd  i n  Lhc  f o l l oN ing .  I . ea res  Ne re  cu t  o f [  undc r  \ ya le r  and  Lhc  cu t  s ten rs
$e1 ' c  pa t  i n to  e  t cs t  g l ass  l i l l cd  \ \ i t h  $a te r  and  p laced  i n  a  s l l ec i i t l l ]  cons t l . uc ted  : r n r l J  t i c  chan i ) ( ' r ' \ , . h i c l )
\ \ ' a - s  conn ( ' c t ec l  t o  i r n  I I IAS  1  i n f r a red  l i es  i l nx l \ ' ze r ' .  I n  t he  uppe r .  l i l t c c l  I ) a r l  o f  Lhe  chan rLe r ' ( r ' oo f )  t he re  i l r e
g l ' oo \es  f t ) r  L \ \ o  i ) r ' t h r cc  L i gh t  l i l l c r s  r i casu r i ng  E r l  !  E l l  n .m  o r '  10  >  11 )  mnr .  l ns i de  t hc  chan lbe r  t hc l ' c  a r c
t \ o  t he rn r i s t o r s  i o r_  con l i ) ) uous  t en lpc r . l t u l ' e  measu r ( ] I nen t  o [  l hc  l eevcs  aDd  a i r ' .  Du r i ng  t hc  t es l  l he  i n l r a -
r . ec l  gas  ana l \ ze r  \ \ as  ope l ' r t i ng  i n  a  c l osed  s t s tem \ rh i ch  cDsu l ' cd  an  a i r  s t r eam o f  60  l i t e r s , / h .

\ r a r i ous  I e f l ec t i ng  rnd  p ro jec t i ng  f i l an rcnL  c i ne lamps  \ \ e re  used  as  rad iaL ion  sou rce .  The  ang le  o f
i nc i deDcc  o i  Lhc  r l ! s  on lo  t he  l caves  \ r as  -15 " .  The  r c ( l u i r ed  reg io t r  o f  t he  spec t l um $as  se lec ted  b ) ' us i ng
s tanc l l f d  g l ass  l i gh t  l i i t c r s  i 5 l .  l . ' o r  p l an t  i r r ad ia t i on  b l  r i s i b l c  l i gh t  a  Na tc r  f i l Le r  35  n lm  th i ck  $as  a l so
used .  l hc  r . ad iaL loD  \ \ as  rDc l su r ' ( , ( l  \ \ i L I i  P |o I .  B .  l .  I i oz - \ ' r ev  t l Tc  t he rn rop i l es  l L ;1 . '

Thc  f i r s t  t c s t ,  ce l r i ( ' d  ou t  on ' l r a l ) zon  t \T )e  t obacco ,  sho \ red  l ha t  t hc  resp i ra t i on  i n  t hc  da rk  i n  t hc
budc l i ng  phasc  o l  Lhc  t h i l ' d  u l pc l  i ca f  \ \ ' a s  abou t  2 .5  ng  CO2 /dn r .h .  l n  such  a  l ea t  t hc  app roach  l o  t he  com-

l )ens r t i oD  l x ) i n t  o I  gas  e rchaDgc  j s  r eachcd  on  i t s  cxposu rc  Lo  red  l i gh t (KS-10  f i l t e r  t r ansm i t t i ng  i n  t he
reg ioD  o i  60 r l - ! 0 ( l  nDr  r  \ r j l h  aD  i nLcns j l J ' o f  abou t  200 ( l  e rgs / cmr . sec .  l n  t hese  cond iL ions  l hc  r csp i raL ion
does nol cxcced ; 1,;  I  of t i rc Icspi lat ion in lhc darl i .  \ \ 'hen lhc leaf uas ex-posed for 5 n] in to near infrarcd
rac l i a l i oD  ( I l iS - l l  l i l l c r  l | a r r s l r i L t i ng  i n  Lhe  I e rg ion  o f  { ) . 1 } -3 .011n l )  \ r i l h  an  i n l ens i t y  o f  200 . { )00  e rgs / cm2  scc ,
t bc  I es l l i l ' a t i on  i nc re rscd  b \ ' 11 ( t  1 ( l 0 r ;  UDdc r  t he  s imu l l aneous  e f f ec l  o f  r ec l  a r c l  i n f r a r . ed  I i gh t ,  t hc  res -

l ) i r a t i oN  . l i ( l  no t  c \ ce rd  l r l  : 1 r ' ;  o f  t h ( ' r ' c s l ) i r a t i on  i n  t he  d r r k .  ' l he  sma l l  i nc rease  i n  l hc  I esp i ra t ron  du r i ng
thc  con r l l i nc . l  e l l c c t  o i  t h .  i n f r . a Ie t i  and  | ed  I cs i o r -<  o f  l h .  s l l ec t I un l ,  co r -n l ) a r cd  \ r i t h  t he  iD f ra l . ed  on l J , ,  \ \ ' a s
i nd i c : r t i \ ' e  o f  t bc  i l i s t iDc t i \ ' e  e f f cc t  o f  I t d  l i gh t .  S i ] n i l i l r - da ta  we le  ob t r iDcd  on  l i . l ac ,  b l ack  cu r l aD t ,  lD . l j an
co rn .  enc l  p r : r .

' I  
h , Js .  i n l i  i r a ,a l  : 1c t i \  xL ion
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TABLE 1. The Activating Effect of Infrared nadiatior on the Respiration
of Leaves and the Deactivating Effect of F.ed and Blue-creen Light (on
Simultaneous Irradiation with Infrared Radiation)

o
o
€

Objecr
Condir ions of  i r radiat ion

(brand of  f i l .er  )

The energy

received by
the leaf ,ergs

The respiration rale

cor, mg/
dmz.h

% of respira-
don in thedark

Leaf o{  l i lac

llarkness

K S - 1 0

I K S - 3

K S -  1 0  +  I K S - 3

2  000
200000
202000

2.'1
0

0 .3

100
0
160
1 t

Darknesg

K S . 1 O
I K S - 3

K S - 1 0 + l K S - 3

2  000
2  00000
202000

2-4
0,36
4.8
0. !t4

I 0 0
l 5
204
1 8

L€af of  b lac k curr inr

Darkness
s zs r.1
] X S - 3
S ZS -14+ I I (  S -3

2  000
15  0000
152000

l-4
0 .4
2 -4
0-6

100
29
r ? 1
43

r
d
D

r

e

T
s
2
I

fr
0

r
r
e

+

!cr i f icat ion. This $'as donc in ensuing experiments, the more t lpical of which gave the fol lo\\ ' lng results
(  s c e  T a b l c  l ) .

As  can  be  seen  f r on l  Tab le  1 ,  du r i ng  a  5 -m in  i r r ad ia t i on  o f  t he  l ea f  by  red  I i gh t ,  a  cessa t i on  o r  a
cons ide rab le  dec rease  i n  resp i ra t i on  uas  obse rved .  Such  a  d rasL i c  dec rease ln  re ; i r d t i on  a l so  occu r - r cd
du r i ng  a  5 -m in  i r r ad ia t i on  (p r i o r  t o  t ha t  t he  i ea f  had  been  i n  da rkness  f o r  20  m in )  b j ;  b l , u  e_g ree |  -  r ays .
Unde l  t hc  e f f ec t  o f  i n l r a l ed  l i gh l  on  such  a  p rcda rkened  l ca f ,  i t s  r esp i ra t i on  i nc reased  t y  aT i i r o r  o f  1 .5  o r
doub led .  Du r i ng  t he  5 -m in  cxposu le  t o  l he  i n f r a red  l i gh t ,  t he  l empera tu re  o f  t he  l ea f  i nc reased  by  10 -12 .  C .

On  i r r ad ia t i ng  s imu l t . xcous l \ ' \ \ ' i t h  i n f l ' a red  and  red  l i gh t ,  t he  resp i ra l i on  d id  no t  i nc reasc .  bu t  on  t he
conLrar' ] ' '  consideral) l ]  decreased; aL the sl lnre t imc a sharp increase in the leaf temperature sould be ob-
sc r l ed  ' I he  

resp i ra t i on  becan tc  noL  on l y  se ' , e ra l  t imes  l o$c r  t ban  t ha t  on  ac t i va t i on  by  i n f r a r . ed  l i gh t  on l r , ,
l l L r l  cons ide rab l J .  l o r , , e r  l han  t ha t  o f  t he  resp i ra t i oD  i n  Lhe  da rk .

Thus .  undc r  i n f r a r cd  ex?osu re  and  \ \ i t h  t he  accompany iDg  i nc rease  i n  t he  l ea f  t empera lu re  t o  30 -32 .C ,
thc rcd or blue gI 'een l ight dlLlst icaLl.r |educcs Lhe respiratory activi ty of lhe leal rvi thout reducrng lhe tenl-
l ) o l a l t r r c -  Thc  l ' cd  o r  b l ue -g recn  l i gh t  t ogeLhe r  \ \ i t h  t hc  nea r  i n f r a red  rad ia t i on  becomes  reac t i yaL rng .
Some ih i rg  s im j l l l 1 '  Lo  phoLo reac l i \ , aL ion  o f  r esp i r . a t i on  i s  obse rvcd -  Th i s  was  obse rved  by  o$ .en  L . / l  on
lobtcco lc:1\ 'es lor Nhich thc rcspi l 'at jor l  incr.eased b,v 20i aftef being eryosed to ultra!, iolel l ighL, and de_
c|t- 'asct l  lo ?" of l l rc iDjt ial  \ 'z lue on cxposurc to visiblc l ight. In the latter case, opposing t]?es of intcrac-
L ion  ca r l  a l so  l l c  o l l s c r vcd  i n  I he  reg ioD  o f  t he  e l cc t romagne t i a  specL rum,  i . e , ,  v i s i b l e  \ \ i l h  u l t r av io l e t  l i gh t ,
wh i ch  i s  kDo \ \ l t  as  pho to r -e t c l i \ , a t i oD .

I r )  t ho  l i | 1 t ho rs r  e \pc r i n r cn rs .  phoLo reac r i on ,  p r ' oc rucec l  no r  on lY  by  $h i t e ,  bu t  a l so  by  red ,  g1 -een ,  and
lr lLrt g-recn l ighl,  calr l lc ol)scrrcd. Accor' . l in{ to ol lrcr ( latn obteined by the authors, the red l ight pr:oduced
th ( r  s t1 ' ong ( ' s l  c l l c c l .  t i l c  r - . r . c l i \ e l i ng  r l ) i l i l - v  o f  \ \ ' h i ch  N i t hou l  i n | f a rec l  i nc reased  w i t h  t he  i nc r case  l n  rn -
L ( ' r l S j 1 \  i r l  r l  t a D q c  l l o t ) r  i r l l  ( l  l r ,  l f . 1 ) ( r ( l  e r l s , / c I ] t 2 . S c c .  A : j - l I j n  e x p o s u r c  t O  r e d  l i g h t  o f  a n i n t e n s i f y o f  a l j o u t
1 ; .  t l t l t l  e | gs r / c r r r ' ' s . ] c  \ . r s  su l i i c i cn l  l o  no r ' r r x l i ze  t hc  I cs i ) i 1 .a l j on  t ' ' h i ch  had  been  ac t i va ted  bv  a  5 -m in  i n i r a -
I ' c (1  i r . r i l d i l t i a r  i r 1  l t n  i r l l cns i t !  o l  e l r oL l l  : 1 ) (1 . r t ( ) r l  c r . gs / cn r2  scc ,  \ \ ' he reas  i n  da rkness  t he  r€sp i ra t i on  \ \ ' as  no r -
r ' r a  l i z c ( i  \ r ' i l  h iD . ! t - : l { r  n r i r

l l  j s  i r l l (  r ' Ls l j n l  t / r  r r l ) l c  l l t i i t  l hc  l c r c t i ! . i t i n j l  c f f cc t  o f  \ \ ' h i t c  l i gh t  \ \ i t h  r cspec l  l o  t he  c t f cc t  o f  j n [ r . a r . ec l
l ' l l ( l i l l l i r ) : i  l s  l . i : : ,  r r l r s t I r c r l  r r h t  r r  l h r ' | ) e n l  i s  e x p o s c r l  t 0  r i s j l ) l a  l j g h t  l t c l o r . c  t h c  i n f r . l t . c r i .  , \ t  l h c  l l e g i D n i n g
. j l L l r ( ' i | ] f L s 1 i : l l ' l r ' ] r r s ' ) i ' l } ] | ' ] l l . r l ] l ] e r l l l t \ . ' i . ] n ( ) l i c c ( ] | h N l , i J | h . ] e : L | \ \ . a s ] c J ' t i n d a r . l i n c s s j o r ' l ] l r - ( j l ]

i n l  r l t ' c ( l  i l ' t  i r ( l t a l L i
l l oD l  { h l  l l r ) l r l l r i l z l l l i o r r  o l  I  l c i i l  t : i l : a r  ( l i ] ' c c t l l  f l on r  t h ( ' l i gh t  f l o -< l  I ' c l i a l l l c  da ta  \ \ . e r . c  o l J i a iDea l  iD  c rpc l . i -
l l r c l l l s  \ h ( ' r r  Lh .  l r e l  \ ' x : r  p l ' c -e r x |osc t l  t o  l ' c . i  l i gh t .  On  cxposu ro  o l  a  t obacco  l ca f  l o  r cc l  i iAh t  a t  . r n  i t . t t e r l s i t !
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TABLE 1. The Activating Effect of Infrared nadiation on the Respiration
of Leaves and the Deactivating Effect of Fed and Blue-Green Light (on
Simultaneous Irradiation with Infrared Radiation)

Object
Conditions of irradiarion

The energy
received by
the leaf ,ergs

The respiration rare

(brand of  f i l ter  )
COz, mB/

dm?.h
% of respira-

t ion in thedark

Leaf of  i i lac

Darkness
KS -10

IKS  -3

K 5 -  1 0 + l K S - 3

20  00
200000
202000

0
4-3
0 .3

100

0

1 6 0
l 1

Darkness
KS. l  ( )

I K  S . 3

K S - 1 0 + l K S - 3

2AAA
20  0000
202000

0- 36
4.8
0 .u

1 0 0
1 5

2 0 0
1 8

Leaf of  b lack cusanr

I larkness
szs-1,1
I K  S . 3
S Z S - 1 . 1 + l K S - 3

2000
150000
152000

7 . 4

2 .4
0 .6

100
2 9
1?1
43

verif icat ion. This \ \ 'as done in ensuing experiments, the more t lpical of which gave the fol lo$inq results
( s ( e T a b l c I ) .

+ .  .o" : :" l"  
seen fronr Table 1, during a s-min irradiat ion of the leaf by 1ed l iglrt ,  a cessation or a

cons loe raD le  oec rc i r se  i n  r esp i ra t i on  $as  obse rved .  Such  a  d ras t i c  dec rease  i n  resp i r i t i on  a l so  occu r r cd
c lu r i ng  a  5 -m in  i r r ad ia l i on  (p r i o r  t o  t ha t  t he  l ca f  had  been  i n  da rkness  f o r  20  m in )  b l i i l . ue_g Ieen  ra1 , s .
Undc r  l he  e f f cc l  o f  i n f r r r ed  l j gh l  on  such  a  p reda rkened  l ea f ,  i t s  r esp i ra t i on  i nc reased  t t  a  f ac to r  o l  1 .5  o r
doubled. During the 5-min exposure to the infrarcd l ight, lhe temperature of the leaf increased by 10-12. C.

On  i r r ad ia t i ng  s i n ru l t aneous l - r  \ \ ' i l h  i n f r a red  and  red  I i gh t ,  t he  resp i ra t i on  d id  no t  i nc rease .  bu t  on  t he
con l ra r J ' ,  cons ide rab l l ' dec rcascd ;  a t  t hc  same  L ime  a  sha rp  i nc rease  i n  t he  l ea f  t empera tu re  $ou ld  be  ob -
serYc(1. ' l 'hc respi l 'at ion bccanle not on)y se|etal t imes Io$,er thatl  that on activation by infrared l ight onl_y,
l l u t  cons ide rab l_ \ ' l o \ \ ' e r  t haD  ra t  o f  t he  resp j ra t i o r  i n  t he  da rk ,

l ' hus .  unde r  iDh ' r r c . l  c x l j osu re  and  N i t h  l be  accompany ing  i nc rease  i n  t he  l ea f  l empera tu re  t o :10 -32 "C ,
l hc  . ed  o I  hLue -g recn  I i gh l  . l r as t i ca l l - v  r cduces  t hc  resp i ra l o r y  ac t i v i t y  o f  t he  l ea f  $ , i t hou l  r cc l uc ing  t hc  l en l
p.ratufc- The red or l l lue-green l igbt together \ \ i th the near infrared r.adiat ion becomes reactlvating.
so r l e th i ' l s  s i n ) i ) a l '  t o  pho to re ! c t i va t i on  o f  r csp i re t i on  i s  obse r \ ' ed .  Th i s  was  obse rved  by  O \ \ ' en  [ ? l  on
lo ] )acco  l e l t ves  l o r  \ \ . h i ch  l hc  res l l i r ' r t i on  i nc reascd  b , r . 20 / l  a f l c r  bc ing  e r?osed  to  u l t r av io l e t  l i gh t ,  anc l  dc -
cIc!sc(l  to 7' .  of LIrc ini t ial  valuc on cxposure to visiblc l ight. In the latter case, opposing t l?es of interac-

'  l i on  c rn  a l so  l r e  o l j se rvc ( l  i n  l hc  reg ion  o f  l hc  e l ec t romagne l i c  spec t r . um,  i . e . ,  v i s i b l e  \ \ , i  t h  u l t r av io l cL  l i sh t .
\ h i ch  i s  kno \D  as  l ) l r o to re rcL i \ : a l i oD .

I j )  t hc ' i l r l l bo rs '  c xpe l ' i l l l cn t s .  pho to l cac t i on ,  p |oduce r l  no t  onLJ 'by  \ \ ' h i t e ,  bu t  a t so  by  r cc l ,  g recn ,  and
b lu ( ' - s rocn  l i sh t .  can  l ) ( r  obsc l vc t l .  Acco rd iDg  to  o l he r  daLa  o l ) t a i ned  b j ' t he  au tho rs ,  t he  red  l i gh t  p roduced
1 l r (  s t l ongcs t  c l f . , c t .  t hc  r . cec r i r l l t i nq  a l r i l i t \ '  o f  \ \ h i ch  \ \ j l hou t  i n f r . a red  iDc reased  w i t h  t he  i nc re rse  rn  rn_
Lc l l s i t \  i r  u  | l lDs ( '  l f on r  l ( r 1  t )  l o  l f ,  ) 1 | l l  c roq / c l l ] 2 ,qcc .  A  : l - n t i n  exposu rc  t o  red  l i gh t  o f  an  i n tens i t y  o f  abouL
l : ) .  ( l ( l ( r  c r i l s / / r l l r :  s c (  \ \ es  su l l i c i cn l  t o  I o ] ' n r r l i z c  t hc  l es l ) i r a t i on  $h i ch  had  been  ac t i va ted  by  a  5 -m in  i n f r a -
r c ( l  i l r xa i i a l i . ) n  l l l  l L I l  i l l l a r t t s l { r ' o l  r l ) oL l l : ( l ( 1 .  1 ) t ) 1 l  c t gs . / cn t2 . scc ,  \ \ he reas  i n  d i r r kness  t he  resp i ra t i on  \ \ , as  no r ,
r i a r l i ze ( l  \ r i t h iD -9a - : l 1 r  ) I  i n .

l i  i s  i l l l l  l  r ' : i 1 i n3  l ' )  r r o l f  t l l . i t  l h (  r ea l c l j r e t i ng  c l f . c t  o [  \ \ h i t . r  l i t ] h t  \ i l h  r espcc t  t o  t l t c  e f f cc l  o f  i n f t . a r . ec l
l ' : r l ] i l ] l i l ] ] j l : . l i , r . l ' l i l s t ' r ' r r , r l \ \ ] ] ( ' l l i l l ( l l ] 1 l n i i s c x i l . s c d t ( ) \ ' i s i l ) ] c ] i g h t l ) c | o f c t h c j n h . a r . . d . } \ l t h c 1 ) c 1 i ] ] ] ] j l 1 g
( ) ] t l r ( , j ] ] \ c s L j ! l . L i ' ) l l s , j | t I ] f l ) ] . l ) ] ] l c l l ] i l \ . ; t s N l ) L i c . , ( l 1 h l l , j I t h ( , ] r l a | r r e s ] c f t j J ] d i r l . l i n ( ' s s

i n I I a ] ^ e ( ] i ] ' ] . i l ( ] i i ] 1 i o x . t h t , N . ) ] . J r j l i i j Z : l l i o 1 ] o l ] ' . , s p i f i 1 t i . n a I . t e ] . i ! | ] . l f e d i I i 1 ( ] i a t i ( ) l ]
l ] . o ] l j t l ] ( ' 1 ] o ] . l l l i l ] j Z l l 1 j o l l l ) l . . r l c | 1 . 1 l i l i e x ( l i ] . c C l ] \ ' f l ^ o n l 1 h c l i g I l i ' l l ( ) s i ] . c 1 i a l ) ] c ( ] a L i 1 \ ' ' . e c

l l l cn t s  Nh t ' r r  t h ( ' i c r l  \ ' a s  I ) l c - f ) i posc r l  1o  I t ' c l  l i gh t .  On  cxposu rc  o l  l 1  t o l l ecco  l ea i  t o  r cd  l i qh t  a t  a ) t j n teDs j t J
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PROGRESS IN AGRICULTURAL PRODUCTION

E L E C T R I C A L  S  T  R A  T I F I C A  T I O N  O F  V I N E  G R A F T S

L .  V .  K o l e s n i k ,  G .  M .  F e d o r i s h c h e n k o ,  a n d

K  l sn rnev

E .  F e d o r e n k o

Trans la ted  f r om l l ek r ronnaya  Obrabo tka  Mare r i a l ov ,  No .  1 ,

,  
pp ,  74 -11 ,  Janua ry -Feb rua ry ,  1965

One of the main Problcrns of vi t iculture is rhe production of grafted vines resistant ro Phyl loxera. Hence, rhe
strat i f icat iorr Process is a very important period in the l i fe of grafts. Dufing this r ime cal lus r issue forms on rhe grafr
secl ions and subsequently becomes dif ferentialed, rhus leading ro the fusion of the scion and stock, At the samc trme
the  eye  o f  t he  sc ion  i s  f o rmed  and  t he  rud i rnen ts  o f  r he  roo t  sys ten ]  a re  l a i d  down  a t  t he  base  o f  t he  s l ock .  Thus ,
rhc  success fu l  S fow th  o f  8 ra f i s  i n  nu rse r i es  and  t he  number  o f  r op -g rade  p lan l s  obu ined  depends  g rea r l y  on  ahe  co r -
f ec t  p rog ress  o f  r he  phys io l og i ca l  p rocesses  i n  t he  s r ra t i f i ca r i on  pe r i od ,

I r l ves t i qa t i o r l s  i n  t h i s  i i e l d  sho \ t  qu i t e  de f i n i t e l y  t ha !  t he  conec r  p rog ress  o f  t he  s r ra r i f i ca r i on  p rocess  requ i res
accu ra te  i cmPera tu fe  con l ro l  and  f o r  ce r t a i n  va r i ea ies  o f  v i ne  ! he  t empera tu re  has  ro  be  d i f f e ren t  i n  t he  uppe f  and
lowc r  pa r ! s  o f  r l t e  cu  i l ) g .

ia l l is been iourrd [1 ,  2, 3, 4] that strari f icat ion of vine grafrs wil ] t  a lower temperature at the base of lhe stocks
i s  n ro rc  succcss fu l  t l l an  i n  t he  case  o f  un i f o rm  hea r i ng  i n  ho rhouses .

su l ) sequc l l t  i nves t iSa t i o r r s  [ 5 ] showed  a  be l l e r  up take  o f  nu t r i en t  e l emen l s  i n to  g ra f t s  when  the  t empera tu re
Nes I8-:t 'C. l  he effect of dif ferent !emperatures in the upper and lower parts ol rhe grafts on cal lus formation and
fus ion  o f  r l r c  s ( : i o  I  a | r l  s t oc ] (  was  a l so  i nves t i ga ted .  , r

' l  l i r  s t ag t s  o f  d i f f e l cn t i a l i o r r  o f  t i r e  co |duc t i ng  t i s sue  o f  r he  sc ion  anJ  s rock  rn  rhe  c ; I I us  du r i ng  f us ion  and
l )a rd r r i u l l  h : r vc  b r cn  de rc rn l i l l ed  I t j ] .

i t  i s  ob ! i o r .  r i t a t  a1 l  t hese  r csu l t s  o f  i ' ) ves l tSa t i ons  cou ld  r l o t  have  been  ob ta ined  rn  n r r . e r i es ,  
" h " r "  

l he  ! vho le
s l r . l l r i l c i r l i ( ) r l  bu i l d i l l l l  i s  us t i a l l y  he r ted .  I !  \ ' ou ld  bc  imposs ib l e  no r  on l y  t o  regu la te  t he  t empera ru re  accu ra re t )  r n
r  r .  r r ! l r ( r r r  ( , 1  u I i o i :  o l  sc i on  and  s toc l i ,  bu r  r l so  iD  rhe  s l r a ! i f i ca t i o l t  boxcs .

A  \ . I \  s i l l  P j f  so lu l i o r l  l o  l l l i s  g rob len r  r i as  sccu red  b ) '  l oca l  e l ec t r i ca l  hea t i ng  o f  r he  reg ion  o f  j unc l i o  o f
s (  i ( ) j r  . r j L l  s r , \ ' 1 . .  \ ! l L l r  l i t r  u j L j  o f  t l t c  . pe r r . r l  I  f l -  l +  r l ec r  c i t l  s r f . r r i l l ca t i on  appa ra tus  des igned  by  t he  l ns r i t u re  o f
-1P l )1 i . r l  i r l l \ s i . : ,  A ( l ; r d r J r r f  o f  Sc ie t r ccs ,  N lo l d . r v ren  SS l i  a r )d  I he  \ 1 .  V .  F runze  K i sh inev  Ag r i cu l r u ra l  I ns t i ! L t r e ,  e tec -
l r L ( . L l  i l e r l l  r . ,  r ' l :  r i f c c r c r l  b \  n ra ta l  f r : 1n res  \ , i r h  a  headn !  cab le .  The  t empera lu te  was  au toma t i ca l l t  ma in ta i ned
. r r  \ i l l l r  r  r  -  ( l  n i  a  p r cs . r  l e r c l  r h ro t rqhou t  d te  s t ra r i f i ca l i on  pe r i od .

\ \ ' r r r i  t  r i s  s l s l cn r  o f  r cgu l ; 1 l i o r )  l l ) ( '  l empr fa tu r c  o f  r he  hea t i ng  e lemen t  i t se l f  changes  ab rup r l y  a  d  f a i f l y  con -
s rLL r r i i l r l ! ,  bL r r  r l r c  | c r r ' l o \ .  l ) c t r r  conduc l i o r r  o f  t he  saudus r  and  i t s  con t i nu i t y  sn too lhe  ou t  f hese  va r i a t i ons  ve t y  we l l
. 1 l l ! ,  . l s  , l . c l l r i l t ! '  l ( n )ne t : 1 l u re  n l cas l l r en len l s  i n  t he  re8 ion  o f  ca l l us  f oama t i on  have  shown ,  t hey  a re  o f  no  p rac t i ca l
s rq i l l l l c . l L r . r .  \ 1o r .oV t I ,  s i r ) cc  I l l e  hc r t i n ! t  e  l emen t  i s  s i r ua red  a t  a  d i s tance  o f4 -5  cm above  t he  g ra f i s ,  r he  t emper -
a iu r r  l r f l l  t i r  l r c  s t r . l t i l i ( : ; r r i o r  bo \  has  t l t c  r equ i red  co l f i gu ra t i on .  \ { i r h  i nc rease  i n  dep th  be low  the  hea r i ng  e le_
r l  a r i i  I  l ,  l . r l i f ( r l l u r .  i l c c r . l r scs  oN l r l r t  I o  hea l  co  duc t i on  and  hea !  i oss ,  and  i n  t he  l o \ ' e r  pa r !  o f  t he  box  i s  equa l
l r '  i l l .  t (  l r l f r r r i L l . l r r . ) l  I  l e  su r l oL r r rd i n !  e i I .  l l ) i s  i . n rpc ra tu re  d j s r r i bL ] l i o r r  e I ) su fes  l oca l  hea t i ngo f t he  zone  o f ca l l us
!L r f l r : i f : ( i t  . l l i ! l  , | :  i , l ) l ) r . l r r i l l .  t ( ' l ] t l . f : r l u i .  r i l s t r j bu l j o  a ]o t r !  l I c  p l en t .  ' l  he  ! en rpe ra tu re  i n  t l t e  uppc r  pa r t  o f  t he
! i i l l i :  l :  ! !  i  . i n ! i  l L r l o l l r : l l i c l l l )  n ra j r r l a i r r c l  b \  a  t he rn ros !a t ,  whe reas  r l t e  t cn tpe fa tu re  o f  ! he  l owe r  pa  i s  ma in ta ined
b r  : i , t  : i r r l r a ) f r J : r  c t r e Iq r  i t  r l t a  l l l l l ) i a l  t r ' i l l f a r . t t L l r a .

I  l .  i i i s i  . \ ] r r r t t t t ( t i l s  . l :  l ( r c r l  . l . c t r r c ; r l hea t i n !  o f  r he  g ra f t  zo r ! '  s i t o \ { . 1 { l  r i l a r  ca l l us  f o rn la r l on  was  mos t
i r i l i l  .  - ' r - l '  ' ( , .  \ ! (  i r ( , r .  !  i l ,  i l ) i s  c l \ r  t l i 2 r  l r r ! .  c ] l l ! s  a r c r f a c . ' r c . s  r r i ,  J , , r J j t r r l  i n  t h e  f i r s r  l : - 1 , 1  d a ) s .  ! l o w e v e r ,
i ,  !  \ l l , ' i r l ( l i l i l l - L r : .  i l i  I  , (  ( \ r , . i L : a i r r r : '  \ a s s f l !  i r r  l t i r  c l r l l L r s  r s  r . t . r r , . l c r l .  I : i i s  : s  b r . r i r u i a  | ! \  c | ' L l s  J r a  f o r | t e , )  r a p i d l t ,
r i  L  l r ' \ :  a r  l r . j r  i r ! l . r t L i r r . :  . t i .  i  t .  c i t l l r :  f i L r i \ f  ( j .  w i ! ! L s  \ \ j l :  , \ r l  I o f I u t : t  l i  c r , i i L _ l i l c t r . t g  s ) , s l a n t  ( f  i ! . , 1 ,  a ) .
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Fig. 1. Schemaric i l lusrrat ion ofarrangemenr
t ical stradficarion of vine grafts by means of
EFI-14 appararus.

Ar a sl ighrly lower remperature (23-24.C) rhe rare
of cal lus formation is lower than in rhe previous case but
the dif ferentiarion of rhe cel ls is better and more rapid.
In this case aDatomical secrions obrained ar the end of
.trari f icarion (16-18rh day) showed good formarion of
conducting xylem vessels at rhe site of union of lhe scion
and  s tock  (F i8 .2 ,  b ) .  Th i s  i nd i ca res  good  fus ion  and ,
ulr imarely an inciease in yield oftop_grade planrs in
the nursery.

We also found a very signif icanr relat ionship between
the good development of the planr, the variery of rhe
stock, and the temperarure condi! ions during strat i f icarion.
For inslance, for e Berlandieri  x tuparia Kober 5BBoroot_
srock a mole effect ive remperature was 2S_26,C in the
upper part and 22-23'C in the lower. For Rupestr is dyu

f r : 1 i  L :  r i r  r r , f i t c a l .  f o r  j n s t : l t ( c ,

! . r 1 : 1  i . .  I  |  _ , t ' . _ .  i , a : : t . r l u c e r l  t o
l :  r ' ,  i J : r  i  a r r . , : c 5  | l C  U u r : _

for elec-

the

F ig .2 .  Ana rom ica i  sec t i on  o f  g ra f r  on  s i de  o f  acu re  ang le  o f  sc i on :  a )  S t ra r i f i ca r i on  a !
28-30'c. A IarFe cauus excrescence is formed bur i ts c"l ls a,e nor dif fereDriared;
b )s t ra l i f i ca l i ona t24 'C .Xy lem vesse l s  can  be  seen  on  t he  sec l ron .

Lo  l oo t s tocks  t he  mos l  f avo .ab le  t emPera tu re  cond i r i ons  we re  24 -25 ' c  i n  r he  uppe r  pa r t  a rd  22 . c  i n  ! he  l owe r ,  wh i l eIhe beJt temPeratures fof RiParia Gluarand tuparia 7 Rupesuis 101-14 srocks )rere 22-2i) 'c irr  lhe uppef pan and18 -19 ' i n  r he  l owe r  pa f r  o f  t he  q ra f i s .

I f  t he  t e l - l ]De ra tu r r  a t  r he  b3se  o f  r l t e  s roc i r :  \ i : 15  t oo  l o , *  r h f  ) . i ( . j ( l  o {  } ou : : {t h e  y i e l d  o f p l a o r s  \ 1 a s  8 U . l t . ! ' f r e n  | , r  r . n , p r r r r . _ i r  r .  i l , ( _  l ( , r L r ; , . , r t  * a r  t i t , r . r _
53d /owhe j r  t l l e  t cmpe fa tu r r  \ , t s  i o r , e t r , . l  l ( ,  l i . ( _ .  I  : , ! . ; i r r oJ ,  o i  coJ : : r ,  i ! . _1 , (  r l
t i on  o f  l l i r  s t r a t i f i ca t i o I  p rocess .

'Jfr i l l rnr nalnes are rransl i terated irom rhe l tussian-pub]isher,s norc.



of no tess importance for elccuical strat i f icat ion is d1e maintenancc of rhe optimum moisrure conlent in the

sawdust ro secure rhe normal proSress of the physioloSical processes in.the Srafrs. A low moisture content of the

sawdust in rhe uppe. parr of the box has an adverse effect on cal lus forlnation. The heating elements and the dryinS

up of rhe sawdusr ar rhe open sides of the boxes tend ro reduce the moisture content. We found thar the mosr ef-

fect ive merhod of maintaining optimum moisture conrent of the sawdus! was to damp it  with warm water on the

b r l i ,  9 rh ,  and  l 2 rh  day  o f  s t r a t i f i ca t ron .

The quesrion of the nutr i t ion of t l ie grafts during strat i f icat ion is very important. I t  is recommended rha!

nulr ienr solurions should be placed in rhe immediate viciniry of the base of the stock at the bottom of the box.

When aIl  rhe above-mentioned condit ions (temperature condit ions, moislure content. nutr i t ion, etc.) are fulf i l -

led, rhe yield of rop-grade planrs obrained by electr ical strat i f icat ion is much higher rhan lhat obtained b) '  the

previously employed hothouse srrat i f icat ion. For insrance, according ro the data of the Moldavian State Machine

Testing Starior),  hothouse strari f ica! ion of the variety Kolna nyagra on Ripafia Gluar in the case of a bl ind stock and

the Dulr ient mixture "soi l  + PK + B" gave a yield of 42.1% top-8rade planrs, whereas elect ical srat i f icarion with

rhe  fF I - t aappa ra tus  f o r  t he  same  t ype  o f s tockand  nu t r i r i on  i nc reased  the  y i e l d  t o  52 .1%.

S U N l M A R Y

l. Electr ical strat i f icat ion of vine grafis is an effecrive method of increasing the yield of top-Brade plants

fronr a nursery.

2. The besr remperarure condir ions during sual i f icarion vary wirh lhe biological characte. ist ics of the stock.

3. Elecrr ical slrari f icarion is a very promising merhod as regards improvemen! of the qualiry of grafted plants,

sav in {  o f  power ,  and  reduc t i oD  i n  l he  re l a t i ve  amoun t  o f  manua l  l abo r .
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Electroculture of Tomato plants in a Commercial Hydroponics
Greenhouse
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ABSTRACT:  
.An 

exper imen l  was  conducted  ro  eva luare  rhe  e f fec ts  o f  a i r

i::i]:j;iiri.:ill"j;""1'?l:;'ii"H:iru;ifj'jlii"yI*;,11 ,,, 
*""'n"'' !rjnton '/ '/ runDubrrshed dala'| a'| or.rahoma

;ifi*',;ilili*rf*:iiii]m"y""r*..","rs;;;;;;;';;,:; " ;[,YJ:i;'::ffi,f'ff",fl"'"'.";,'i"ftfl*ili#",il..f"
ili:+-:illi*.m:rirtffi,*_#;iri*l**,ri :n:""Jh:,?J:,'i;"1*"x;li:;;:*;i,r_:ruii
r.c.rved relatively f.w |ons Nohrt

il'i::i:':I:t;;.':i: :*.; :jj;;i:-.,';}:i:l','.;;'i';:;T::::i'5;'.?: ; 
".-' llrdL a m'o cu'irent o' air ions (r l,-\i cm2,
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INTRODUCTION

THE OBSERvATION THAT atmospheric electr iciry
occurs, not only dunDg stormv weather. but in f ine weather a"s
] \ - e l i  

l Lpmmo l ra r  1?52 r  ve ry  qu r , . k . t  t ed  na ru ra t  nh r l  , . . o t , hp r .
I o  SpecJ la l p  l ha l  l h i ,  ,  Ons l3n t l !  p r , , va t i t ng  sou r . .  o l  t , n r r c lm lgn l  l n l l uencp  p l . r n t  g rO \ ! t t r .  l a t hp r  G r "mna t t s t i r  t t , , ,CAr i a  o ft h p _ [  n t v p r s r t ]  o f  l L n r ]  t  l ; ; 5  |  \ r a l . o  r r r l . . . l r  a p p n o r ,  m a t r r f * " t
r na r  na tu tp  makp .  ex tpnc t \ p  r r : p  o l  a tmo ,phe r r , .  . . e ,  t r r c r l ] ,  f o r
l r omo t l ne  vpgeu l t j on  .  Th rs  nu t3 l t \ .  r p l a r ron .h  p  

" r .  
i " a " i " " a

Pn rN  (oncp rvpd  anL l  exp , , r r pd  h \  Bp  j r u l on  r l ; 531 .  Ga rd ln ir  r  / 6 2 ) ,  a n d  I n g e n h o u s z  t l t g g l .

,  _The dscovery of air ions by Elster and Geirel (1E99) andb] Thomson (1898) made experrments on the bjologjcai effects

: . t r i : , ? * l : " :  
e l ec rn ,  r r v  morp  .  omprchpns ro ._  anJ  u l r ,ma , . i t .r o , t o  l n '  d ,  ve lunmFn l  o l  5u i l dh t -  mp lnuL l s  f o r  t hp , r  p r rau ,  r i onrn r l , qLan t | l a t l un  i n  l g0J  Lpm, t r Jm reponed  l na r  an  p lF . t nL .a ]

qN l ra rq '  I r om me ta l l . "  po tn t s  p .a .  - J  ahuve .cpd l j ng .  p rudu ( .Fd
:-L:**?bl: 

sr imLrlat ion of gro\{, th, and tt ,s ot, ." luurion wu,con l r rmpd  l h rep  ) -ea - r s  l a l p r  b5  Cassne r  I  I g0 ; ] .  B lackmaD and

; - y ,  
, 1 : r ] , 1  ( ondu " r i d  a  l ong  se r re .  o Iexpe r rmcn r ,  on  s rng l c

l , : r c l a - rn  
(ne  t abo ra ro ry . .  on  p lan l .  r n  pu r  I u l r u r , ,  and  on' ' r / u  c ropc  expo5ed  l o  l on_p roduc tng  n tqh - ro l t age .  l ow-amperag .,!ectr.cal dl,chaJFe.. Thpj. ohra npd stgntft .3nl in, reas.s in

: . " " " . , i , . " o  u r y  we rgh r  a l  na rves r .  S r . r ane l  r 1975 r  ha .  r - v r c$ .eJ
]1 l i  ] 1 ,1  

h , ' , : n  o f  $he r  can r .  r .  L ,F ,d | , . 1J  . . e t c , . r r ^uu t ru rF . . .

. : " ,  " " l r  wo rK  h rc  bp 'n  con .pn l . d  w t l  n  t ne  I n f l up r ) \ e  o f  e l pc l r o -
. ] l l l ^ , : 1 ,0 .  

on  sped  se rm,na r rud  r t gd? ,  and  rn ,  r nnu . . n . .  o f'  tclrostat ic f ields on plant respiratron (196g).

,  .  
l \ f u r r  { 1964 .  1965a ,  1965b .  1966a .  1966b .  t g t i { i c )  hasstudied" intpnsjvejy thc broph),srcs oi planl glo\\  t i r  , ;r- ; ; , . , ; ; .

: :1: i" ] , f .  
under condrt ions prooucrng errher phJ.sioiogrcaj

: : lTr,,1l,"r 
or,planr darnagf. Durrng nrs i ! .ork r lr  r  thr, \ f t i r j \roush bean anal swe(,t  corn he found t ' fru, in"r"r.r, ,r : i - 'an,r, .  , , .1rta)wllr  r  r ,ru rr,  o rr rr h app, rt ,d , . lp,.r  c f  p.Ll.  r , ,  |  , \(  dU k \ rr .rr r ' , /  r { \  m .  r e rnF .  r i v . j !  Ah r , , , "  t no ._  I " r n . .  g ren11 .  , " , , ,  , ; . r ,decreirsed. \ lJren orch.rrd . ,ras( seedlrDgq ;". , .  , ," ; , ; ; i ' ; ; ,rr lat ivel5. high elecrr i( .  f ield strenFth, tht l  plarr.  a,r ir j rr ,"J , ] ,

damage and brochemical analyses indrcatfd , fr",  , , ,1, lr"*1i, ,enzyme a ontent of the ttssue tvas al lered.

, ,  
ln the course of studies of sma| alr lon Acl loD on Delblotch disease 

.of 
barle!, ,  Elkiey rt  ul lTgi i  I  unr",_i t l r"r u"rt , i , , lptan$ exposed to posit ive lons exhibrled signif tcaDt increas.,.in hejghr and dry \a,eight. Earlrer. I ja\ t196lr naa olvn,t.r tgro\!th strmulat ion of gaJden cress lrrale(l  \r jLh posit j \ .  ornegative ions.

, , "  l u "n -un  
. / - r l  ( ] 971 t  expe r jmen ted  \ r . r r h  e i r , ( . 1 r r (  f r e t ! l

: 11 "1 , : ^ : " ,  
. omp  30  va r r . r . e .  o f  r , r an r . .  \ \ , : , .  f . , , , r  . : a  J  L r r  .  ,  ,

: "  
, : y  ^ l  m . r  s l zz l r nF  rn r . p  J ,  r . l o f r o  and  rn ,  ,  L . t  , ? .

]r-a:,  
d:recTd: 

.Th 
e war bean proved to be 

"rqu,r, t"t .  
," , ,r , , , , .

to.eiectr lc f jeld condit jons and grelr fasler than con,.. l .  ," ,r , j" iother plants tested) under freids of 100_300 k\ m. Suir-sequenUy. 
_extensive expenments were conduct(,( l  $rt l  oarl trp l a n l :  w l l h  m o n i l ( ' n n A  , , f  a t r  t o n  p r o r l u . r  o L  , . , , r i , : . J  . r l f l i . i r . .

ano !b. i  presence of O3. niectrrc f ield strengtl t :  ol  :00 kV n-s t lmu la t . d  R r , , u r  .  I n  d  ra1 rp t s  o t  t . l p , . l n .  l , _ i , r .  l t  : l  t j \ ,  Lo ,  ! :I n o i /  O ( , U r r r n p  i r r  n : r t u r , .  l n , \  f o l t J l d  l t , a t  r u  , ,  p . r t  r . j - ,currenl developed t() produce OJ ancj loDs. Berhntar anrlRe i chman ts  (19?31  con t rnuec l  
" r p " r , - on , .  

\ r l Lh  ba r l 1 , ]  p i a l r i :

: . G  1 9 6 i

8 7-{ .  ?5i

' .  1 3 t  1 r

4 .  4 1  l t

4 . 2 5 3  l r

\ l ,1qt Journol of Btological physics Volume 11, 19gB



itv,;"Tlxtfl .1:"-"T:lji. i:,'"^""'"';* :J. :l;::lll J';l*',, 3::
" ' * ; ; , ; ; ; ;  

5o  l v  m  r t ' ^n  a r  15 t )  k \  m  Fu r thc r '  t hP  d i r  i u r '

f f ; ; ; ;  ; l t"  st imulated plants when vented into another

:; ; ; ;" ; ; ;J ir ,e g'owih or plants contained therern' 
' rhe! '

i" i ; ; ; ; ;  i t , .  gro't t ' ' "1'u,,"tns lactor ts a 
-bvproducr.or

.olorr^ -a lhat i t  develops at relal ivelv low f ield strength

Growth retardation occunng at higher f ield strength rs 
.assoc'

JtJ'*nrt current f low from apex lo base of the plant-a

;;; ; . ; ; ;" '  reporred carl ipr h] cholodnv arrr l  Senke'*rrsch

, " i i i J i i  . " a  b Y  L u n d  ' /  ' /  l 1 9 l ? r ' T h c m i ' c h : r n r s m s o l e l p ' t r o

.; ; ; .  f* l ;  ictrons sugg'sted by Bar'hman and Rprchmanrs

;;; ; ;"  r t ,e hvpotheseJ espoused bv the 18th centurv pnrr '

. , . i l l " t ,  t t tut atmospheric electr ici ty '  even in f ine weather'  acis

io;romote the $o\-! th of Plants" " '  
7 t t * t i , . f . t i  ( 1958 )  and  Zhu rb r t sk r r  and  Sh id lovskava

trgoii 
"iJiJ 

*t" influence of electrical conditiont."n tf-"-:!;

H;;i;;;; ; solution bv plants and found that potentrar

iliiJ" "q"iuuf""t 
to those pievailing in nature can affect the

ibsorption and incorporation of heaw metal ions Exposure

io Jifi"afv increased densities of small air ions enhanceq

;*;';;;;tt. similar resulLs have been reported.bv Murr

;1&3. ir6{, 1965)' bv Kotala et al' (1965a} and bv Krueger

);;'ti$ii. tt i;'diri6cant thrt m 'ottonD'ot in thldl

;il; ; 
-plo,*a"d 

iim. etnorpheric clec'Eicitv inhibits torne

of iheir e*sentral physlologrcal processes and inkrferes rvith

J"t"ii- -a a""aopmeot lztttur'i*tii 1969: Krueger et ol

tttubrr. 
o*'r, experience in this lield began in 1960 at the

Uniu*siv of Caii fornia. where $'e developed iaci l i t ies per-

- i l i ing 
"t  

po.u." of plants to small  air iol1s in a control led

*i"ro"rrviron-"nt (Krueger et al ' 7962)' For the mo-st parl'

; ; ; ' ; ; ; j ;" ; ; ; t"  ieedl ings of oats (Aoeno sol ird) and.barlcv

(Hordeim ul lgorisl  glo\\ 'n- in chemical i !  defined medra- \ le

iound rhat seedlings t.realed 1\ i th unipola! ionized atmospheres

of 
" i t t  " t  "n*g" 

produced siat lsl ical l !  signif icant st imulat lon ol

c roN th  as  measu rpd  b !  mean  s l rm  l pn f l h  i n lPg ra l  - l onea t l on '

: ; ;  ; "  ; ; ' ch t  r hp  ' x ren r  o f  s ro \ ! r h  rn ( rpa \p  t \ . 35  rou lh l y

o.oooaionufi" the atmospheic ion densit_! and thls m turn

5;;;;;;t;; .n^g,"t"tl. cr cunent flo.'" to sround rbe

mtnimal curr.nt mpasurpd tn a groun' ' f  i rr  r-rt t  t11 
: ' f i l ' l ' "  ?l

p roduc ine I  m"a ' l r : h l e  d ' i f e ren '  e  I n  g ro \ r l n  \ \ 3s  I J  I  o  r  r v ' -

- i q i p t ^n ,  t k * "g " t  
" r .  

d / .  1962 ) .  Rec luc t i on  i n  t he  a i r  i o r r  con ten t

of-the air resulted in retarclat ion of growth and loss of turgor

(Klueger et dl .  1965) The major biochemical char\ges arcom

oanllnq the acl lon of alr lons on pianis \ \ 'ere found to be: (1)

i n " r " ^ . .  i , ,  r a l e  u f  g ro$ lh  and  d ry  $P leh l :  l 2 l  i l "  r ' os r  l n  p ro

c lu r t i on  u f  '  \ ' l o ,  h romp  C  and  o lh r r  Fe '  on la i n 'Te  P '1 l ymPs l  (  r  I

; ; ; ; ; ;  t ;  i"  uptak":11) shif t  in the distr ibution ol Fe tre'

tween chloroplasts and lhe resl oi the cel l :  (51 shrft  in the ralr

of dark-l ighl shrrnking and s$el lrng of isola!cd chloroplastsi

{d) st imularion of ATP rnetabolism of isolated chloroplasLs;

i?i increase in oxygen consl lmptiolr;  (8) inctease in RNAast'

uci iui ty nf leaves (Kiueger el dl .  19fi3i Kolaka el ol '  1965:

K ruege r  e t  o l .  1961 ;  Ko taka  e l  o l  , 1968  K { ) raka  e t  a l  ,  1965 '

Kotaka and Krueger. 19?21'
\\ i th this background. we undertook to ( letermlne whether

the growlh st imulal lon observed under laboratory condlt lons

could bt, duphcated with a market crop gro!\ 'n Ln a hyclroponrcs

i J i " . .  . u l t u t " ,  g reenhuu 'e  1b r '  expe r rmen t  wa \  '  ondu ' l ed

dunng  thP  penod  De"emb t  r  197  I J ' r l y  1975

I
:
l
i
I
I

} IATERIALS A.ND I IETHODS

Seedting Hous€ (SH)

b.

This structule, 9.6m by 3'1 m and 2'2m high ' consist€d

of ritrs and purlins covered with corrugated plastic panels

i*ftuutt t*. 
"t 

one end provided air i)rculation' and an auto-

;;;;";;c and cooting unit kept t-he maximum davtime

l".o"t"t"t" 
'at 

ca zZ"C and the miniDum nighttime temp-

,-to-"J"" ca 21"C. The ail ionization 
"y*rn "9t* i

;ffitt'a. !-. raf,Y cenrd s b'oi-'(ldirl
co-aced 6f crir !D!rt in a tquare pattem end rurpeoded 58 co

;;;;;;; travs which ,u"t" to b" exposed to air ions lt.was

lo...tio.t"t 2i trr' a day These trays and ttre emitt€rs above

;;;-;;;; tcated 2 ri downstream ftom the travs holding

control seeds and seedlings

Expe!imental Plants

Seeds o I the indeterminate variety of tomato fLlcopersicon

esculentu|..  P ) l i l ler).  cv tropic VFST were seeded Ln molst '

enel i  pel lp!s 3nd sel ln qhal lo\{ plasrlc !ra\ ' :  to gprmln3l-

Sixt) percent ol the pel lets were placed beneath the au ton

emitteis tn the seedling house and {giZ in the control sectlon'

-\ l l  i f f igatlon, feedings. and environmental conltol proceoLrres

werr, plrformed according to the grower's normal operalrona-l

. t^"a"1Jt Treated and c;ntrol seeds germrnated 5.to 6. dats

^l i f t  .*ai"g Al l  the see' l l i t rgs \rere left  in the seedling house

for l6 days before transplanting lnto the greenhouse' \rnere

lhev  ! r e re  d l \ l d .d  rd r r ' i ^m l \  r l ) t o  r \ ( '  s rn ro '  86  I  p l r n l s  ' n

r , " 4 .  . r .  f  anA  5 .  and  i i 6  r r  L "  d '  1  a |d  :  I " n  f l u \  J -n i r t )  \ ( d '

* " u , " " '  , n  l h F  a r a a  o l  b P J '  5 .  I  a n d  5  r ' r e d r - d  p l a r " r  J n d  l r J ' l

i r  , nu t  . i  n ' o .  1  and  2  r '  un l r J r  p l an l ' r '  t  h  i  pu )n r  r ' con ' l d '  r ed

in  "D i scuss ron ' .

Struct\rral Design oi the Greenhouse

The GH in \ \ 'hlch the sl imulated arld conlrol tomato ssed

1 inn ,  , ' : " r "  t r ansp .an l , d  r s  shu tn  n  F ' g  i  E "Pn r r s l t ]  ! h '  CH

fo i t l r u ru t t on  ' hos r ,  i '  ' ommon ls  d ' s  r r n "d  a5  a  qLonsp t

iX"a^b.*", hor.rse The prina4 structure 'onslsts of a series of

i ' i . - ' iJulLf ' t"ra. made from assembled plast ic pipes roith metal

nf,r",  s. 16 'r"ostal. 'purl  n. '  ano roof tr l lqs merhnprs Tlt

ir ' i i*  ",r",  tur '  ts cor.r-d \ tr ln f ihrrgla" relnior '  "d 
pla' t i

oan -1 . .  ( L r l oJ l .  a r4  n ro ! l oFo  a  l h '  Pa r ' i p  - nd5  f o r  P \hau ' l

coo ) r cg  f an " .  doo r ' .  a r , d  oo l r l r e  pad  pa l ' F l s  SP  r )nd ] J l  ' 1 r11  
.

trrr",  oi. t""t  pipes are insul led internal l5 to support the natutal

gas heaterrfalr unit  and the o\ 'erbead air distr ibul ion duct and

iso for the necessar] $ire cables ro support the tomato r lne

f ru i r  f " uo . .  I hp  GH r .  10  23  m  l ons  and  i  9 l  m  r r rd "  a r rd  f r o

v rde .  a  l o ta i  p roduc t l r ' "  a rea  o f  125  mZ  \  eo re rpc l  n " t o r r '

gound levet resenolr !o conral l l  the nutr lent solut ion and

"oraoi""t"" assembly is located jusl inslde lhe entrance door

"""";,";,.; n?"'o''.'.n'
At rl\^;ll-,,3-'1 

nv -/- 
", 

' ,...,"
- i  / '  , l  ,  a .D
: -7e2m+' i ,  r

' |  
t ;  L--  Et '  t 'e t t

C o . i r o

:#i,1,:;:l:"1:il:I'i,i.':;"j'i:::l''.:'1,",-#:Y'::"i:i:::"":1"""i;;:J
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Fig. 2. Pl.nt grorih Ele of control and air'ion treated tomalo plants

The ordin.t indrc.t6 le€rtge main st€rn length in centim€lers. Th€ ab_

lcisss lists the deys after trantplanling. Mrjor.'entr chete.izing the

a i r ion- t rea led  p lan ts  and cont ro ls  a re  en le red

was not possible. Consequently, in Fig 2 only the marn stem

average rat€ of growth is shorvn as a function of days from
transplanting. Notes have been entered in Fig. 2 to key certain
growth events.

Visua] lnspection was on a cont. inuing basis for plant res'
ponses and physical appeatance. The si imulated plants in

eeneral had thinner stems, smaller leaves. less dense' overal l
iol iage cover and had two or thlee more i lower_fruit  clusters
thar the controls for equal stem height. The labor requred for
plant leaf pruning was much less for lhe ion'treated plants than

for the controls because of the denser fol iage in the latter. On
the other hand. less efforl  was expended on poLllnation of the
controls because the ion-st imulated Diants had more f lorvet
clusters per plant. These dif ferences balan(. 'd onf another.
Harvestlng, srzing. grading. and parkaging of mature frui l  look
place Lhree t imes per week.

\" incty-se!en da) s after transplanting the growth ratc
der'reased for the strmulated plants and Nas onl-\ '  sl ightly
reduced for the controls- 

' lhis phase coincided approxlmalel l
with the bri€' f  period when air- lon treatment \{as lnterrupted,
as nolcd below. and Droduced no i l l  ef lect on f lowers. fruit

€Fo\! ' th, or on maturation of tomaloes. Vitus clesease was
detected in control and st imulated plants during the sixth week
of han,est and caused a reduction of fruit yield Diseased
plants were removcd at a rate of 39i per week of the total plant

populat iorr.  produclng a total loss of 25i:  in the treated glot lp
and 107. in the controls. The col lect ing of data for piant per'

formance in terms of fruit  yield and quali ty was termilrated
152 day's after transplanting because of the excessive planl

deterioratron and losses to virus infect lon.
HaI\est of frui!  from ai i- ion treated plants b. 'gan 10'1 days

after s..eding (86 da)s after transplanting) and procee-ded more
raprdly than did han'est among lhe controls. Figure 3 depicts
the yield rate per plant as a function of harvest \ teeks for
st imulat€d and (ontrol plants. l ' jgure,1 displays the cumulalrve
fruit  yield per unlt  of greenhouse area. Because of the hrgher
inridencc of vir lrs lnfect jon jn the ion-treated group the yield
(:urves begin to converge at the ninth week. Figure 5 is a plot

Horvesl Weeks
F'8 .  3 .  Tomato  p lan t  y 'e l . l  l ( ' r  a i r  ion  t r€a !ed  and coDt ro t  p tan l ,s  p lo t red  as
y ie ld  ra te  aga ins t  harvesr  weeks .

3.5

3.O

2.5

2.O

t 3

1 0

o 5

St imu lo ted  P lo  n ts
Averoges  o f
Beds 3,4,5

, ' l

/ /  C o n t r o l  P  l a  n 1 s
Averoges  o i  B  eds

I r Z

Horves t  V i  ee  ks
F i g  I  F . u , t  !  i e l d  ! s  a  f u . . r L o n  o f  g r c e D h o u s e  u n , t  r r e j

Horves t  weeks

F i q  5  C u m u l a | ] v e f r u i t ] ( , l d p . r p h n t  i o r c o n t l o l s a n d  r o n r r c r t c d p l a n r s
p lo t ted  aga ins t  harves t  w. rks

/ ,S l  mu lo led

Sl rmu lc ted
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m aturation /r lpenlng, (c) increased crop yield and (dl improve-

ment of fmit composlt lon, \ le recogTllzed that in such a pre_

l imlna-r! experiment i t  Nould not be fea'sible to conduct a

definitrve test employing the control condit ions one would
jmpose in the laboralory. Ideal ly. an exp. 'r iment of this sort

should ut i l ize two secl lons of the same greenhouse, one hous

ing the treated plants. and the other the controls, completely

isolated from the art i f ic lal iy ion-enhanced atm()sphere. For
practlcal leasons, we were not able to lnstal l  a Faraday cage lo

pervent ions from reaching controls. -{s a compromlse, we made

use ofihe facl that arr ' ion density fal ls off  rapidly with distance

from the ion source. The emjtters \ . !  ere so posit loned along the

length of the greenhouse that beds 3, 4 and 5 were closest t()

them and could be consldered to prPsenl an )on Lreated area

(Fig. 1). Beds I and 2 wpre far enough away lo serve as contiols

although they undoubtedly rcceived a Iow dosage of ions

Conrquently, in the abs€nce of a complet€ly untteated s€t of

controls, any dfferences in biological effects observed during

this experiment could be ascibed to differences in arl ion

doso.se. On the basis ol the averages of the ion flux densities

lnumber of ions/cm2lsec) at plani level in ttte three different

flr of tie erperiment, ion-treit€d Planb in tlle .ft tection

rlclield c' l? tiDet the dosage of pbnt3 in tbe confol !rc|!.

shile ion-treated plants in t}|e forward section werc exposed to

ca 13 times as many ion as the control plants.

It can be argued that the plant responses obs€rvd on our

experiments depend on difierences in the imposed electrical

f ields. Clearly, the control plants were exposed to lower elect lo_

stat ic f ields than the t\ \o groups on ion_treated plants Ho$ever,

the work of Bachmall  and Reichmanis (19?1) and our own

expeiments (Krueger ef al. ,  19?8) demonstrate that air ions

are the primar, element in conveying thc small  electr ical culr '

ents to plants that resuit jn increased rate of gro\\th. In our

experiments. corrducled in very 1o$' electrostat ic f ields, no

growth cnhancement occurted unti l  air ions rvere added to the

ambient air.  Bachman and Reichmanis found that increases

in plant Fro$th. in !he absence of added arr ions, depended

upon !he intensi i icat ion ()f  relat ivelr- lo$ electrrcal i ields at the

pointcd ends and ftne hairs of plants to su.h a degree that

corona developed and arr ions l lere produced The eltctr ical

currcnts reoulred to st lmulate gro\\ ' th are qulte 'qmal1: 610

pA tp lan t  i r l  ou r  ea r l !  r t ud ies  (K rueqe r .  e1  d l  .  1962 ) .  10  pA '

plant in more rei:( 'nt ones. alrd 10 p.\ in Blacknar, and l-eggs
(1921 )  - i e r i es .  Poh l  and  Todd  119S1) repo r rPd  a  I u r ren t  o l - 1

p , \ , cn :  a t  p l an l  l e l e l  t o  be  e i i t c tM  rn  e rped i t r ng  t he  g row th

ancl blorsoming oi geraniums and Pcrsran vlolets

The goai of the experiment recorcied here $as to t ' \ 'al l late
the application of electroclr l ture in the production of tomatoes
in a hl 'droporlrcs greenhollse. The generai ly fa' 'orable effects
obsened lead to the conclusion that the arl  ion enriched
environment rvas responslble for:

1. Earl ier appcarance oi buds and fruit  bJ two wceks
2 .  Ea r i r e r  f r u i t  ! i pen ing  by  10  davs
3. Cumulative fruit  yield rate per plant greater by 27? at

the end of six ! \  eeks-
.1. Supenor frurt conformation and quaji ty by 10?-15?

for Grade 1
5 .  Imo rovcd  f r u i t  s i ze .
6 .  Im l r ro r , . d  f r un  f l a ro r  and  '  nmpus t i on .

Sjnce the costs of rnstal l ing air ion generators are modest,
their energy requiremenls are mintmal. and no detrtmental
eifects of negairve arr ions on lhe personnel have be€rn obsen'ed,
thls procedure appeais to be a useful addlt lon to greenhouse

technolog]-.
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T H E  U S E  O F  U L T R A V I O L E T  R A D I A T I O N  I N  P L A N T  P R O T E C T I O N

N { .  I .  z h i S a l ' t s e v a  a n d  S .  M .  C h e r n o b r o v i n a

K ish inev

Translated from f lekt,onnaya Obraborka l \ latcr ialov No' 1'

pp .  ?8 -81 ,  Janua ry  -  Feb ru  a ry ,  1965

' 
Electr ic l iSht rraps are used abroad

inc re " .e , l  t l  I I r c )  J r r  u r cJ  I n  co , . l L l r ' l ' o l l

c r e p u s c u l a r a n d n o c t u r n a l i n s e c ! s u s u a l l y m o v e a r o u n d r a n d o m l y i n s P a c e . l l o w e v e l , w h e n t h e r e i s s P a r t i c u l a r

I a n d n ] a r k , s u c h a s a n a r t i f i c i a L l i s h l s o u r c e , t l r e i r m o v e m e n ! b e g i n s t o s h o w e l e m e n t s o f r e S u l a r i r y a n d ' a s a r e s u l t .

mos! insects approach the landmalk uol iL lhey come into direc! contacl with i t '

Th i s  cha rac re r i s r i c  o f  i nsec t s  has  been  known  fo r  a  ve ry  l oug  t i n re  and  l he rc  a re  l bundan t ,  I l l ouS l l  v c r y  con t ra -

d i c ro ry  da ta ,  on  rhe  caP tL [e  o f  i nsec rs  by  means  o f  i i gh t '  l n  t he  m idd le  o f  t l ] e  Lg t l r  c t n tu r y  s im f l ( :  t r aPs  cons i s t rn t

o f a l a m p a n d a v e s s e l c o n t a i n ' n S a v i s c o u s l i q u i d w e | e u s e d i n t h e U . s . q . a n d c e n a d a , b u t l h e y d i d n o t J u s t i l y L l ] e

nopes  p laced  i n  t hen l .  I n  t he  l a l e  t i r i r I i es  and  ea r l y  f o r t i es  o f  t he  P resen !  cen tu | y  new  l i 8 | l I  sou rces ,  i l l c l l l d i l tS  n l c r -

cu ry  and  f Juo rescen t  I amPs ,  Ne re  t es led  f o r  l he  pu rpose  o f  caP tu r i ng  i nsec t s '  Acco rd ing  t o  ex i s t i ng  da ta '  u l l r ^ v i o l e l

l i g h t s o u r c e s a t t r a c l m o r e i n s e c t s t h a n i n c a n d c s c e n r l a m p s a n d b a i ! s . T h e y a r e r e c o n l m e d e d f o r c o n t l o l o f | l ] e

cockcha fe r ,  Pes l s  o f  wa te f s ,  l he  gyPsy  mo th '  and  Dend ro l imus  s i b i r i cus  Tsch tw '

on  f i ce  and  o lhe r  P lan ta t i o l l s ;  i t  has  becn  repo r ted  t ha t  t hc i r  e f f i c : l c y  i s

rr i lh odorous baits.

I

I

E l e c | r l c l l g t l l l r a P s a t e a l s o r e c o m m e n d e d f o r t l ] c P r e d i c l i o l ] r n d w a r n i I l g S c r v i c e . Y e t t l t e y l r a v . c n o t b e r l r l

w i d e l y  u s e d  s o  f a r  a n d  i r  i s  q u e s t i o n a b l e  i f  t h e  c i a ! a  o n  t h e  n u n l b e r  o f  i l l s e c t s  . I ! ! r a c t c d  ! o  I i S l l t  a r e ' s u f f i c j e n l  t ( )

d e t e r m i n e  t h e  t i n r e s  f o r  c j r e m i c a l  t r e a l m e n t  o f  p l a n l s '

T h L l s , t h . i t \ ' i r i l : 1 l J l ( . d l l t i l o I l l l e e f f i c a c y o f l i g l r t u a p s a r e c o n t t a d i c l o l } ' a n d l a c k a l ] i t d e q L l J t t e X p e t i l l ] t l l l l e l

a n d  ! h e o f e t i c i l  b a s j s .  \ 1 o r a o ! e r ,  t r r t  l a c k  o f  i t l f o r n l a t i o n  o n  t l r i  i g c  c o n l l o s i i i o J l  o f  i l l s t c t s  i l t l r s c t t L l  t o  l l ! l l l  s o L l r c c s

8 i \ e s  g f o u r d  f t - . t  t l t ' u l r t i n q  t l l e  a d v i s s l ) i l i t )  o f  u s i r l !  t l r i s  n l ' t h o d  J I  r l l '

l . h e  i j i n i  o i  r l ] e  p l f l e n l  i L ] \ d s t i g a t i o l ]  \ ' i r s  t o  c ] i l i i f !  s o n l t  . L S P . c t S  o I  l i L t  l l l c l t l g i t . l l  a c r i o n  o I  u l t l ] v j ( ) ] c l  r a } ' S

c l t  t i r s c c l s  a r (  r . ,  a c r r i n t l r L e  r r r c t r  a l r p l l c a L ) | i i r y  f o r  r ) l a r  P ! . ! l i c t i o l l  i t r d  \ { , r r L l r l l g  S c r v i c e  a l l d  f o r  t l l e  c o l l t r t r l  o l  ( : r ' P u s -

c u l 3 r  a n o  n o c i r r r r 3 L  c i a p  n e s l s .

T h e  r c r i o r r  , , f  ! l r r a r ) o l c :  r i \ ' s  . L r  l i v i r l s  t i s s L l c s  h . q L l l i  \ i i l l l  t l l c  a b s o r l ) l i o n  o f  t l l c s c  r e y s  b y  b i o l ( ' g i ( : r l  s t r r l c l u r c s '

A  f : i n t a r \ ' ( . f r . l (  i  o l  i t b t o r o t i i ) . r  L ' r  j n i . c l s  i s  l l ) e  v i s u s l  s y s t c n l .  l l  l l a s  b c e n  f t ) u l l d  l l l a l  i t f r c t  e x P o s u l e  l o  a  p a r l r ( : L r l e I

o o : r  o l  u l i r r v i ( r l f i  r a J i r l t ! ) l  t l r r  t i i s ! r t  J t e r v o L r s  s y s t r n r  b c g i I s  t r )  c a u s e  n l o v e l l l r n l s  ( ) f  t l l c  n l u s c u l r t u r e .  l l s i l l l l  i L  l r c l r -

f  i q i l t \ , .  l l , 1 \ f  L l r . v i s i : . j . r , r  r a s i s l e r c ( ]  r l l . t s c  t o l i t n t c n t s  e u t r ) n l a t i c a i l )  ( [ i 8 .  l ) .  
' l l l .  

l l a l u r e  o f  l l l c  t : u r v c s  o f  t l l L r t l ' : r l

r . t  l i r r  i i r s c { l  n : ! s c u l l t u r l  c l e r l l v  s l l t ) w  t i t a t  l l l c  I c s p o l l s c  t o  l r r a d i a t i o l l  i s  p l a c l i c a l l y  I l l c  s i } n l e  J s  ! l r e  r c a c t i o l l  o l

i f . s e c l s  r o  p ! , l s ( , i t i i , t  b )  D D !  ( l i i ! . : ) ,  i . e , ,  i I  r l l l s  c a s a  u l t r a v i o l c t  r a y s  o r o d u c e  a  t o x i c  e f f c c t  I l l .  ( ) t  c q l l i l l  i l l l c r c s t

i s  t l l e  e f f e c l  . l  u i t r a l \ ' i o l e l  t a v s  o r l  t l l c  r c D r o d u c t i v a  s y s l c n l  o f  f e m a l c s '  s i l l c t  t l l e y  s c c u r c  t l l e  P r e s c t v a l i o l l  ( r l  t l r c

s p e c r e s .  1 n  f a c r ,  l n  i , r  J t ,  r l l ( r r s a n J  i I s L t c r s ,  a b o u l  h a l f  o f  w h i c l l  w t r e  f e n l i l l e s ,  w e r c  c o l l e c t e d  a r o u t l d  o l t r : :  l r n r P d t r f i l ) g

t h e  l n a s s  f l i r , l l l  i ) c r i 1 r , l .  \ 1 ( J I .  I i l s l l  ( i ! _ J r ' ,  o f  I l l e  a l l r a c t e d  i n s c c t s  w e l e  a g r i c u l l u r a l  p ! s t s '  F o r  i l l s l a l l c c '  d u r i l l g  t l l c

n l a s s  i l i f r r r  i r c r i o . i  i :  P I U ( - . 1  l a n r t  l i l i z c l c l  u l  l .  : l i r )  r  s P e c i n r e n s  o f  ] 1 r y ! ! n t M l 1  
m a l i l l e i l u s  Z e I I "  o l  w l t i c l r  ' 1 ! - 5 l r ' i

h e r e  f e r n a l a s .  I l  u r i ,  l ) .  r s s u I ] ] t t !  r l l a r  o l  a l l  l l l c  e l l r a c t e d  i r s c c l s  a I e  c a u g l l l  i n  ! l l c  c o i l e c t o r ,  i . e . ,  I h e y  a t ( r  n o i  a l I

k i l l e d .  ' l _ h e r r  
r . c  n r r r : l r t  l r a v r :  c x P . c l a r L l  e l l  i l l ( r r e a s c  i l l  t l ) e  D u l ] l l ) c r s  o f l l '  n l a l i n e l l u S '  f o t  i n s t a n c e '  a J o L l n d  t l l e  l a m P

i r ;  t n c  n e r i  ! . n : . : , .  l i ( i \ \ ( \ r i ,  : L r  I  l c  s c r : o r c l  ) ' . a f  
( ) l  ' D e r a r i o i l  o i  1 l ) e  r I l P s  n o t  a  s i n g l e  n e n  o f  I l '  m a L i n e l l u s  w a s  f o L l n d

w i t l i i n  a  r a c i j u !  o l  ! : i r  i i : t ( , n r r r r :  l r . n  l , (  l n n l P .  I l  t l  (  l o l l o \ . ' i r i t  y c a f !  o l l l !  a  f c r '  e g g  b a l c l l c s  w e r t  f o u n d  i l l  l l l u

l a m e  r e ! i ( r r ,

t

i
I
I
I
I

t .
l. i*

\ \ ' t i a 1  i r : !  j r r r r .  i i , - .  . ,  . .  i . L  ,  i r l : , r l r .

i n s e c l s  i i r r . L , r  ( L  . r  t ,  r ,  .  i  , : : r  '  I  i  . : : r ,  : L

o e c : 1 l l : a  j t : . , r  i  i  _ .  i , r r  I  i  l .  .  1 r  (  L : : 1 .  .

. " 1  ( ! !  - l i , r - i  -  ; t r ,  , i : !  !  . r - ,  . r : ,  r ! : .  i :  i r  1  ,

! )  1 1  f : i l  L : i l l j  c i a i ; '  o i  t l r t  c  I  i  i l  I  i l  c  L  t  i  I  s  L  i  (  I  a l  l i "  l l l  i ) c r '  (  l ) r l I r l  o l  s r  r ' r ; 1 i

r .  l r ! , i  i i , l j  i  r !  , r L \ l ) i r i : l  r r f ; 1 ! r  - J t : i r : l ' l r r ' r  f u l r c i i o l : 1 1  (  l r l t i l ! " r r l l t  '

' . l i  j  i , .  ( : r ! i '  \ . : ( r i  i l l a \ ' . i ;  i , .  1  i  l . : r r t s  b . f " r t  r ' :  l ' i  i l  I  l : ' i :

i , i i i : r ' t  ( , , 1 \  a l !  i l , s ! ( i ! \ \ l l i a : t . : l i r . l l f t r : r 1 l )  l l l l t i  i  l ; l l f (  l r l l l  ) r r  ' i  r "  '
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We found that electr ic l iShr traPs attracted young i0dividuais

whiih had not laid their eggs or had only started to do so' Only a

few specimens out of 4000 insecn which we examined \{ere attracted

after they had laid a large number of eggs'

To determine the practical value of electr ical Planl prorec_

rion we had to derermine the radius of act ion of rhe source and the

besr height at vrhich to Place i t .

Any emitter of ultraviolet and visible l iSht of dif ferent wave-

lengrh is surrounded by three zones which have dif ferent effects

on the behavior of I iying insects. In the immediate vicinity of the

Iamp there is a zone in which lhe insects are inhibited by l ight and

lose t l leir sense of direct ion ("shock reaction") '  In this zone lhe

posit ive phototaxis is obviously rePlaced by negative Pho!otaxls'

This is rhe f i fst zone-the zone of inhibit ion' Outside i t  f iere is a

second zone-the zone of at lract ion. This is the oPlimum zone of

acridr of uluaviolet rays on iDsects. lnsects f lying into this zonc

change rheir direcrion of f l iSht and nlove towards the source Oul_

side this zone there is a zone in which the lamP has no action'

' lhe absolure sizes of t i lese zones vary r{ i th the Power and kind

o f  t amp .  Th i s ,  i n  ! u rn ,  de te rm ines  t he  numbe '  and  spec ies  o f  a t -

tracted insects. AII increase in t l te Power of the lamP does not aluays

lead to an incfease in t l te number of insects attracled' This isclealLy

borne our by the data shown in Table 1, which Sives infolmation

or lhe nLlmber of tof lr icids (Torlr icidae' LePidoPtefa) atrracrcd lo

va f i oL rs  l amps  (n tean  da ta  f o r  15  days  i n  AuSus t ,  196 ,3 ) '

The l inl i ls of the zone of artracl ion of dif feren! lanrPs have

lo  be  de te rn l j ned  expe r imen ta l l y .  Fo r  i ns tance '  we  f ound  l ha t
' for!r ix vir idana L, is attracted to rhe lan1ps indicared in Table 1

f,*r 
" 

alr,""* oi 0.5 l(nl al ld species such as the EuroPean corn

borer are altracted from a distance of more l l ian one kiLometer'

Insects whiclt  have f lown into the oPtimum zone do nol Ieave

i r ,  a l r l r ough  i t  some t imes  aPPears  t ha t  l he  i nsec ! s  move  away  f f om

rlre radiat ion soutce- Insects du.ing lhis t ime aPparently need

I  r \  I ]LE ]

l 'e i ]  k  c nr i  ss l  c)r l

co r r sump t i on ,  w
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: a r  l  l  L : i . \ : ) .

t L r  r !  c c r \ r  l  13 r t r cuh i  l r  ou r . i  o i  l l J  , r  ! n r rg \  r ' r  Lon rP l ! r (  t hcL r  o r l en tec l  f l i sh l '  Such  behav io r  o f  i nsec t s  may  be

us t , r l  r r .  r l t r t . c r  t l l . i r  11 i ! j . i  i f  i i  a , - r L l . f j l l f z l j on  cc l l l e f ,  \ i he fe  d l ey  can  subsequen t l y  be  des t royed '

. , , l r . j :  ( , i  r l .  l a r rps  e ; r c l l  s i r cc i cs  o f  i nsec t  se lec ! s  rhe  oP t i n l un l  i n l ens i ! y  and  he igh l

r . r , ' r ' , i  f l r g r t . l ) ! ' \ ' r  t h .  g roL r r l d  i s  0 . i r  n ) '  Th i s  t s rhe  he iSh I  P re fe f l ed  by  i nsec ! s

l ,  l ! . i l r 12 ,  r r c  
- l  , r  a r l e r i n l en la l  da la  on  wh i ch  d r i s  co l l c l us ion  i s  based  a re

i  i  i r r i  , , i  \ l r c i f J  o l  l l ( ' a l u i d :  a r l l ac r ! - '  l o  a  l amD o l  l l l '  P l lK -1  t )Pe  (n l ea r l  da la

No. oi insects per

r l



m m
Fig. 2. Records of movemenrs of I imbs of a f ly poisoned wirh
DDT. Top l ine-30-sec r ime marks. a) Before poisoning; b)
i n  " convu l s i on "  s tage i  c )  a r  s ra r r  o f  . qu i ve r i ng .  

r t ug " ;  1J iu , '
end  o f  ' qu i ve r i ng "  

s tage ;  e )  r e t cn r i on  o f  on l y  a  weak  response
Io  mechan i ca l  s r i n )u ia r i on  (acco fd ing  t o  N .  B . I l , iDskaya  [ ] 9611 ) .
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/ ( ( , ^ ,  !  r !  t I c  o r  t l rgn l  per iod  o f  insec ts .  War j t -
, , , , . _ : l  

, , :  ' 1 , t . ,  I  i  : .  r : e .  ,  ' r . r  , r n .  I  I
u l t ravro le t  la r iDs  ca l r  n fo r i ( ] .  rhF  
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EQUIPMENT AND INSTRUMENIS

f r t - r +  a p p a n e r u s  F o R  E L E c T R t c A L  s T R A T I F I c A T I o N  o F  c R A p E  G R A F T s

S  P .  F u r s o v ,  G .  M .  F e d o r i s h c h e n k o ,  A .  L  K o r n i e n k o ,
N .  K ,  N a u m o v ,  a n d  S .  l .  c n i l y u k

K i sh inev

I  r an . l a ted  I r om F l ck t ronnaya  Obrabo t !a  Ma te r i a l ov .  No .  2 ,
pp .  83  -86 .  l ! 4a rch -Ap r i l ,  1965

The  fF I  14 .  wh i ch  was  deve loped  by  t he  I ns r i t u te  o f  App l i ed  Phys i cs ,  Academy  o f  sc i ences  Mo ldav ian  ssR ,
i s  des iSDed  fo r  s l r a t i f i ca t i on  o f  g rape  g ra f r s  by  means  o f  l oca l  e l ec r r i c  hea r i ng  o f  r he  j unc r i on  o f  r he  sc ion
w i t h  t h e  w i l d i r g . '

The  apPara tus  cons i s t s  o f  a  power  supP i l  96  hea t i nB  e lemenrs ,  and  a  con f t o l  sys rem,  wh i ch  a re  i n re rconnec red
in  ace r ta i nmanne r  A : chemar j c  d i ag ran r  o f  l h ( r  fF I -14  i s  shown  i n  F ig  1 ,  and  an  ex le rna l  v i ew  o f  i r  i s  shoh ,n
i n  f  r g  2 .

To  accomp l i sh  s t ra t i f j ca t i on ,  f ou r  g roups  o f  hea r i ng  e lemen ts  a re  connec led  ro  t he
hea l  boxes  w j rh  rhe  g ra f r s  i n  t hem,  au roma t i ca l l y  ma ln ra in i ng  rhe  ass jgned  !empc ra tu re .

i 5ee l l  Ko lesn i k ,  G .  } r 4 .  Fedo r i shchenko ,  and  N .  E  Fedo renko ,  f l ek r ronnaya  ob rabo rka
(1965 ) .  f o r  a  more  de ia i l ed  desc r i p r l on  o f  e l ec t . i ca l  s i r a r i f i ca r i oD  o f  g rape  g ra f i s .

power  supp i y i  r he  e lemen l s

ma te r i a l ov ,  No .  I ,  p .  ? .1

':

1 5 3



Technical Specifications

Productiviry (number of grafts per
season)

a) Power Supply

Three -phase line voltage
Frequen ,  y

Seconda ry  vo l t aSe

I )ower  r  on .u  mp t  r on

U v c r  a l l d r m e n . r o l l

We  rgh r  o I  power  . upp , ]

100,000 -  150.000

380/220 v
50 cps
3 8 V

2.5  kW
520 x  320 x  ?60 mm

?5.5  k8

4 . 5  V
5 A

22.5  W
3 6 0  x  5 ? 0  x  1 0  m m

Work  i og

Curre nl

Powe r

Ove r  -aL l  d i  men t rons
- Iemp( j r a l u re  

dev ia l l on  i n  hea t j ng  zone

Thc  hea t l ng  e len rcn t s  n re  connec led  i n  se r i es  (e i gh r  eac i t ) ,  and
g roups  o i  2 . t  each

t h e n  t h e y  a r e  c o n n e c t e d  I n r o  d  t n d  ) t l e  t n

b )  Hea t i ng  E lemenr

vo l rage

The  n rag r re t r r :  s l a f l e f  I )N11  i s  ac !ua led  by  rhe  ro ra rv  sw i t ch  P (F ig .  1 )  The  l i ne  vo l rage  goes  rh rough  fuses  P r
to  t he  P f lma r \  r " i nd ing  o l  r be  po l , e r  i r ans fo r rne r ' l ' r r .  The  3B  V  f r om rhe  seconda ry  w ind ing  o f  r he  r rans fo rme f  T11
i s  f ed  t h rough  connec r tn t  l ead .  l o  t he  hea r i nq  e l cn ten t s  NE ,  wh i ch  a re  l oca ted  i n  t he  s t ra t i f i ca t j on  boxes  when  the
ie r r lPe ra tu rc  l u  t hc  hce l rng  zo r ) r  exceeds  t l l c  ass jgned  va lue ,  l he  conaac ts  o f  t he  t €mper i t u re  re l a ) 'RT  -  r \ h i ch  i s  l o ,
ca ted  t n  one  o f  t hc  s t ra l r f r ca l r o l r  bo re r  -  a re  c l osed ,  Nh i ch  causes  re l ay  R  to  d i sconnec t  t he  p i l o t  l amp  I -2  and  rhe
magne t i c  s l l r t e r  P \12  A :  a  r c i u l r .  t he  po \ re r  i s  f emoved  f r om rhe  hea t t ng  e iemenrs  When- the  t e rnp ( j r a tu fe  f a l l s .
r he  hea t i ng  e la r r r : r t s  e re  con r rec t t J  l ' I us .  l he  rempera tu re  cond i r i ons  i n  l he  s t ra t i f i ca t i on  zo  e  a re  ma in !a ined
a u l o m s l l c t l l \

f he  r cqu r r cd  l em; ) c l i t u r t  co Id r l l on j  a re  c rea ted  a t  t he  j unc t i on  o f  r he  sc ion  w i f i  t he  ! " i l d rng  as  f o l l ows :  t he
d : . l i  o {  t hc  DZ I iK  I  r r l i \  l s  n l o \ed  coL r l t e r  c l ockwrse  ! o  t he  ex t reme  pos i r i on  and  con |ec i s  t he  appa ra tus .  When  rhe
as f r l l ned  t en  p l r r a tu l (  Ls  I c : r ched  l chcc l {ed  l L r r f l lS  ca l i b ra t ron  w i t h  a  mercu ry  t he rmomete r ) .  t he  d i sk  o f  t he  DZhK-2
re lay  s l o ! , ' 1 \  r u r r !  (  l oc l i l . i \ e  u r )L r l  t he  appa r r ! us  i s  d i sco r rncc ted

hat

col

sa r

ne(

con

tre :r

Pan
glal

Tesl

factr

l f  I  l n ; r i n o  F l . h .  f  .  l l : l - .



a

F ig  4 .  The  mos !  r a r l oDa l  sche rnes  ro r connec l i ng  rhe  EF I  -  1 ,1 :  -
l ev€  l s .

a )  i n  one  l evc l ;  b )  i n  rwo

The !empera !ure  can a lso  bc  cor l ro l led  manua l ly  w i th  the  appara !us .

" " "  
^ - I -n "  fnn" t  : ' oo 'y  

o f  the  appar . r rus  rs  made in  rhe  fo rm o f  a  recrhas  acces \  to  the  fuses  and rhe  re rmrnars  o l  the  3g  v  t rans fornrc r  n , r ' " t ' ' " '  
we lded f rame Thc  f fonr  o f  th€  un i t

fhe  her r ing  eremenrs  o f  the  
'  

t x te r .a l  vLc \ r  o f  e  un l t  l r  shown jn  l i l g  2 '
conducror  \ i rh  a  d ia rnerer . , ,  ,  n . t j t , , t l . : ] : ,made.nr  

lhe  fo rnr  o f  meta l  f rames (F i t  3 ) ,  !o  whrch  a  posKhv s ree l
sawdus l  a i rd  g . r t r ,  

" " " ,  
, i "  

" ; ; r "  
j , t  

l s  a l tached A l te rna tc  spec inA o f , the  .ondr . r i r  
" , , : ; ; ;  

; ; ; ; ; ,n  r rJar ,ng  nr  tn "
nectrn! rhe iree end of ,n" 

""-,;J: ' i , :: i l ' i , :t 
tn" bnx on" 

"u'i 
of the cotducror 

" 
r,, i, ," , ,.r. ' ,,r,, ,* ." ,

thc  apoara tus  js  des ig |ed  fo r  heat ing  boxes  o f  s tandard  s jze  0engrh  6 j0  rn rn ,  .n , id lh  480 mm.  andherg t l r000 jnm)l t  1 . . .  . i , . e  I o r  l r d t . l . \ a r r o  _
co r l r cc l ed  b '  r e rm ina l5  * , , no r ,  

" oo , , l ' ] i ,  
^ l o l es  

a re  a r ranSed  i n  g roups  such  rha r  r he  hea r i ng  c remen !s  i n  r he rn  can  beInoua l  coDduc to rs  The  rnos t  succe
A  gap  i s  l e f r  be rween  rhe  l ev r

be  con t f o i r e i r  
r r s  sc  t ha !  r he  mo is tu re  con ten t  o f , : s s fu l  

a r rausemenrs  a re  shown  i n  F lg  I

ne sa\"/dLlst and the stare of rhe grafts can

Th j s  new .  e l ec t f i ca l  me thod
Pard jng  rhe  p roduc r j o l l  o f  g ra f reu
S f a p e  s e e d l i n g s .

I n  1 9 { j . 1  r h e s f  d e !  r c e s
T e s l i l t g  S t a a l o n s

,,],::::1.,]1 
"1,1:" 

of grape grafrs wirh rhe fFr_14 o])ens grear possibil ir ies ror ex_p la i r r ln t  n ta !e r ja l .  jnc rea tes  thc  qua l i t y  o f  g ra f ts ,  and reduces  the  cos t  o i

succ€ rs ! JL l l l \  l assc . i  t l l e  s ra t l : r  r r \ i !  a r  r he  l 4o ldav ian  and  Geo rg ian  S ta te  Mach ine

, ^ ^ -  
t , n "  e x p e n m e n l a j  p j a n l  o f  t n . :  l r l ! . r j t L t i {  o J  _ { i r l l l c r i  i ) l l L : t r j ,  r t c a d (l a c l u l e d  a  b a r c h  o f  F F l . l . 1 s  l o r  r u r . c . . , t ,  r r  i : . , l l : r ' i :  i ,  .  r r , !  , r , . , , .  

t ' n ' , t  o l s c j e n c e s .  r l o l d a v i a r  s s R ,  m a n u
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