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(i)

On a fait une etu~p. du devenir et de 1a r~wonence 0U fpni-

h " '" 14 1" p - " "" "trot 10n f"IarqlL au C , apo l.C1U en serre a es SPT'"l.S P. SnO~ns

haumiers, n'~pinettes blanches At ne Dins qrjs ne 4 ans.

secticide a disPn't"u raoiClement rle 1a surfAce nu tissu np.,,>

J,lin-

coniferes alors que les rpsiclus ah~orbps ant f>tl' 01115 r.pmanp.nts.

L'absorption et 1a T.pmanence ptaient directe~p.nt rp.li0p's p~tre

elles et etaient olus ~lev~ps pour Ie Din, l'~pinette et le

sapin selon un or~re croissant. One !Sturie in vitro e.f"fectu';e

sur des surfaces ~e verre a nemontrA que la disoarition rapi~e

du pe.c;ticicle titait nroDablement flue a la volatilisation. r,rt

chromatographie sur cauche mince des ?roduits cl·extr.~ction

des conife(['es a confirrn.8 ce rneC"'l.nifime ne di!';!';ipation Pllisqm':

les mptabolite~ cycliques mar~ue~ ptaipnt prpsents Dour la

plupart en quantit~s infimes (traces).

Ge tra9~qe autor~aiogrnPhique a rpv~l~ la tennapcp nu

fpnitrothion c14 a se transporter dp. faGon acrooAte O<'lns Ie

feui llage du sapin et, a un neqrr J'loino,re, oe l' t"ninet te.

L'histoautoradioqraphie a contirmf' que CP ohf-'nofflRnp Sf"! pr0-

duisai t par les vaisseaux !iu xv] p.rnp • nn ~ conel u 'we e0~

rC::sultats confirmaient I' aoti tune ii sprv~ r nu f~ni trnt:h i on

d'insf'cticide endothi'rapifluP CQntn~ 1<'1 tOrnpusp' ~0q hnurQ00nS

d.e l'foinf'tte.



F~itrothia1, (O, O-oiret.hy1-0- (4-nitro--rrtoly1) -f.lho::;ohorothj..~te)

has been used sinoo 1~67 in vlace o'f Dm' *:or operational cx:ntr.o1 of 1epi

C1~terous def,.,!iator:-; in ran~ii3Tl foref;tc;. Roo,' 197'), serre 11 Mill im hect..iltt"'1

(,2 fT'i1licn ac:res) of forest h~o ~n ~~raye(l at nn averilqe rab':> o~ "'.;:!B

kg,lha (4 0Z/acrcl in an attrmpt to CfJI"ltrol the sprum budl·'O:rJTl., Choristoneura

fwnifer'ana (Clerrens) (Roberts, 1975). ·Initia1 f.ieln inVBstiq;'ltims ha\.IP.

nefl'DlStrateO rnpirl dissipation of fp.nitrothion from conifers, h("'~JE>ver,

Yule an(~ Duffy (1972) ooscrvrrl 1'1' ot" the r:nterial to p"'rsi.!Jt at. 1p.~c;t ~

mcrrths after the c:;prRy. recent evirEn~ llVUe.-'1ted tilClt this fl""rsi!{tent

resirlue accurDJ..1ated in reI c;.am fir folia~ in T?rc'9"rtim tn tl~ nUJ't:-er of

""F'Plicatioos and total n~aqP- of fenitrothim <=elivpren (Yule, 1974). Ou,="

previa.lS investigatinn ("hJdy et al, 1975) Oero1l'itratecl. t~at voL-.tilizatiOl1

tia:; ma.inly re~sible for the initial ranin dissi~"1ti()J1 of ff"f'litrotlU.on

frCITI foliar surfaces of baLqron 'fir, (Abies balsamea (T .• ) 'till.) ane1 ·.nit~

sp11..Ce, (Pi (!ea r;lauC'a (r-\'::F'nC'h) '!oss) arrJl,l1fl W10er nreen1;()u're romli tionc:;.

loJi. tho the <;);'stP.mic }X>tential of fpni t.rr'Ithioo in fir.

I'l'1'lE" present sttrly wa<:: CCIlrltlCt:eO \o'iV1 ('14 - liUx>ll<Vl f("..nitrot~iron

to further inW!StiqA.tr> the rretahnlic fam, persj~tenO'" ilI1.~ trron-:;loc.::ttion of

fenitrothioo in bal.c;am fir, 1....ru.m 5prua:" ;md .lad- Dl.Jle (P7.°nur. bankshma {rant.,).

'T1le in vitro cxoerim?nt nescriJv~n in aIr pwviou.~ -;b1cty tv".:; TT"fX>?ltP-<l 1<1ith 2/1
fenitrothim 01 glass CXNer c;1ips. 'lle n~srmt study tcol' mVMti'\<IP l")f b:l<;ir

ri'lmntracer rrethot'lolOC]Y (liquid ~cintillatim ("Ountinq (TPC') .:md autorailiOQTadly)

rrrapiric (CY") ;mil]YSt"'s, i'ln0 to fnrtJIf't" f"'l]u ..irlatp tJ1t:,:" rrdli'U1i~!"" inv01V1'""'n ,.lj t-.il

p:~ticide translncatiO'l in crni f0r<'i.
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/'JI.;rF,PIJlIS 1'Nll I1F'JFfl1"

(1) C\llture of Tree ~9"

Pour year old seedlings of balsam fir, '.I:lhi te SpI.1JCe;, and Jack pine

were collected in the auturm of 1975 fran the Oltario p.tinistry of o,latural Pe~.ourcP.~

nursery at Kenptville, Cl1tario. 'Th.ese were held in the ~..nhouse fOor npnrox.ir!\.iteJy

two JTD1t'ln tmtil the current buds harl flu"ihErl out. Six ~i'l.lthy s~il"l'Cns of'

each of the three species were selecterl anfl set up ~n an an:><-1 f"!ncl cr,erl hy 1')1C\~

tic fiheeting. fuvirmrrental ronrti.tions were adjusted to 22°C, 5n~ reliltive

htJl'lidity, and a 12 hour photq::erioo supplied hy floore5reI1t "o<\yli<j1t" tubes

(, 200 lux).

(2) Olemi.cals and Solvents

d..4 - ring larel1ed iEnitrothi01 (SPecific activity 10 PCi/rwoll

by Dr. P.. D.lffy (lrowrsity of Prince Edward Islnml). Purity was crT!f"i!'T'i"efl by

liquid scintillation e..t:lUIltina eIFe) ann thin layer dlrcrnatoqr:'lP'ty ('T7.['). ~

solvents used for extractirn. were glans rU.stilled. ". sirrulaten fiplrl fomu

lation \'lao:; preI?Clred with 10% ~4 - fp.nitrothion, l~ Atloy. 3409, H: l\rOtex 1470,

and a8¥- clintillerl water (v/v). '1l1is emulsicn vIas rliluted prior to appJic'lt.ion

so that thf> final -'\ctivi ty '"-'O.11d he 7. f. loCi/JT'l1. the q:>ti..J'ral ancent.r.aticn

•
(::200 ppn) established by our previous in~5tigatiC1l.

(3) ~thod of 1reabrent

(a) In Vivo Plant Study

'Ihree J"P.plicate~ of each of the three exni fer species were

enployed for LSC ooterminatiCTl of pen:ti~tcnce. F'OU' hranches (pP.r t:ree) 'ere

aP...lected, and 0.5 rnl of the d-4
- fenitrothion forPUlation (7.t' ltf'i/",l) was

carefully applied \ld.th tllE' aiel of ;] ]mn (lIft") brush (r:rurbacf1r>r # 4116) in

an attcJTPt to d)t;lin Ilnj form COVPT<1.C/C. 'rh~ replica'tPs of ('''ch sfX'cif's
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were also usa:l for autorOOiographic (AR) detectioo of the labelled

pesticide. For this purpose, three branches (per tree) were selected

and the fo.rnulaticn (7.6 "Ci./ml.laS applied by painting 2.5 to 5 an (1"-2") sectim'

of either the newly flushed foliage, the older foliage or the bark tissue.

This AR study was set up to detennine whether the major directioo of

pesticide translocatioo was acropetal or basipetal. Plastic sheeting was

used to cover the soil in the pots to pr.evrnt contamination.

(b) In Vitro Glass Surface Study

Fifty \.It of an acetrne solutirn of 2 4
- fenitrothicn (= 5 X 104

dpn) were awlied to each of 30 circular glass cover slips (Corning t 1,

18 rrm) held in scintillatioo vial caps. Half of the caps ....ere placed in

a ligbt-proof cardboard box. The remainder were placed on tcp of the box

which was left in the gr~, exposed to the same envi..rorrnental

oonditicns specified previously.

(4) Sanpl:in:J and Extraction Procedure

Separate samples of newly flushed foliage (N.F.), old foliage

(O.F.) an:l stan tissue (S.T.), were taken at 1, 3, 7 and 21 day intervals

for r.s: analysis. These v..'ere individually weighed, placed in plastic

"roll-top" bags and frozen in liquid nitrogen prior to being stored at

-70°C. '!he extracticrt procaJ.ure followed that used previOlSly (M:x:dy et ill

1915) except that the cleanup procErlure was onitted. Each coni fer tissue

"""PIe (1-5 g) was placed in a sintered glass ftmnel and filtered by

vaCUlItl with 200 ml of ethyl acetate. The extract was ex>ncentrated to near

dryness in a rotary evaPJrator OSoe) a.n1 then brought up to 10 ml with acet<Tlf'"

for analysis. 'L'he tissue was then extractoo. twice with ethyl acetate (l00

ml each time) in il p::>lytroo sonicator (nroel - 1020) and the carbined

extracts ~re filteroo. through prerinsed Celite 545, concentrated, and

brought up to 10 ml with acet.cne prior to fIJlalysi~.
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Tl>:! trees treated for AR were sanpled after 7, 14 am 21 days.

The entire brand1es were individually begged aOO refrigerate:1 at - 70°C.

'!he brand1es taken at 7 and 21 days after treatment were used for gross

autoradicgrap,y "*rile the 14 day saTl\'les were used for histoautoradiography.

ihe glass cover slips were sampled at 1, 3, 7, 14 and 21 days.

Three replicates were taken en each sarpling date fran both the light and

the dark conchtions.

(5) Analytical Procedure

(a) Liquid SCintillation Counting ([SC)

All sarrples~ analyserl with a Beckman rs-lOOC liquid scintil

lation counter. FUty j>t aliquots of the plant extracts were dispensed into

Beckman plastic scintillation vials, each oolding 10 ml of Fisher scintiverse

cxx::ktail. All sarrple <XJUl1ts were correct.erl for quenching with the aid of a

"quendl curve" 0JI'lSt.ructed by counting a set of C14 - fenitrothion starrlards

to \>ilich had been a<Hed increasingly greater anotmts of ooniferous extracts.

The percent oounting efficiency was plotted against an external standard ratio Md

the resulting "quench curve" was used to correct for any loss in sample

OOlU1ting efficiency. This simple construction perrnittOO anission of the time

oonsuni.ng "clean-up" prccedure that was necessary in our previous stu:ly

for OC analysis of califer extracts.

The glass oover slips fran the in vitro experiment~ counted

iJlIredi.ately after S«lpliIJ;j simply by inverting the plastic vial caps CNer

scintillatict1 vials fitted with 10 ml of cocktail. '!he caps were scr€\\lErl

on and the vials were shakm vigorously prior to ISC analysis.

(b) Autoradiography (AR)

Gross autoradicgraphy was corx:1ucted following the basic

procedure outlined by Yamaguchi and Crafts (1958). Briefly, this involved
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pressirY;) blotter-paper rrounted coniler branches for 2 days folla-! by

exp:>sUre to Kodak No-SCreen X-ray film for 6 weeks. Histoautaradio:;raphy

was perfm:med followirY;) the rrethod of Prased and M:xxly (1974), and involved

cryostat secticni.ng of the untreaterl tissue fol1cMed by a 2 to 3~ exfX>SUre

to Ka:lak. Nl'B2 liquid arulsion.

(c) Thin Layer Chranategraphy (TLC)

'!be c 14 - plant extracts were run on silica gel TIC plates

(Fisher Rediplates) in a solvent systan of 1:3, ethyl acetate to cyclohexane.

The plates were then exposed for 2 weeks to X-ray film for 2 4 - detection,

or they were sprayed with a steer liver hc:rro:Jenate used for detecting

anticholinesterase activity (Merrloza, at al 1968).

(d) ScarmirY;) Electron Microscopy (SEJ-I)

Balsan fir foliage was gold ooated under vacuun and photographs

were taken of the tissue surface in an AMR-IOOO $EM.

RESULTS

'rable I lists the concentration of fenitrothion in each of the

samples analysed. 'l'he fPIl values were calculated by s.irrple oonversions fran

the dpn (disintegraticn per minute) recorded by rs::, usirY;) the known S.A.

(lOnci.;lmol) of the ooop:>m<l. Each tiSSlE type (N.F., O.F., S.T.) has a vallP

recorded for both the surface wash (W) and the tissue extract (E) which

enabled a l"OI..gh estimation to be made of the levels of surfac::e (cuticular)

and subsurface (subcuticular) residues present*. The percent absorbed

* (be sanple taken 1 d.."ly post trcabnent was washed three ti.me:s before
extraction to detennine the efficiercy of this surface 'Aash methxl.
79% of the total activity was in the first wash, 5% in the secorrl,
2% in the third, an:j 14% was in the final tissue extract.
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. EP" (E)
(% AIlS) was calculated as being equal to rrm(W) + rrm (E) x 100 and the

total ADS is plotted against time for each of the three species in Fig. 1

(i). The total residual fenitrothion (total ppn) was oonverted to percent

reaJVery values which are plotta:1 against ti.ne in Fig. 1 (ii) to illustrate

a persistence curve for the pesticide tlu:oUJh the 21 day sarpl.in;:J ~icrl.

The results of the in vitro experiIrent are plotted in Fig. 2 whidt

daocnstrates the persistence of fenitrothion en glass surfaces under light

an::! dark CXID:litiC<lS. ibe results of the translocatioo studies are depicted

by gross autoradicqraphy in Fig. 3 (i - xviii) and histoautoradiograPlY

(Fig. 4 (i - ix». Fig. 5 (i - iv) sheMs scanning electron micrographs

of balsam fir foliage. Fig. 6 shGls an autoradiograph of a TIC plate

S[X)tted with a balSClYl fir extract.



Table I

LSC: and TIC Analysis of C14-Fenitrothion Treated Conifer Tissues

Tine (Day)

~le 1* 3** 7 21

ppn % AIlS ppn % AIlS ppn % AIlS ppn % AIlS

Fir N.F. (WI 1.42 0.38 0.31 0.21
N.F. (EI 1.17 45.2 0.99(A)'" 72.3 2.03(A) 86.8 1.55 (A) 88.1
O.F. (W) 2.10 2.22 0.55 0.25
O.F. (E) 0.44 17.3 0.82 27.0 1.37 71.4 0.67 72.8
ST. (W) 2.82 1.40 1.24 0.85
ST. (E) 0.77 21.5 0.83 37.2 0.75 37.7 0.95 52.8

Average 2.91 28.0 2.21 45.5 2.08 65.3 1.49 71.2

Spruce N.F. (W) 1.16 0.48 0.24 0.05
N.F. (EI 0.25 17.7 0.63(A) 56.8 0.47(A) 66.2 0.32(A) 86.5
O.F. (W) 3.06 1. 70 0.40 0.22 -O.F. (E) 0.52 14.5 0.66 28.0 0.86 68.3 0.37 62.7
ST. (W) 1.47 1.15 0.78 0.52
ST. (E) 0.22 13.0 0.72 38.5 0.88 53.0 0.86 62.3

Average 2.23 15.1 1. 78 41.1 1.21 62.5 0.78 70.5

Pine N.F. (W) 2.09 0.65 0.26 0.26
N.F. (E) 0.58 21. 7 0.50 43.5 0.42 61.8 0.24 48.0
O.F. (WI 0.53 0.29 0.13 0.08
O.F. (EI 0.12 18.5 0.10 25.6 0.06 31.6 0.06 42.9
ST. (W) 2.05 1.19 0.47 0.25
ST. (E) 1.06 34.1 0.72 37.7 0.46 49.5 0.54 68.4

Average 2.14 24.8 1.15 35.6 0.60 47.6 0.48 53.1

• All extracts gave a spot (Rf, 0.52) on the ru::: autoradiogralils which corresponded to that cbtained for
the standard C14-fenitrothion. 'l11is spot exhibiteCI. anitcholinesterase activity after spraying with
the liver spray harogenate described by Mendoza (1972)... All extracts exclusive of the 1 day samples (Le. 3, 7 and 21 day samples) gave a faint spot at the
origin (Rf; 0) which was not toxic to the liver hcm:qenate.

••• M. non-toxic, C14-rreta.b::;llite was detected by TI.C in extracts denoted by (A) which had an RRf of 0.21.
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Fig. 3 (il Above left, pressed tissue, and arove right, autoradiograph of balsam fir sanpled 7 days after
treatment of young foliage with C14-fenitrothion. N:lte evidence of acrClJ:etal translocation to
the Y01.lN3 foliage as well as sore basipetal mJvanent. Arrow denotes attachment site of
treated tissue (TR).
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Fig. 3 (ii) Above left, pressed tissue., and above right autoradi~aph of balsam fir sampled 7 days after
treatrrent of old foliage with C14-fenitrothion. N:>te evidence of acropetal translocation to
the young foliage. ArrCM denotes attachment site of treated tissue (TR).
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Pig. 3 (iii) Above left, pressed tissue, and above right autoradiograph of balsam fir sampled 7 days after
treatment of stems with C14-fenitrothion. Note evidence of acropetal translocation to the
young foliage. ArrcM denotes attachrrent site of treated tissue (TR).
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Fig. 3 (ivl AbJve left, pressed tissue, and~ right autoradiograph of balsam fir sarrpled 21 days after
treatrrent of young foliage with C 4-fenitrothion. Note evidence of basipetal translocation,
with subsequent acopetal translocation and persistence in the young foliage. AJ:r:cM denotes
attaclment site of treated tissue (TR).
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Fig. 3 (vi Above left, pressed tissue, and al::ove right autoradiograph of balsam fir sarrpled 21 days after
treat::mant of old foliage with C14-fenitrothion. Note evidenCE of acropetal translocation to the
young foliage. ArrcM denotes attachrrent site of treated tissue (TR).
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Fig. 3 (vi) Above left, pressed tiss~, and above right aUbOradiograph of balsam fir sampled 21 days after
treatment of stem with C -fenitrothion. Note evidence of ac~tal translocation to the young
foliage. Arrc1N denotes attach.rrent site of treated tissue (TR).
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Fig. 3 (vii)
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Above left, pressed tissue, and above right autoradiograph of white spruce sanpled 7 days after
treatrrent of young foliage with C1Lfenitrothion. N:Jte absence of any major translocation.
ArrcM denotes attachrrent site of treated tissue (TR).
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t'ig. 3 (viii) A1x>ve left, pressed tissue{ and above right autoradiograpl} of white spruce sarrpled 7 days after
treatment of old foliage Wlth Cl4-fenitrbthion. N:lte eVldence of only minor acropetal
translocation to the young foliage. ArrON denotes attachrrent site of treated tissue (TR).
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Hg. 3 (1.X) AOOve left, pressed tissue and above right, autoradiograph of white spruce sarrpled 7 days after
treatment of stan with C14-fenitrothion. rbte absence of any major translocation. ArrCM deootes
attactrrent site of treated tissue (TR).
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Fig. 3 (x) Above left, pressed tissue, and above right autoradiograph of white spruce sampled 21 days after
treatment with C14-fenitrothion. Note evidence of basipetal translocation. Arrow denotes
attachrrent site of treated tissue (TR).
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Fig. 3 (xi) Alx>ve left, pressed tissue and atove right autoradiograph of white spruCE! sarrpled 21 days after
treatrrent of old foliage with C14-fenitrothion. Note evidence of saTe acropetal translocation.
Arrc1w denotes attaclrrent site of treated tissue (TR).
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Fiq. 3 (xii) AOOve left, pressed tissue, and a1:x::>ve right autoradiograph of white spruce sarrpled 21 days
after treatrrent of stem with C14-fenitrothion. Note evidence of sare acropetal translocation.
MrcM denotes attachnent site of treated tissue (TR).



'"w

•

.~...

. ""
~

•

T~,'}'''::
,,!,~ I.,:,
'h IF#
... (/.;1/

,'\ I"
~~/!,l ..

, ',\t."

.~~
Fig. 3 (xiii) Al:ove left, pressed tissue, and above right autoradiograph of Jack pine sarrpled 7 days after

treaterrent of young foliage with C14-fenitrothion. Note absence of any major translocation •
AJ:'ra.l denotes attaclTnent site of treated tissue ('l'R).
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't;'i:;. 3 (xiv) Above left, pressed tissue, and abJve right autoradiograph of Jack. pine sampled 7 days after
treabnent of old foliage ~vith C14-fenitrothion. Note absence of any major translocation. Arrcw
denotes attaclnrent site of treated tissue (TR).
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Fig. 3 ~xv} Al::ove left, pressed tissue, and above right autoradiograph of Jack pine sanpled 7 days after
treat:Irent of stem with C14-fenitrothion. Note absence of any major translocation. A.rrc:M
denotes attaclurent site of treated tissue (TR).
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Fig. 3 (xvi) Above left, pressed tissue, and~ right autoradio:;rraph of Jack pine sanpled 21 days after
treatment of young foliage with c 4-fenitrothion. Note absence of any major translocation.
ArrcM denotes attactrnent site of treated tissue (TR).
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AOOve left, pressed tissue and arove right autoradiograph of Jack pine sampled 21 days after
treatrrent of old foliage with C14-fenitrothion. l'bte absence of any major translocation.
&rCM denotes attachment site of treated tissue (TR).
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Fig 3 (xviii) Above left, pressed tissue, and aJ:x:!ve right autoradi~ad1Of ~Tack pine sarrPled 21 days after
treatrrent of stem with ('14-fenitrothion. Note absence of any rrajor translocatioo. .b"rrO.N
deootes attach1rent site of treated. tissue ("T'R).
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fig. 4. Translocation of C14 - Fenitrothirn in balsam fir (histoautoradiography)

•

( i Cross section of balsam fir
yoong foliage sh<7<li.ng C14
activity in a vascular systP.rn.
(x 1,000)

(ii) Cross section at: balsfi fir
old foliagP. shCMing C
activity in vascular system..
(x 1,000)

(iii) Cross section of balsam fir
stem shOl.·ting C14 activity in
X}"lern \'E!ssels. (x 1, 000)
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fig. 4. Translocation of C14 - fenitrothion in white spruce (histoautoradiD;1raphy)

(ivl Cross section of ".pite spruce
yomg folia~ showincr C14
3Ctivity in mesophyU. (x 1,000)

(v) cross sec:tion of white spruce
old foliage shO\.-dng 1-14 activity
in vascular system. (x 1,000)

(vi) Cross secticn of white spruce
stem showing C14 activity
in xylerT1. vessels. (x 1,000)



fig. 0;,. Translocation of e 14 - fenitrotl1.ion in Jack pine (histoautoradiography)

:vi.i) Cross section of Jack pine
younq foliaqe shewing c:14
activity in vascular system.
(x 1,OOf'l)

(viii) Cros!'; sectim of Jack pine
old foliage sha-ri..ng en
activity in vascular sy!'lte'n.
(x 1,Q()O)

(ix) Cro~s section of Jack cine
stem shCMing C14 activity
in outfo...r xylem vessels.
(x 1,000)



Fig. 5. SCarming electron micrcgraphs

i) tJ1:fer surfaoo of a l:AlRaJT\ fir needle
(x 5,0(0) shCMinq surfaCE Cl.epcsit
of epicuticular wax.

Fiq. 5 (ii) Cross section of a balsam fir needle
(x 1,000).



Fi9. 5. Scanning electron micrcgraphs

(iii) !.cMer surface of balsam fir. neP.dle
(x 500) showinq atanata rovered
hI' \'laX de~its.

Fig. 5 (iv) I..c:Mer RUrface of balsam fir
nee:lle (x 2,000) showing the
wax deposit coverinq one storra.
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-i". 6 'ttlin layer chrorMtoc:rraohy (TLC) autoradiograJ:h of TLC plate spottErl \'.lith extract of balsam fir
younq foliage sarro1ec1 after 21 days. F - fenitrotl-tion. A - \Dlknrnm rretabo11te; a - origin.
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DISCU:;!1IC'N

Our previou.~ in~stigatioo (rkx:>dy et aI, 1975) r:leTTOnStr."terl

rapid lees of fenitrothirn fXQ'll conifers held in the green.'1ouc:;e. "1-t.e

present stLrly was ansist:ent with the earlier results as c;ro,n by the pp..r-

calt recx::JVety data plotted in Fig. 1 (ii) whim CerTcnstrates tl-Iat fifJ-7n,

of the appliP.il fenitrothioo had been lrst cne day aftp.r the treflt:rrent.

glilSS surfaces under both carlitirns of light i'lI1d darl:. '!he ooserved

lag in rate of dissipaticn in the dark wan also apParPnt in 0Jr previous

in vitro stu:1y with "oold" (unlabelled) fenitJ:Tlthion. 'Jhis OOserv"lticn

TTlo3.y be due to the thennal effect of the irrpinging liqht \.midl \<'O..llri

increase the rate of volatilizatioo of the pesticide. ~ince tl-J.e presp..nt

data t.,rp..re ohtai.ned by JTT'I1.itorinq of total rl4
activity, tfle oI::>servP.r'I 105~

of activity with tire would precltrle the rossibility of large sCi"le

degradatim via rretaboli te fornatioo, sin~ any netn.l:olit'3' p->~:.Sessinq t'lP.

2 4-rina rroiety ~d Rtill ':;P- detect.&'. 'l11is noint is c;.igni.ficant 13ince

the r:r rretJl<X101ogy used previously for mtection of "cold" -f"eni trothion

wa'3 not Bf!!lsitive to serre of the lTnre polar matahol i te!'>. 'The 'T'Jr c1"trl,

f l' li .(Table 1) sho..e:i mly trace aJTOJnts 0 C I'fli't..""l.'x:l tes prnsent 1n rnst of

the cxnifer extracts. 'Ihis is further evidence for postulatinq a volatili-

zatioo-dis5ipa.ticn flY:!d1anil'.>Ill to explain the rapid disapoearanCf' of" t:h0 P1sti

cine. ~ nreferf-'Iltial localizatim of the'! r I4-rretaJ1c'1lit.e (l\) in tJe yr:>t1ng

.folinge extracts of fir ann sprtlCP might r-e explirl.nm by t ....,.. I)ioh l""P-tahQlic

activity of this tiscrue (I.i.nsJ..-..ens et nl, IC)f}l:)) nlthr.uqh it f"limt also hilVP

been fornv:d clsewtere and t'lcrl transpcrtPd acropetally. 'r1e li'ltter
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eY.[Jlanatioo seem:; to be the mJre prchable as wiLl t-..e dil':CU.~~ lilter.

'!he data show a eli rect relatimshit~ betwe!P.n the aJ'I"OU1t of

pesticirte ah;or!Jed (Fig. 1 (i» and the all<Ult persiRting ("iq. 1 (ii»

in the o::nifer tissue, since su~ssively greater absorr>tioo .....ac; rratdled

by increasing persistenre in pine, spruce and fir. 'J1lis aJu!iI be

explai..ne<" by the rore persist:Pnt na'b..1l:'P. of absorbe<:1 reSil'1oo5 since

oolubilizaticn in pla'1t~ and rols would tenrl to :retard vol"tilizflticn

of these residues (spenrer et- al, 1973).

')he SE)ol' ~crograt.=hs (Fiq. 5 (i-iv» illustratP. t1le PrP.S€l1CC of"

thick deposit of epieuticular ",'ax present 00 ttle sur.~ace of oolsam fir

foliage. Yule and Duffy (1972) speculaterl that thP. lI1tlSUal PF'JF;is~

of fenitrothicn m cenifer foliage could he attributed to solubilization

in these Naxes, l\tlere the re3idue \\uuld 1:c protected frorr. JTlysiC"..aJ

]oss resultino fl"aTl leachinq and mlatilizatioo. n~~r, 'T'ahl~ 1 sho·""

th3t the persistent residues were l'Minly pn-.sent in ~ tissoo extracts

and not in the surface \.-Iashes which ccntained ITUdl of the epicuti cular

"Icl)(E:S. It 5f'el'!'S nore likely then, th..",t ~ persiste1t resich:es are

lClCated at sam suJx:uticular level, rnising tlle possihilitv nf their

being trAnSlocated systematically.

It is evident frar Tilble 1 that the greater. pcrRi~t.PnCE' of f"eni

trothion in fir after 2] days W('t.c; J1'ai.nly dlE to thp him l~ve)<; preSf"'nt

in the yoonq foli~ extracts. '!his ~areI1Ol INac; ~lso no~. in our previ.ous

report (ttxxly ~ al, 1975) which raised tPe hyoothesis thi'lt fenitrothion

could penetrate. the tissue and he translocated acropetally to the YOllf1('J fir

foliaqe. 'This; c; in f~ t1lP ('"i'l$f> af'; sha·;n hy t'lP qzoss ~ut-.nr.=rlioqranhs

gi~ in Fiq. 1 (i-xviii). l'lt.!lCUgll c:;crY'l>o'\.c;ipetaJ tranSfY)rt is a~t
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(Fig. 3 (i» the major route of translocation is acrcpetal, fran the

old to the newly developing foliage (Fig. 3 (v». fotJverrent was less

apparent in spruce than in fir and was practicnlly negligible in pine.

The presence of the C14-meta1x>lite (A) in the young foliage extracts

of fir arrl spruce: but not in pine, may be further evidence of acropetal

translocation. 'I1le reason for these spec:ies related differences,

whether resulting fran differences ll1 needle rrorphology, degree of

cutinization etc. renains to be detennined. ~, treir observatioo

in b.O separate lal:x:>ratory studies by the authors, as \o\ell as in various

field stooies (Yule am Duffy, 1972; Ha.-lSe et aI, 1971) necessitates

further, detailed investigations. The ability of fenitrothion to

translocate aCrq:Etally in balsam fir, and to a minor extent in the

other species, raises the [X>SSwlity of a systemic IX>tential for this

pesticide. 'lhe spruce l::lu&o.orrr. clways attacks the newly fll..lShP.d

foliage of oon.:..fers, and the ability of t-..he pesticide to be: transported

to this tissue, ani to {:eIsist there in a biologically toxic state \lK)uld

be rrost advantageous for budNonn oontrol.

Future research should incoqx:>ra te further investigation of the:

nechanisns involved in the translocation of this pesticide. 'Il1e results

given for tiE histoautDradiogra(;by (Fig. 4 (i-ix) daronstrated that the

najor transpJrt was apqJlastic, Le. via the xylem vessels. Ha,.,oever,

rrore research is needed. to determine the rate limiting factors governing

this process so that the observed species related differences for fir,

spruce: and pir£! rould te bett..er understocx:L sare endeavour should also

I.Jeo rrade to detennine whether lOCldification of the spray forntllation or

time arrl rrettDd of awlicaLion cnu]il take advantage of the mechanism

q:erating in fir, or activate thle; na:hanign in spruc:e and pine.
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lIJl investigation loIaS carried out to cEterTrd..nP. the fate ani

persistence of 2 4-labelled feni trothirn. ~lied to foor Veflr 01n. ~i.nqs

of balsam fir, "rote spruce, and Jad~ ~ine reId in t"P greenlx>uc:;e. 'The

insecticide: disa~ared rapidly from the surface of o:::ni fer tiS8lP.; \#I_i.le

the absorbed residues ~re nore r-ersistent. Greater aboorotirn of ~ ,-esti

ci.de \-.rag coupled with increa<:>ing ~rsi!'>tence in pine, !;J?ru:;:,:> anci fix. l\n

in vitro stl.¥!ly carried oot en gla'3s surfr'lces dem:nstroted that rapid clisap

pear;:mce of the pesticide was prd:>ably ~~ to volatilizati.cn. 'rIl' rtrv'l.1y!'>is

of the anifer extracts was calsistent with this dissipation ned1aniSI!t since

C_ 14_ ring rretabolites '-ere present for the rrost part only in trare arrounts.

Autoradiogr~c tracing !'>tooies denDn,;trated the ahility of (""t4_

:fenitrothirn. to be translocated acropetally into thA: Yc:ulq foliage of fir,

and to a les::;er extent in spruce. '!hat t.h.is tc:dt-. place via t'1e xyleTl' mssp.lc;

(aIXJPlastically) wa~ confirrred by histoautor;rlioqr~y. 'these ~sultc; I'~re

taken as evidence for the RyStemic p:>t::ential o-f fenitrotJ.ion for budworTn

centrol.

'Ihe authors are 1nO:=mt:P.d tn Drs. J.~. ""cleo;l (J.~) una J. '~'!eill

(laval University) for their co--q:eration and to the T.:::tuf'IOI'1tian Fore!'itry

~search centre for financial assistance. n'!: aJ.g) wi.s!' to th:m~ Il:r". r:.fT.
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