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RATES, \IETHOOS. A~D PERSISTE:\CE OF L\SECTICIDES 
lJSED FOR PRE\"E:\TL\G CARROT \L\.GGOT DA\IAGE' 

D. G . FI N LA YSON , M. J . BROWN. C . J . CAMP BELL A :-.JO I. H. WILLI AMS 

A BST RA CT 

Fourteen ca rbamate a nd organophosp horus insec ticides for preventing 
damage by ca rrot maggot. Psila ros a e (Fab .). were a pplied as gra nules in t he 
seed fur row a t 2 locat ions in mu ck soil. and supplemented with 2. 3, 4. or 8 
sp rays of t he same mate ria ls during the seaso n. T he sp ray applica t ions we re 
made a t 40 a nd 70 days afte r seeding; 30, 50, and 70 days; 30. 50. 70, and 90 
days; 40 , 70 , a nd 100 days. O iazi non, the currently recommended treatment. 
was a pplied 8 t imes a t lO·day interva ls from 30 to LOO days. All t he g ra nules 
except chlorfenvin fos a nd ethi on red uced the numbe r of emergent seedlings. 
T he reduction was 40';; in plots trea ted with diaz inon. thionaz in , C hemagro 
7375 , Nemacur , pirimiphos· met hy l, and TO·8550. Maggot da mage was neg· 
lig ible unt il 100 days a ft er seed ing. but by 160 days onl y plot s trea ted wit h 
ca rbofura n , fensulfothi on. ethion a nd 3 of the numhered compounds had less 
tha n 20 ';, da mage. R esidues of pes ti cides in t he carrots ra nged from 0.1 2 ppm 
of ethion 30 days a fter the fina l a pplica tion. to 1.28 ppm of t hionazin 10 days 
a fte r. Residues in car rots held in storage at 5°C for 30. 60, a nd 90 days , 
increased wit h the pe riod o f sto rage . except t hose from plot s treated wit h 
chlo rfenvinphos. 

I~TRODUCTrON 

Wh pn stra in s of carrot ru st fly. Psila r () Si/(' 

IF a b. I. lH'ca m e r es is ta n t to o rganochlorin e 
inseelic ic1 ps. expe rim enl s wpre conclu cl('d a ft e r 
]<)61 to d e te rmin e ITlf' lh o cl s and ral es o r ap' 
pli catio n s of in spc lic id es whi c h wo uld pr pvpnt 
dam ag e by Ih e ru s l fly maggol ye l produ ce 
carrots fr ee o f f(' s idups. From 1 <)() I 10 I l) (d 
promisin g ca rbamate a nd o rganoph osp ho ru s 
in sectic id ps ,\'I' re applipcl al va riou s raI l'S in th e 
seed furro\\" . . "\J" o n p wa s r t' r !-' i !" t f' l1t (" n o ll ~ h tn 

preve nt clanuq,!p for 1l10rp th a n a r-; in glp 

ge ne rati o n IFinlayson p / <II .. 1<)(,41 . Furlh (' r 
eXfJ{'rim (' nl s I Finlayson (' / ill .. 1<)('(>1 showl'd 
thaI dam ag~ could 1)(' redu el'd belo\\' .")', if 
furr ow appli ca ti o ns '\'t' n ' s upple m ent ed by 
clre nc1ws. bUI th e m e th od us ually res ult <'C1 111 

res idlH's in th e carrot s a l har v(' s l IFinla yson (' / 
<II .. 1() i ()I . TIlf' only in secticid e whic h 
protec ted Ih e carrol s from damag p wilhoul 
leavin g residues (n excpss of es la b li sh pd 
tol eran ce wa s dia 7. in on I Finlayson (' / ill.. 

I <)()Il I. Howevp T. th e need 10 s pra y ('ve ry 10 
clay s from :\0 day s aft er seedin g 10 10 day s 
Iwforp h a rves l mad e Ih e Cos I aim osl 
prohibitive . Expprin1PnlS were conlinll ed wilh 
Ih l' mo st promis in g ('ompollnd s 10 d ple rmin e 
pffee ti v(' m!'lhod s at rpd(l('('{1 raI l'S whic h "">(lId 
lower coS lS and res idll es. Thi s pappr rpport s on 
an expc rinlPnl d es ign!'!1 10 in vt's ligal l' IIH' li SP 

of few c r s pray' at varioll s ppriod s afte r sp('din!!. 

1{ (' .... t·arC'lI ~1;1! 1' 111. ( '; II1:1r b I >t'pt Id :\ ~fl ( 'l d[ llfl' , l ii il)!I .\ \\ ' 

1\1aflllt' I )rr\'l', \ '; IIII ' II \I\ ' ( 'r K. iU ' 

MATERIALS ANU METHODS 

Thp in;;f'c lic idps II sed in Ih e primary and 
second a r y e xpe rimpnl s are lis led alphabplically 
and idc' nlified che mi('ally in Tabl p I . Co mmon 
IwnH's a n ' II sed pxcppt wIH'[(> th ese haH' nol YPI 
b('c 'n a ss ign pd. IK ena!! a a nd Alli son . I l)(,l) I. 

AI Iwo loca tion s in mll ck soil. !!ranlliar 
in s ('ctic ide s at ] o z loxi cant ppr 1000 row·feel 
WPfl' appli ed in Ih l' fllrrow wilh th e seed . 
Carrol s. va r. II i I' a k. W('fP sown al 0 .;:; g pe r :2 0 
f(,p t of TOW with a V·t ll' lt rod·ro w s(,f'd t'r. The 
sPl'd and til(' in spc·tic id r we rf' se parat !'d in th e 
Iw lt hy a fin .. laypr of soil over til{' s!'f'd. In· 
fllrrow a pplic'ations in Ihp prim ary f' x pe rinH'nt 
' H' n' s (( p plpm entcd with :2 . 3 . o r 4 spra ys 
IT a hl !' :1 I at s tagge r('d int e ryal s aft e r st't'ding. 
a l I Ib to xi cant I)(' r aerp p(' r a ppli cation in 100 
!!al wal pr. Th p s('h ('(I((I "s '\'f' rp: 4 0 a nd 70 
day s : :111. ;; 0. and ,0: iJ·O. ,0. 1(10: and :HI .. ')0. 
,0 and !)O. In·furrow a ppli calion s of 1111' 
st'condary pxpl'rimt'nt we rp s lIpplpnH'nl ed :\ 0. 
.')0. and ,II day s aft e r sppdin g. Diaz inon . Ihe 
('((rre' luly n '('ol11I11 PIHI ('d Irealnwnt. wa s applied 
in IllP furTOw al I oz loxi ca nl p(, r 1000 f('('1 and 
spray t' r! 1\ lil11P s al I O·day inle r val s slartin g :30 
day s aft t' r s t' (' din/!. al 10<17. toxicanl f)( ' r a c r!' in 
1110 /!al wal (' r. 

Tn'alm l' nt s in Ih p prim a n " pxpprim pnl wpre 
randomizt'd and r!'plica tl'd fo((r tin"', at t'ac h 
lo( ·alion . Each plot ('on s is lpd of fo ((r :2 0·fool 
TOW S. TrpatnH'nl s in thl' spcondary or Irial 
pXlw rin}('nt wpre randomizpd a nd r!' plicaled 
only I\\·i(' (,. Tht' ('fft'!'\in' lH'ss o f Ih e in s(,l' lic iclps 
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TABLE 1. C hem ical definiti ons of insec t icides used for preventing damage bv ca rro t maggo ts . 

Bux 1 : 4 mixture m- ( l - ethylpropyl )phenyl methylcarbamate 
m- (l- methylbutyl)phenyl methylcarbamate 

carbofuran 2 , 3- dihydro - 2 , 2- dimethyl - 7- benzo furanyl methyl car­
bamat e 

Chemagro 7375 Unknown 

chlorfenvinphos 2- chloro- l - (2 , 4- dichlorophenyl)vinyl diethyl phosphate 

diazinon Q,Q- diethyl Q- (2- isopropyl- 4- methyl - 6- ?yrimidyl) 
phosphorothioate 

ethion Q,Q)Q;Q '-tetraethyl ~,~'-methylenebisphosphorodithioate 

f ensulfothion Q,Q- diethyl Q-E- [ (methylsulfinyl)phenyl J phosphorothioat e 

N- 2596 ~- (E- chlorophenyl) Q- et hyl ethanepho sphonodi thioate 

Nemacur ethyl 4- (methylthio) - m- tolyl isopropylphosphoramidate 

pirimipho s - ethyll 2- die thylamino - 4- met hylpyrimidin- 6- yl diethyl 
phosphorothionate 

pirimipho s - methyl l 2- diethylamino- 4- methylpyrimidin- 6- yl dimethyl 
pho sphorothionat e 

~- (~-methoxycarbonyl- N-methyl carbamoyl-methyl ) 
dimethylphosphonothiolothionate 

thionazin Q,Q- diethyl Q::2- pyrazinyl pho sphorothioat e 

tri chloronate Q- ethyl Q- 2 , If , 5 - trichlorophenyl ethylph osph onothi oate 

'('iwlnie.]! defilliti tllb from PC':-.!iricie Hl':-;earch I{ epnrt I ~J-;-O 
;J I .~ - :U:!. (' Ifrnpi led by (' an. l'tlllllll . I \· ~·qi('idf' L-:-:c Agrinllture. 
01I a \\";1. 

wa s ,,~ se~s ( ' cJ by c o untin g- the nunlbf' r of 

Plll er!!!'nt ,,'pdlings in 2 Ill Ptprs o f row and In­
examinin g sc rubbed carro ts . ha r H's tpd 160 
da ys aft e r sl'l'ding. for m aggot tunn e ls: o n l' o r 
more tunn e ls pe r root ("on stitllt pd a clam agpd 
carrot. 

A t int e n 'a ls of 10 . :lO. a nd .~o day s aft!'r t h p 
fin a l applica tio n fiv l' (' a rrot s we re ta kl' n from 
eac h rf'p li ea t e tr ea t e d with c arhofllran. 
chl orfe rl\'inph os. !'lhio n. fe ns lllfoth ion and 
thion azi n. Th l' ca rrot s wprp was hed and pl acNI 
in fr 07.l'n s torage for analy sis. Large ;,a m p les 
wl'rp al so taken ,~ O d ays a ft e r th e final ap · 
pli cation from th e plot s tr pHted a t 40 . 70 . a nd 
IOO-day s . th e n placed in ope n bag'S in 
refri ge rat io n a t .J ' C. S ub-sa mpl es o f th ese w E' re 
ta kpn a ft e r :\ 0. 60. and <)0 day s refri ge ra tion. 
wa sh ed and p llt int o fro ze n s to rage p rio r to 
an a ly sis to dpterm ilH' th e d fp(·t o f r e fri gprat pd 
' tora g'c o n res idu es. 

TIH' fr oze n sam p l(' s of tr ('alNI and un ­
tn' atr'rt ra rrot s wer e shrcddpd o n a Braun 
:Vl ultim ix. th oro ugh ly int ermixed ancl 5 0 g s ub­
sa m p les w e re a nalysed a s fo llows : 
C/rlo,-/el/I 'il/p/ros. el/riufl al/d l/rio l/ azil/ w ere 
f' xtraeteel with pthyl acPtate foll o win g th e 
procedure o f S toriH'rr an d \V a tt s II <Jo:; I. 
ClPan u p " as by swee p co-di stillation t W atts 
and S tm h e rr II <J6.> 1 1 and analys is was by ga s 
chrom a tography o n a 6 ft co lu mn o f 4 'i. OV 
III I a nd (, 'i; OV 210 usin g a flam e photonlPtric 
d ptec tor in th e phospho ru s mod e . n ecovcries 
from fortifi pd carrot s ,,'e re a s fo llows : 
chl orfp f1\ ' inph ns . 1.0 p p m . 47 ,;, : ('thion. 0.1 
ppm. III r , : and thion az in . 1.0 ppm . H2 <;r . 

Fen slll /o l/riol/ res idu (' s Wprf' determilH'd by th e 
me th o d o f William s (' I a l 11 9 711 usin g fl ame 
photonH' tr ic d!'t cc ti on. 
Ca rillJ/llf'im ana lyses w c rl' mad !' by modifying 
th e m e th od d esc rib ed by Coo k (' I ilL t I <)(,9 1 for 
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corn. Tht' modifications incilHj " d s lIb s titlltion 

of aillmina for i\llIchar-Attacla,' and s ilica 1(p l 

in the cleanllP co illtlln . and tl1(' li SP of a 
Coulson co nd u c tiv ity detector I Co ul so n. I <J(,I! J 

in i;tea d of a tll icrocoll lomPlric det e .. tor. 
Hpco,'eries from fortified ca rrot s at 0 .. :; ppm 

were: carbofuran . 101 ';, and '\-hydoX\­

carbofuran. 101\', . 
TIlt' p"f('('ntagp so lid matt"r in till' fro7.,·n 

shredded earroh after rdrig"ration at ,) C for 
II. :\(1. (iii. alld ')(1 da,'s ,,'as d('tprminpcl 1)\, two 

m,· ti",d " . In thp fir s t. 11111 g "am pie s " 'N e oyen­
dried at 111(1 0 C. a ir ,'oolpd and brought to 

('nn~talll \\t'i~ht at rOOlll tPlllrPratllrf' in a 

d,·si .... ator'l\cr calcium ch lori dp.ln the seco nd. 
:'i g s atll pl,'s ,,'ert' hoi led ill X\ 11'111' and the "atpr 
('(J11,·,·t,·tI ill a Kid"ell and Sterling di s tilling 
n"'pi ",'r 1 11)::!:'i J • 

TABLE 2, Average number of eme rgent carrot seed lings in 1 meters of row a ft er treatment>; to 
prevent damage by car rot maggot s . 

Treatment 

Bux 

carbofuran 

Chemagro 7375 

chlorfenvinphos 

diazi non 

ethion 

f ensulfothion 

N- 2596 

Numb er of 
seedlings 

45 . 0 

51. 0 

22 . 5 

63 . 5 

3i l . 0 

67 . 3 

47 . 0 

i18 . 5 

H ESt LTS A,' D DISCLSSIOi\ 
Sped l in~ pnll:, r~U~IH'(' \\ a~ t1ll sa ti s fal't()r~ for 

tlptPrm inin!! th e ..rfpe!.' of thp ins .... ti .. itl f's Oil 

ti,,' ,.;('('ds at tl,,· Kpnll .. d, lo .. atioll l)PcauS(' a 
laypr of bill(' .. la, which p\ tf'nd " d o \,p r "",'eral 

plots resultpd ill ""1'\' rpstri .. kd !!f'rminatioll. 
Counb wpn' takell olli-' at tl,,' Sprang-pr 

lo .. atioll. Some .. ffe .. ts ar .. re .. ord .. d ill Tahlp ::! . 
Only ch lorff'n,illplltls alld pthioll tr .. atmcnt" 

produ""d as man' sccdlillg-s pN IllIit 1 .. IIg-th o f 

ro" " " ulltr .. "ted plot s . C h emag- rtl ~:\ ~ ,) . 
Npmacur . pirmiphos-nH·t h,1. alld '1'1)-1\,:; ,-,11. a ll 

c\ploratory ('ompounds. had If'S.'; than h a lf th e 

nllml)('r of "'"dling-s found in IIntn'at "t1 plot s . 
S(,pdling Illlmb"r s in th, ' diazill{)ll-trcatcd plot s 

",,'r,' al)t)lIt half those ill IIlltrea u·d plots. a 

di sath'(lntagp 141 it s tlst' s in(',~ it wa s fir st 

rp('omm(,lld .. d. Thiollazin ,'all ,; ,·tI ,; imilar 

rf'dll('tiolls. 

Trea tment 

Nemacur 

pirimipho s - ethyl 

pirimipho s - methyl 

TD- 8550 

thiona ?: i n 

t r i chlo r ona t e 

Untreated 

Number of 
se edlings 

27 . 0 

55 . 0 

29 . 5 

23 . 0 

34 . 8 

56 . 8 

63 . 0 

I)anlagt-> f"O'l1 fir:-;t and SP('o lld gf'flt-'ratioll 

llIa!!!!tlt' " '" allllost Ileglig-ibk 11111 day ,.; after 
,,·,·dill !!. 13,' 1:\11 da,,.; dama!!" "as p"icipnt in 
IInln-alt-·d and diazinoll-tn '<l tpd ('a rrot s a nd at 

lid) days 10';"" ,' ill ,ip ld ,,'pr .. l'yidcllt ITabl,. :\1 . 

(If th,> ill ,;",·t i(' idl·s ill tl,,· primary <'\ I"'rim e nt 

0111- ,·arbofurall. f"llsulfothioll and thitlllHzin 
,,'('r,' ('tlns is t f'll th' "ff('('ti\'(' ill pn','"nting­

damagl', Thrl'1' spr"" ,' at :1,11 . ~II. alld 11111 day s 

apl"' arcd ttl 1)(' th" Iwst ,;(' hcriul(' for prc\,f'nting 

damag(>. III th .. ' '''''"1IIan' p\ pe rim pllt ITabl!' 

'~I all P\t"' IH 'J-~ ,) ')(' and pirimipllO,,-nlPthyl 
(IY!'rag-t'd II, ..... ~ than ~() I, danlagr . C hf' 1l1agro 

7:\ 7,) alld Nf' ma('llr had le,;s than III ', damag-" 
but th"ir f('d l\('tioll of st·,·tllillg " m prg-l'Il C(, nffsp t 

til"ir II sef llirw ss. 

\{"sidIl P allah ,;i, " 'a,; rps t"i('ted ttl th" fi, '(' 
Illtlst dfp('ti,'" in",·,·ticid",.;. TIll' rps lllt , from 

,'a mpl ('s tak"n 10 . :111 . and :; 0 ria, ;; aftPr final 
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TABLE 4. P e rce ntage damage by maggot s t o carrot, a t 160 days a ft e r seed ing. in the sec()ndar~' 

ex pe rime nt, ' 

Treatment Kennedy Farm Surange r Farm 

Chemagro 7375 

N-2596 42.0 

Nemacur 12 . 0 

pirimiphos-ethy1 19.6 

pirimiphos-methy1 68. 0 

TD-8 550 
111 tUl'n,w ;lpp llt':I!\!'tI~ 1,,11"\\1,/1 II.' .\ "'pr:I\ ... ~\ ll . \(1. :llld :-11 d:I\ ... 

;111('1' .., (>t ·d\ll ~ 

trl 'H tIlH' nt. an' s h ow ll in 'I'" hi.· . l. SIIIlIt ' 

rt'dll('liorl of rt·:.;idllt· ol'I'lIrrpd in thi:.; ppr iud . 
probahly a' a r .. s llit of dillltion b~ gro",th. bllt 
in 1ll0;;t tr .. atnll ·nt s it did not dilllini ;;!, I,, ' '" 
llHll"h a:.; ,-)0 ';, . 

I{p,idll'" in ,.;a lllpl", frol11 tl,, · 4 tl-~0 - 100 

.l a , ,,· I,,·d II 1(' of tn 'atnll'nls tak .. n .ill day ,.; aft"r 
th, ' final ap pli .. ation a nd h .. ld at .-, ' C for :\11 . 
1>11. a nd <i0 da,'s. an' gin·n in Tabl .. 1>. 1·: .\(·I·pt 

for tllO ";" trpat " d \\ ith .. hlorfl·n, 'inph.,,; th en' 
wa :-i a ~('Ilt'ral in('r f'a~1' ill thf' rrs icillt' s pf'r IInit 

\\' t'ight O\ '.'r Ihl ' :.;toragt· p .. riod. \X't' a:';s lIlll f'd 

that thi s r .. s lllt, ·d frolll a I .... " of ",alf'r I,,· th, ' 
ca rrot,.; in .'torag", \\' f' ight , of thf' s hn·dd .. d 

sa lllpl" , . o""n-dri"d at 100- C. or df'll\dr a t"d 
by boiling in ,,' Ipn,·. an' , ho",n I Tabl, ' (Ii. It 

apP"ars fr o lll th .. r" s lIlt " that ilion' than Ilat pr 
i,.; n·I11,,"· .. d b, th .. o" 'n-dn' ing nl .. tllOd . Th .. . " , 

r" "; IIIt s an' ""'lIpa rabl .. to tl lO'I' "f Bid",, ·11 and 
:-itt · rling 11<i ~ .-'1 1\'110 di"' lI ss till' al hant ag"s 
and di . ...; ad, alltagl' .... o f ~'a('h 1l1f'lh"d. Frolll th ~· 

tahl ,· it .. an 1)1' "'1'11 that th, ' apl'an'nt in .. rt""" 
in r" , idll" i., a ., .",,·iat .. d \\ ith till' ,·!tang .. "f 

8 .9 

26 .9 

') .7 

U.J 

H.O 

V . J 

\\atl'r l'tlnLf'llt of tht , t'arrot~ dllring s tora~ f'. 

Th, · ",tra "" lid m a tt,' r I"'r IInit wpjght. ," 
d .. t ,·rmi lH'd h~ th l' ,,·I .. n .. lll .. tllOd . nll1g .. d from 
2~.B'· , for "hlorfe n vi l1pho, trf'at,·d ('arrots '0 
:1:\') ';, for thost' tr patt·d ",ith thionazin. TI1(' s(' 
finding s a rt· diff .. r .. nt frol1l tl", ,,,' of R ea d 
III)~IIIII", fOllnd that IIntil appr",imat('ly BII 
da~ , aftl'r plantin g r lltahagas absorlJPd f" n­

slllf"thion. \\hi .. h th"n d"I'f, ·a s .. d at a r(' lativ('II' 

""nstant ratl': and that rt ·" irlll .. , prps"nt a t 
han"" t d,·'·f(·as .. d ql,i"kll' to non-d(·t(', ·tahl(' 

1"",1,.; in " toragl' . :-illl'tt I I "7 I I fOlllld that from 
a . ..; inglt' a pplicatioll at ~ppdillg ('oJll'l'ntrati()ll~ 

ah",,' I pplll ""lIld hI ' I'rt',, ' nt in m a rk l' tabl,> 
.. arrots I ~ -I ,I· ", .. pb aft"r application at 

... ·' ·"ml1l1·IHI .. d ra tl's. 'I'll<' rat ps of IIptak e 

d""lin"d as "arr"t gro",th s l,,\\· .. d a nd s llb· 

""(lII'ntll' th .. alllollnt, of chl"rf"nl'inpllOs. 

diazinnn and fonofn :.; rf'!"iidIiPs III carrots 

l'hang"d "'n littl. ·. 

In th,' l . K . \\'h"atl (' \ 11')711 and 111 

( :' Inada Finla, ,,on "f " L 1 I <i(,(, i ha, .. . , llI)\ln 
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that dama/-!f' from ('arrot ma/-!/-!ot , ('an Iw 
pr('\ (' nt ed by pr cs('('ding application s of 
pes ticid,' s to th e so il. by po st-em (' r/-!('rH'p ap ' 
p li ca ti ons to tlte fo liage. and by combination s 
of tlte two. Re/-!ardlPss o f m ethod tllP carrots 
h a \'e co ntairll'd obj('ctionab le residups a t 

Itarn's!. Tlt e n'sult s of tlti s f'x pe rim ent arf' no 
f'x( ·pp tion. As Ion /-! as .,() days after final ap­
pli (, atioJl. res idu e' (,10:';,' to or abO\'e a cce ptable 
1"H'ls are s till I'r(' s(' nt in t1w carrots when 
tn'at ed at r at l'S and \\itlt t1Iethod s fH'C PSsa ry for 
prot{'ction. 

TABLE 6. Effect of refrige rated storage fo r various periods. on ca rrots ha rvested 50 days after 
the fin a l applicat ion of insec ticide. 

f cnsuJ f o t 'LLO:l 

G 

,n 

o 
' 0 
Go 
iD 

OV('l ' 

(-~T . ( (: 

I n . 'f, 
n . 
1 . J ) l 

1 C ' 

11 . '11 
1 7 
E . ' ) 

1· . I , 

11. 0 ; 

1 . ,"1 
J ;' . ?"j 
1·; . 

10 . 
' ,c 
',( -

ll . )0 
V . , I 

.-' 

12 ,( ,' 

'kt;Lo1ih~ , l ID 

He fe r c nccs 

Xylene 
",(;thorl 

1 :~ . 
11 . 0 
11 ,( 
lC •• ~ 

1·' . 0 
I ), . ," 

1,) . 0 
1(, ,( 

L . 0 
1 )1 . () 

1 /1,(, 
](1. () 

1 2 . 11 
It . D 
lL! . 1, 
11) ,{, 

p 

0 . 0," 
0 . 10 
0 . 0C; 

:D 

0 < ·7 
0 . 0') 
0 . 10 
O. O'? 

O. 2 ( 
O. ?O 
o. 5 
O. rj1 

o . ~?! 
O . I~:J 

o.Co 
l . r)!': 

0 . 25 
D . C', C', 

0 . 0') 
0 . 08 
0 . 10 
O. l ? 

D. 2,c: 
0 . 23 
0 . ;:1 
o. c;: 

o. -,7 
0 . 0') 
D. lO 
0 . 07 

o. c,,) 

0 . 28 
0 . 115 
o. G) 

D. 68 
0 . ()2 

0 . 60 
1. 08 
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TilE Fl:\ G I n £. IlJJ-.'R/., R.--' SS /.'\.4 '\:\D 
lIE r'RIOIIZllll .t'/SOPt/AE 1:\ ClLTlH ES OF TilE 

I{()OT '\EE\ I L .YE.1I0C'E.";TES I.\CO.lI PTIS HOH:\ 
(COLEOPTERA: Cl'RClLlO:\IDAE) 

W. T. CHAl\! 
R esearch Stati on. Canada f)"partll1 ent of Ag ri culture 

\' a ncou\·er. Rr il ish Columbia 

' (,h(' \\- (HH1 .... \ \ · t' P \ "il . . \ ·('111(j( ·( · .... ' l es i IJ(,(Jll1plIlS 

II prll. i~ 1.1 Ilat i'"ll funt \\'pp \,il \\'hich ('(\ 11.",,':0; 

:-'( ' rio ll .'" da nlage to ~trawbt'rri,, ~ ill l'oa ..... ta l 

IIfl t i"J, Co ill mbia. Fn'" h l\ t' ml' r l!pd adil it s \\"n' 
"o l l"c t"d in larg-" nll m lH'r;; [rom a ;; t r a\\ I}(' rn' 

p lanl in g- in "arh' :'i,' p t f'n il)f' r I IJ: I . and ("O il' 

fin,'d ill ,""" 'I' Il-<'O\l ,rt 'd Cil la rt "pa ll'r,,,; in t h ., 
laborator \" at rooill t t' n 'lwratllrl'. ,·\ bollt :!()() 

ad ld t" \\", ' 1'1' k"pt in pach ,.,aln alld fl'd [n". h 
\\"1'( " lra \\ I,, ' rn [o liag-" daih'. lh' " arh (k to lwr 
Illll s t III' till' adlll t.- had di l' d. \\,hi tl' fling-II" \\;1 " 

,,','n at tl lI' ir 11'g- joint s and m Oll th p ar ts . \\ h l' n 
ap l':m'nth 11I 'a lt l1\ . [rt'"hh (' ol lt' f,t ('(1 adl d t...; 
\\t'fi ' (' o ll fiIH ' d . ..;ill~ . .d! \\ itlt a dr·ad . f tlllgllC"l · 

"11\ "I'I ' d adli it tllI'Y di"d \\ it h in t\\ 0 til t h n '" 
da\ S . '1'1 ", fllng-i 1111 t ill' dl 'ad \\"(''' \ ' il" \\", ' n' 
id" lIti f i"d as Heal/I 'eria ha-'Siallil I r il!. 1:\ I and 
\f (' l i lrrhi:il/ l11 allislJl ,/ia(' I Fi g- . I . :\ and III . 

'1'1 11-':0;(' f lln ~i art' W('11 kn ow n a ll d han·' nlany 

in , ('c t h nq s. T hp importanc .. o[ tlll' '' I' [1I11g- i in 
(,( l1l t rol lin g- root \\"I'\ ' il ad ld h or la n 'a l' in till' 
[il ' leI i" not kno\\"n 11Iit \\ arra nt" [lIrt h pr in · 
\ ,'~ tiga t i()ll. 
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