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spruce budworm (Choriskoneura oecidenkaZis Free- 
man). No signgicmt differences were found in toxi- 
city to instas 3 to 6. Stabilbers appear to have had no 
effect on basic contact toxicity. The commercial 
formulation of pyrethrins was as toxic as the labora- 
tory formulated shndad.  Probably only slight resi- 
dual activity can be expected. No effect on basic 
con"cct toxicity could be produced by increasing 
concentratlion Lhrou* a range of about one order of 

Oxford: 453:145.7~18.28:414.414.4. 
Re&ievaZ Terms: Choristoneum seeiden tali$; insecti- 
cide evaluation; contact toxicity; pyrethrins; endon-  
mental effects. 

In the search for a safe, effident, and selective 
means of controlling the highly destructi-are weskrn 
spmce budworm (Choristoneum oeciden kulis Free- 
man), pyreihrins have emerged as one of the superior 
candis8ate insecticides.' Pyrethrins have long been 
h o w n  to be highly toxic to a closely related spmce " 

budworm-C. fumkfer~na (~lennens).~ But because 
the hsecticide is labile in air and sunli@t and is 
expensive, pyrethrins have not been widely used for 
insect control outdoors. The recent stabnization of 
pyrethroid compositions has greatly improved the 
prospect of using &em in forest insect con t ro~ .~  Field 
tests of stabilked pyre'clafins agahst the western 
hemlock looper and %inst  C. &mgemna have 
produced generdly satishctosy results." 

As a prerequisite to field use of pyref i~ns  aginst 
the western spmce budworm, it was necessary to 
develop information from laboratory studies. We 
found that all larval stages showed about the same 
tolerance to pyrefirins, that the adjuvants used in 
stabdization did not affect basic contact toxidty, 
t h a u h e  residud activity apparent on Doudas-fir 
foliage was only sli&t, that the biological activity of 
the commercial formulation was about the same as 
that of the laboratow formulation, and that spray 
concentration rm@ng throu@ about one order of 
magnitude did not sipiGcant1y affect toxicity of the 
spray. 

Insects used for bioassay were obtdned from a 
non-diapausing colony reared continuously in the 
liboratory on an artificid diet.5 The insects were 
selected for testing in the 6th instar at an average 
body weight of 85 mg. They were treated in a 
laboratory spray chamber in replicates of 10. 



Treatment procedure was that de~ r ibed  by Lyon 
et aL6 except that an unaltered No. 40 ~ e ~ i l b i s s ~  
nebuher was used. for spray atomkation. me size of 
spray chmber used varied with the subject of the 
test. Spray chambr I, measu~ng 15 inches tall by 
5-1/44 bches hside dimeter, produced spray droplet 
sizes of about 20p mass me&an diameter (MMD), 
Spray chmber 11, measu~ng 21- 3112 inches t d l  by 8 
inches inside &meter,  produced droplets of about 
49g MMD. 

M expressions of dosage in the spray chmbers 
refer to the active inge&ent (A11 deposited at the 
base of the chamber. Deposit was measured by using 
a C&n Electrobdance to wei@ the spray ininpingng 
on 12-mm. dumkum pans. 

Insects were held after treatment at 22 to 24°C. in 
100- by 266-mm. plastic petri di&es (10 per dish) 
lined with filter paper and provided with sections of 
artiBdd diet. The number of dead insects was tdlied 
7 days after treatment, 

The insect was treated in four instars as follows: 
(a) third and fourth stage larvae combined, (b) fifth 
stage, m d  (6) sixth stage. First and second stage 
larvae were not tested since our studies were ~ m e d  at 
providhg data for field tests against post-&apause 
larvae. 

The insects were treated in laboratory spray 
chamber 1 at five &fferent spray concentrations 
repEcated 8 to l O times. The spray volume deposited 
in the spray c h a b r  was equivalent to 0.3'75 
gd./acre (0.0351 pl./sq, cm.), The pyrethrins were 
formulated in "eipropylene @ycol monomethyl ether 
(TPM). Mortdity data were processed by a computer 
program of probit 

To provide information on the effect of adjuvants 
on toficity, md to bioassay $he puriw of the 
stabfied pyretmns, we tested thew formulaGons: 

Two commercid stabaized field formulations- 
desipated PS-l and P s - ~ . ~  PS-I was the origi- 
n d  field formdation hving the ultraviolet 
screen Pemasorb MA.'" To improve the qudi- 
ty of the solution, Pemaorb  MA was replaced 
by benzyl cimamate in PS-2. Concentration of 
pyre&hs in both formulations was 24 mg./d. 
(2.86 percent w/w), 

bborato%$r formulated pyxe~ins-dedpated 
PS-3-stabilized according t o  patent 
specifications. 
An unstabdked formulation in mhe.erd 02- 
desipated PMO-shce mheral oil is the prind- 
pd carrier in the stab&ed formulation+ 
An unstabdhed formulation in WM-desig 
nated WPM-was hc1uded as a second control 
to provide information on the influence of the 

e rg  oil itself on spray performmce. 

The larvae were treated in spray chamber ]HI. Four 
concentrations sf  each formdation were tested, and 
replicated 6 to 10 times. The formulations and the 
spray volume (gdloa per acre) deposited in the 
chamber were: PS-1: 0.4'78; PS-2: 0.272; PS3: 0.4'77; 
PMO: 8.504; md I?TPM: 0.482. The data were 
analyzed by probit imalysise8 

Potted Dougas-fir trees, 5 yews old, in full flu& 
of new grow&, were treated in spray chanraber II with 
the PS-1 stabgked formulation (fig 1). The plants - 
were then aged in sunli@t for 0, 1, and 4 hours 
before larvae were caged on them. Ten larvae were 
placed in. each cage. The cage was composed of li&t 
wei@t 22- by 22- mesh gmze secured around the 
trunk and above the crown (fig. I). 

Post-treatment obsemations were made 1 /2 hour 
as well as 7 days after ca@ng larvae to detenmhe 
6 6 h o ~ k d o m , ' 9  i.e,, insects that fell out of the foliage 
and were wri&hg md reprgtating. 

Thee  spray application rates (per acre) were 
tested: 0.05 lb. A1 pen B/4 gallon; 0.1 lb. AI per 112 
gdlon; and 0.2 lb. AI per ,l gdlon. Each spray dosage 
and exposure period was repficated four times, 

The data were mdyzed on a computer progrm of 
the two sample Wacoxon teste8 

Impaadmce of Spray Concentra$ion 

Lawae were sprayed directly in spray c h m k r  I1 
by using an appro ate LD dosage (0.2 oz-lacre) 

5 9  of pyrethrins applied at four Qsfferent spray volumes: 
66.125, 0.25, 0 5 ,  and 1 gd./acre. Each treatment was 
repbcated 10 times and mdyzed by the two samplk 
wncoxon test, 

RESULTS AND DISCUSION 

M Bawd stages treated showed about the same 
tolerace level (fig- 2). The small &fferenees were not 



F i a r e  1 -Dekmtmenf of po f fed Buggas-fir trees in tests of stabilked 
pyrefh~ns: Left, potted tree sprayed in a chamber; right, wesfem 
spmce budworn kmae on Peated Buglag-fir were c~ged by Q mesh - 
@we* 

I I I I I I 

~ 6 t h  Stage 

3 r d  Efr 4 t h  Stages 

P Y R E T H R I N S  IN TPM 
D r o p l e t  s i z e = 2 O p  MM 

I I I I I I 
0.05 0.1 0.2 0.5 1 2 

Dosage :  oz. pyrethr ins / a c r e  

F ip re  2- westem spmce budworn 
kmae sprwed with pyreth~ns did 
not show any siflifledpnt difference 
in tolerance among stages* 



statjs~dy si&cant. The dosage needed for LD,, 
was a fonows: 

LD,, douge 

No appreciable Gfferenms in moddity, from. the 
s b d p o h t  of ~ e r e n t  contact t o ~ d w ,  as the corn- 
position of the last four instas changes should be 
expected, These data at face vdue sugest a wide 
latihde in spray application 
&hador of the &fferent 
detemhe their degee of exposure to the bsectidde. 

dera~ons, such as the desire to rn 

made when earlier hstars compris most of the 
ppullation. 

The 20 percent pyretuns concentrate used in this 
test had been reffi~rated for more than 3 years and 
&owed s i p s c m t  bre&down. The absolute dosage 
fipres &own &erefore are overestimated, and &P-'fe~ 
from those of the other tests wMch were done with a 
fresh p y r e & ~ s  concentrate. This brekdown should 
not affect relative togciQ9 however9 so compa~sons 
made htween hwd. sbges &ould be v&d. 

The adjuvmts used in ssf;abii%fing pyreth~ns did 
not affect the basic contact todd@ of the spray 
(tab& 1)- Also the biologcd a c t i ~ t y  of the commer- 
dd field formula~on was dearly no dg1Feren.k. from 
the laboratov s t a h d  formdated accorhg to 
patent spedfim~ons. The co ereid field formula- 

Table 1-Bimsmy of stabilized and unstabilized pyrethrifig 
fwmdaBons on 6th-instar westem spruce budworm with 
k h r a t o y  spray ehaamhr 

STABILIZED PYRETHRINS 

0.175 (0.033 - 0.283) 0.561 (0.235 - 9.42) 
.I67 ( .098 - .216) -669 ( -444 - 1.43) 

WWABILIZED PYRETHRINS 

tion as mpplled by the formdator showed a level of 
bioj%o@cd effectiveness that fuEUed the expectations 
from the purity statements on the label. 

The chmge of ultraviolet screens from Permaorb 
M in PS-1 to benzyl cimamate in PS-2 did not 
change biologcd aacti~ty, Both. screens stabilhe 
pyrethrins equallya3 

Little residud acti.ty was appaent on Dougas-fir 
foGage (table 2)- The hi&est dosage sf 0 2  Ib./acre 
(3.2 oz./acrc=) caused o d y  41 percent kill of bud  
worm larvae vvith no a@ng of the deposit and only 119 
percent with 1 hour of aging. These levels of 

Tabb 2 - R e ~ d u ~ l  $oxicify to westera spruce budworn b a e  
of stabilized pyreth~ns (PS-1 formuk~on) applied to potted 

Dosage Expornre to wmE&t Average momEty 
@b./acr:ne AD 

Control 
0.05 
.05 
.05 

*Sta&ticdy si@mf a% 6 perwnt level of probabstgr 
z c o r d w  to W3coxon tw+mrngl9~: test. 

mortality were si@fi"acantly hi&er than those in the 
control test. The test of 0.1 lb./acre (1.6 oz./acre) 
c a u ~ d  34 percent kill, with no a@ng of deposit 
( ~ p g i c a n a y  &fferent from contoB), but no sipifi- 
cant kill after 1 hour of aging. Wen  these results are 
compaed to those in the p re~ous  test of direct 
contacttoxicity (hw&ch&eLD waabout  0.03 

.9 0 Ib./acre or about 0.5 ozlacre), ~t is apparen.k that 
contact of the lmae  by the spray cloud &ectlly will 
probably be the majors sour% of toxic effects so that 
little reGdud activity can be expected. 

f i o c k d o m  was appredable ody  at the two 
M&est dosage levels and where deposits were not 
aged (table 3)- Mter 1 hour of a@g, hockdown was 
reduced to 25 percent or less and after 4 hours of 
a@ng was nil. 

This test at best ody p a ~ i d y  simdated field 
con&tiitions, Even the s m d  mount of reddud ac t id9  
& o m  by the data is mely to be an overesthation. 



Table 3-Knockdown of western spruce budworm larvae 
mused by stabilized pyreth~ns s%pplied to potted Douglm-fir 
trees 

Dosage 
(lb,/aae AI) 

Control 
.I 
.I 
.I 

Hours Percent 

We so conclude because the degra&ng atmosphegjic 
affects on the descen&ng spray cloud. were not taken. 
into account. Nso, the ""deposit" is usudly much less 
than the release rate from an airplane, and our dosage 
expressions were based on spray deposited in the 
spray cha~nber. 

Importance of Spray Concentrations 

Spray concentration rangng &rou& about one 
order of mapitude had no sigificant (measured by 
W~coxon two sample test) effect on toxicity of the 
spray to the budworm larvae (kabie 441. An exact 
deposit o f  0.2 oz./acre (the approximate LDS, for 
pyrethrins) was not achieved as shown in table 3, but 

Table 4-Spray concenpa~on of mrethdns as related to 
contact toxicity to western spmce budworm bwae 

ranged from 0,174 to 0.225 (0.2 2 13 percent 
oz,/acre). Tne small differences in mortality can be 
attributed entirely to this variation in deposit. 
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The Forest Service ot the US, Dep 
. . . Conducts forest md range resewcla at more than 7% Bsca~om from Puerto Riw to 

Maska and H a w ~ i .  
. . . Px~cipates with. all State forestq agencies Ira cooperative p r o s a s  to protwt and h- 

prove the Nation's 39 5 maion acres of State, local, md priPJak forest Bands. 
. . . Mmages md protects the 187-m2lion-acre Nation& Forest System for sustsained yield 

of its mmy products md semices. 

The PacEe Southwest Forest and Rmge Expedment S ta~on  
represents the resexch brmch of the Forest $emice in. Cdifomia and  haw^. 

This pubbication reports research involving pesticides. It does n s h s n t a i n  
recommendations for their use, nor does it imply that the uses discussed here have 
been registered. Ml uses of pesticides must be registered by approp~ate State 
andlor Federal agencies before they can be recommended. 

CAWION: Pesticides can be injurious to humas,  domestic anirnds, deskable 
plants, and fish or other wildlife-if they are not handled or applied properly. Use 

. all pesticides selectively and easefully. Follow recommended practices for the 
disposal of suprplus pesticides and pesticide containers. 


