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1. Ge:ner.1l 

1hc \' 'estern forcs t Insect \':ork Conf~re:1ce will be at r.:)eur d 'I\le:1c , 
Idaho Jurj n~ tiL.: \.C'ck of ::,1lTh 10-14 , 1969. 

Mr. John W. Dale, I~'"''~c~r,:l Fcl'iow, Univcrs:ty of l daho, i .s curnmtly 
s l"t!clying the cone and scc.c ili. c...:t.s of ronclcrosa pine in ! doh> :...ndL:r the 
~:nic'1ncc of L'r .. •o::i. :'.. ~:.: · • t't1\ . 

Abn Ik:dl:11 is na; co.ldL:c1:i .. :; studies on (:Gll0 ·•n.J seed insc:'t·~ :•f 
\ .ll·~c <"11·1···~ !···tl' ''" ~o- ,_ · , •• 01- '11· ·eSt\· -; ;,..,~ "-j-.-,., '1. ]1 11" - -.. 1 ....... -• .i... t.. t..: ._.. i.J,.~t.,.;'-' '· ~... . L :") •\..-.'""·"' ' ·Lv ~·, . l ,. 

clc-crc·.c.:,_.: e:j)h. _,is on cc•PQ ar(l !"'~..L( in-;cct studies at t.!:i-= l:··,cl·:ttory. 
(lJ~~.:lin - l\. C. , C:n1a(1~) 

Mr. klZllll1i Koby:-·shi fre;1 1:~~~uro, To10·o Kill spend a }'0flT in C~Jr.a(1a 
co u~ncin,::; rcbnmry 1959 . Jtjs hcn~lq1.1 rr-tcrs \:ill br.! \'jc-tnrin, B. C., b 1t 
he will \·i sit a Tl!JH~;er of otk~· ]C'oo~:;.to:i,~s i::':. :'ortl1 l1.r•:t;:t.ic~ durinr· the 
Y<'<tr. IIi:- intcr"st is cone <ml :;2c·J ins. c:: ~tw· LC'S, r:.orc sp0d f~ C<~Jly 
d1e;;:ic~] contrc•L 

One o.f t l.C! oujccUve~ 0£ the n__.: ;"('('(~ e:md rcrH.' jn~<'Ct P.I.'CjC'ct at 
~-lj S!~i:-s.;.upi State lllltVCl ';i ty is "t~) ci ·tcwinc t1:..) cnLc.r.onhR: ~7, anc.1 ho. t 
n:'!lations1lip of 1 ajor pinr-> cone "1d s .... ~...-..1 l1esi:rcyiLg ht_,ects'. :lr . Cl_,cb 
S;1rtor, \·:ho l tc]ci.s a ;\I .S. c1ct,rcP flol.t the llnin~rsity of \:j:::·--i.,sjppi, :is 
prcs_ntly inv<'h"Cd :in tlns r~sc< rch p1·ojcct. 1he title of his d.i..s~~e;·tati0.1 
DT011 0Sal js .. 01c Biolo~·~L~J •' .. mot·,t~r.n of Pine (:one Irsccts :in ::ississi,,.,.:..•: . . ~ 

().• ] ~~· ) l l\Ce - •·15S , 

"Our studies Lerc <Jt V.P.I. [:1·.::! l'cg:innlnc. 0'1 ~outhc·ll co.1c ru\1 
sccJ insc.:t~. As of nmv vc hme no fLnmal plojc.cts, out thcr ' ll be: c1r;u·:1l 
up thi~ s;ring ." (Hcikl,enen - Va .) 

·---·---------------···--------------

.Y Cc,•,,pilC'd .from inform1.tjo1. submi.ttcJ by worl~crs co·Kluctillg rescar-::.h 
on cone nr.d :.eed insects . Not tn rc pubJishcd u i thout the ccnscnt of 
the contributor. .\ssei:tblccl by J~ . P. ~· 1Cr1.cl , };a val Sto1 cs ~~: 1J Timbc.t 
ProJ11d jon l.abor-;1Lwy, Olustc<' , r~J odda. 



2. Insect Identification 

\~·e hove devised r eliai)1C f.IC311; to separate adults of t Ho rather 
sinriJar cone IT'oths, Eucoc".a maniio1,ana ?nd E. tocuUiona:na. This Hill 
appear in a forthco:::1ing !'ui~e to the Uletrrcuti d moths of the upper 
f\lichl~st. (}iiJlcr - ~:in1.) 

Imnnturc forms of :.:11 insects fro. snrucc are being reared for 
adult material emu posithc identification.. Qiedlin - B. C. ) 

During the fall of 1~167, scco11d-year cones h·ere received from 
irv1ustry, st'lte, ar.d fcc1erGl cco;-"rdi.ors f!·om \'iyg:J ia to Texas. Pine 
SJIC'cie:s collected 1{Cre Joh1nl1f (J-i,z··s ~a ·da J..), shortJeaf (P. cchinata 
; .. !ill.), CJ."1d Yirgin1u (P. v~1~gid. l) . Prc-rcc-ring sa--,:>Jcs i Jicrn:ed th[it 
all three pine spec1 cs n~re a:. ta::.tccl by Lcc-;'ep,e-:-ia ST)p . The rei"~ahl<1er 
of th::'! srurtples \:ere o':e:... \·j ntcrcd in tLe field, and in e2rly sprin~ brought 
into the insec~ory ;md cagccl for en·c:r·2cncc of paras he en l r1oth adv1ts. 
Over 2~ 4 Lr;,~.[JC?fl,e:;ia spp . adults \:ere coJlccted, pinned, and suL·rri tted 
for identification. Post-re'lrir r cone sa ~1Jes i n0i.catecl ?rt app1·cc.i able 
nL1J'lber of dianausing Lt7.speyresia larvae stiJl within the cones . ~;t;;;J]cs 
containing such lar\'ac \·:ere retained for further rearing. A s.il ·i I :1T 

requcst for cones has been sc11t out this yea,r so that this study n·c.y t'lc 
r epeated. (J:hel - Ga. ) 

Da11 age estimates \•:ere continued i n various ponderosa pine stanJs 
thrcug:10ut the state. Emphasis \·:as pl qrcd on uwpe:;roesia spp . (I heli e\ c 
the sp~cics to he L. miscitata Jlcinric~1 , Rnd L. piperana (J:carf), hut J 
have not yet recci ved confi nnati on.) Other spE'cics considcrctl \.L'"'"r'C\ c1· 
encouPtcrcd \·:ere Diory_wtria abietPl,l-a (JJ. f, S.) antl D. aurocmi-z:cell-a 
(Grote) , Conopthorr,_w ponder>or.ae J \m~ ins, C~nd Leptoglm;sz!G occidcn.i:cU;; 
lleid.:)man . La.speyresia contiJtu,)d to h~ the most uhiqui tous species \·.ri th 
C. l,onder:x;ae the ntos t dam:-tping \·:here fm •11Cl. 

;. ;~my of the cones infested with DioJ>yctria partially open to 
rcle~se s01:1c seed. Fcedin.c:: in .tl1esc cones is usually confined to the 
scal e tissue . A seed gcrml nation study is n<JH tmder Hay in 11opcs of 
gaining sorr.c es timatc on any cf fccts · sudi ·f ecdt ng might hnvc on seed 
vj ability . (Dnle - I daho) 
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Life t able stut~)' Gt:_s--~-~<:..,_:su:r.'!_i\~. } I! .. red pine SPA~_Q967-1970) . --
In seven SPA 1 s we have m 1· () cstJ.rJatc:.; o.[ the nu:nber~Z- to 3-,,·cek-old 
conelcts, 3-mo~th-old conclets , 11-r~rth-olJ conelets , m~~ure cones, 
and seeds sur.riving per corl>:! . At th.rce o: the areas, greatest mortality 
(35 to SO percem:) occurrec~ d1Jring thr;: i:"i'rst 3 n~onths of cone development. 
Ma j or causes of loss ~s ir th·~s pcricrl l:c7e TJioryctr-ia discZusa~ D. 
zimmarmani~ Conophthoi?us 1':':?:?1~nQw.,e~ and Ch·-.,1.>istor.'3u.ra pinus . At the 
other arc~.s, t.l1e most substa:1tial losses occurred during the last 4 
months of co:.e cl~velop .CI.Ll.J the ·,,riPJ.ry pc5t b~ing c. r esi nosae . ll't .bcr 
of seeds surviving per cv 1e rre being an~lyzed. (Mattson - !'>finn.) 

Pegohy Zerr;;ia sp. is a serious seed destro)'er in \·Ihite spn1ce . 
Laspe:;i,eE'ia youngm 1 (Kft.) j s also a scr:io•·s p~st. At lcnst three 
s:;:ed es of cr,.:irJ .... 1Yl ~ 1S ccc ·· in dd.t<: S).1.L ce cone:;, the r~ost CO" '.J11 of 
tl1esc bein~ the a."Cls nidge . .f\'rm~ of ·;_he r.l· dgcs cause diT~,.;Cl: seed d: .. :age . 
Sincz s~.-cd is not t i 1g prc~.tced in seed OJ.c'ilnrC::. yet th~:-.:: insects are 
not of 1~al econonric h .. portr_!ce . Pegohyl13 ... ria, Laspeyresia young:ma , 
a :1d tJ1e axls nidge arc potentially of econa:ri.c i n.t1ortnnce. (Hedlin -
B. C., Canacb.) 

1'.1e have kept records en cone cl., ·1.agc in our slash pine s~~.:~ crchr:rd 
r.r.0 three Joblolly s~ed orchards. Losses directly attributable to 
i nset:\:s i n Texas i n 1968 \'1e1·e 3's o~ the loblol"y conelets aad 17'6 of 
t he cones. J:n sl<1sl1 the l osses \ .'~re Zt;ro to conel")tS ~ nd 4% of the cc"1c:c;. 
Nearly a~.l 'i.:.his J~.i'.~gc ca"l be ascrib..:d to Dio1>yc:-t1>ia CJna.teUa . (Ollie· ·· 
T~xas) 

Observations \'lere made of 1240 l oblolly conclets in the spring and 
fall of J968 . Mortality factors jn com'yi_n,1tion (insects, aborts and 
unlmc,:ns) caused a 30 °6 r eduction of the conclets l'.'hich r c.:uceJ tf-c tot<.:.l 
to 840. r~:or~ality f actors in con:b:i..nation caused a 27% lo.:;r of tk~ cone 
crop (second-year fruit) in 1958. 1he.te:io:to , asswning the cone lc.ss 
\vill remain constant next ye~r , \·:a ca..1 ex).kCt the 12•l0 ccnel e t s t o yield 
635 cones in 1969 . This \·:ould be a total rc .. luction over t\iO years of 
49% . The s a,'1e logic C!pplicd to the slas.1 crop would shO'v a 45% rcc1Jcti on . 
(Ollieu - Texas) 

An average of 39 percent of tt1e co tCS K~re infest ed by insects 
in the fi vc shortleaf pine seed pro<luction <1reas on tl1e Clark ru11.l ?-brk 
T\·:ain· National Forests in t-fissouri. Cones in the one SPA (loblolly pine) 
on the Shatmee National Forost in Illinois \.'ere attackad by seed i nsects, 
which infested 11 percent of t11e cones. For 1969 a noderate infestatio'l 
in a light cone crop is pred · cted. In l oblolly pim~ att:1cks ,.;ere by 
r eprcs.entati ves of La:-peyre::·ia a...1cl Rubsaamenia . In shortle-:1f pine nost 
attacks 1·ter0 by ins~cts from the g .... r,cra Conophthvr·us ~ Dio::-yotY.ia and 
Eu.co3ma. Species f:.:cm Laspcyres1:a and RvJJsaamenia also attacked. 
0i1lit.e - Ohio) 
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One htmdred cone-b(;c:.rinB shoots oD each of five open-e:tc n 
shortleaf pin~ trees \·:ere t agged and d~ l·'- ge and mortality r ecorded 
at 2-week i ntervals throuzhou1- the se.J5(;n. Stvdy t rees \f·.m:~ divi<k:d 
in to four quadrants and t11ree h ~:i ght le·:cls. Preliminary results o£ 
this first season r.:ay be st~. r:rL:ed as f ollo'vS . The 1r.ost f rcqu':!nt 
cause of early s eason con~l...:t mort~li ty v.:as Rhyaaionia spp . (25% of 
conelc.t mortali tt) . Rc 1 'j~''')r of th;) cone let loss was probably due 
to abortion (cause unLT,o :n) . Let-·t:JgZo;:,:Jz!a nymp;1.:; ,.,-c.re quite frcquea1tly 
f ound fc. ..;ding c1 ccn~le~:c, :;;.:l t},- p ~~·ibili. ty exists that this may 
have contributed to tJ1is C\.:"1elt t ~bc2·t~on . Only occasional da:.oge bf 
Ccddo1Piid~e and D·ioryatric. s11p. h'tlS r;;cordcd. Second-year cones \:ere 
da'Jl.:lged by Euc>ot:-"''7. sp . in ~-by .::nd Ju c o::1ly . Diozyatria spp., 
primarily lJ . c ... a.teUa r d D. Sf'. r:r. z·t:r. .. 3:t.,"ani, and C•xid~ ·j idae 
ncco1.m i..t.~d f o: 1. os i. of the seconcl-yc[l !' ct.~rtl! lo.:>s t.lwcu,;hout the sea~ on . 
Cor~.sidet·ablc L:;r-;ogZ"~• w sp. feedinz 1·:as fGw.d tJt:-ou:!hout ti,e se:tson 
(prir!arily adults). O'~t..rall ::i;.~ression is th':lt scettD.d-y~~n· t: ..... ') 
los!:' ..;s 0"1 study tl ses during 1908 ~~cason K~l·c generally light. (Ebel 
& Yates - Ga.) 

A survey at logging oper~ti0J1s in several counties i n Mississip"9i 
chn·ing 1967 revealed that the avcr~ge in{e~t:<>·;:;iun r~te of second-yC' .. .. : 
lo::,lolly pine ce•1es ::.r.l short1eaf cc1-s partly or coT':plctely destro;cd 
by Diof>bctria discZu~ a larva~ \v:-•s as follm.-~ : 

------------
Kcn:per 

Lauderdale 

Oktibbeha 

Winston 

3.3~ 0.1% 

13.9~ 3.8% 

23 .8% 15.8% 

13.0% 6.4% 

For this same period of cone inspection (Apr:il through August) seconJ
yc.ar slash and l ongl eaf cones , collected i n Fo:...:5t County , ·w.;)re infested · 
respccti vcly at the rate of 20. 7% and 2D . 1%. Tht"! damage cawed to 
these cones by D. disal~.<Ja anJ D. amateUa l".'dS such that no s~~d 
pr oducti on was possible . (Neel - Miss. ) 
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4. Biology , Ecology and P~y_s~-~~ 

tiological d1.trt ho.s b ..:n 5ntlr~n'cl in co.1junctic..il l'i th the 
collections for d'"''r: '1g~ <o""C::>S • . ;:,lt . I tpl :1si~ has b(.;en placed on 
L~speyresia sp. ~ ... "1d c. po ! 1 ~ce. The b]v?.::._;-:= prcblen h2s been i n 
obtainir..g e~~.s of Dr· f ?y1· Zr, c;-.cl thus far, atten:pts in the laboHl. 
t ory have bc..;n Ul1su:c_ssf,,l (.;v~n t.houg:1 r, 1. i..gs have been observed. 

StuJics arc tmdci· '"-/ oa tl1c relatio:1ship bcn:~"'H tempc1 ature 
<md dj ~pause in Daspey:L'c:;ia sp. 

I r.m also atte1pting to esti.:ate the popnl1it:inns of J.a.sp(~:;n:,.r;,::~. 
sp., Di.o.1yatria sp., and C. ponde:..'oc;ac at the stt .'y .. ~tc '•, ~1e they 
r. .t..:- f ound. Tn';) w.a)or hindrance .is~ 1 easy l ... th"d f.., · obt' .. i.11g c.n 
esti. "'i. ~ of the cone crop. I ar: r.ml : ·orking on a r:::thod \IJ v:a.cby tln 
tO'i"<'l l cr c p(lpuJ ation c.an be easily esL.:imated f1·c1 O~)!:i€'rvat i o 1s J •' ''3 

F'lilc c1u~s· .;> ti.c stanrl.c;. Ho,:cv...:t, d ... ':"'by C. pondr>r>orxr.f3 can o1ly 
ha est~ n~t-J by cliHbing SCV\H:al 1-rc:~s . (D'1le - l c\ '1o) 

~S?_ulation clyrar.ri.c_:.s £f fjo_§_o}__:'~~~iS_£Z:!sa o, _red piP:.e (1968-197Q_) . -
s~ rJJ"·S h v0 bee:1 CO'!.lcctcd fvr C5b.i' tiO!l of e~~ ly larval, late 1~l'V01 , 
'-'ld z.dult r~ .::~tiO!l d~usiti s, as Hell as averr ... c frctmdity. So far , 
\1C hr.l.i~ ru lyzr.:d o 1ly ln.~~.c la1 val m:d acl 1l t population s:. ,>l€.s . At 
Birch Ilill S.P1\- -60 1<'+->-instar lanrre/ti~"', trce3 aver _3ir ~ 10 cones 
per br-ncll- - 50 1Jerccnt of the 1· • ·~ su .. vh ... CI to the ac.klt st"ge 
(==1 , 70C/ ere) . At Portcge Lal~e S~J.:\--7.0 late-instal· lan ... .!/tl ce , trees 
a~ "r"ging 2 c< .. es pc::. b .. onch-··10 pr..rc r t of Lhe lan·3c smvih~d 1 o th..: 
adult st"~ · (=210/rcrc) . No JTJ.ore than 20 percc11t of the lai:e-in.'-'tar 
l al"V4'.C i'1 either area l·:CH~ p'!.:asitizcd. (~·~ttson - t•iinn.) 

Brief J i fe his t01y '"' 1d beha' ic..1r studies a1·e Lcing cc 1ductcd CJ!1 

Pegohy7.enyic~ I-u.Jpey1•csio. youngana U11J thJ a;·is l.ridge jn u~rite spnk • 
PegohyZenyic.. ald the axis midge occur in both l.hite anJ black spruce 
cones . It has not be~n detennined ,;hcthcr or not these arc the same 
species . (I ledlin - B.C. , Cc-n ... cla) 

Eighteen different paras i tic species Jnve been rct:lred from i nsect
i nfested pjnc cones . II)'J11enopterans belonging to the £< milies 
I chneur~'"'lniclae , Braconidae , Platygastcr iu~.e, t>bz:1d1ilid:::c and Eulophic!ac , 
and Diptcrons belonging to the frunllics Chlori..' Jidae and Tachinidae arc 
parasi t izing one or rorc of the cone insect pests. Diorya-t;1 ia spp . r:1ay 
be serving a5 rn alten1atc host for introrluccd and nat~ve parasitc·s of 
a closely rel 'l:·ccl species , the European con1 borer, Ostl'ina nubilaZ1.:s 
(Hubner) (Lepidoptera: P)T<'.l icla3) in thi s sttlte . An uncletclmined 
LixopJzaga sp . (Diptcra : Tadlinidae) has been r eared f rc n co1n borer 
l arvae collect ... d i n the northeast p'lrt of the state . Tid.s is signific<mt 
in view of t!tc f2ct th.1t Lixophaga spp. han heen reared from Dioryat-z•ia 
spp . i11 other states . (Neel - Miss .) 
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Black light traps F""; ·~ run th1·oug!'0;.1t the 1968 season in three 
l ocations in Clarke County, Georgia, to d~tect seed and cone insect 
activity. Over 1,000 n>otlt-; h'J.Ve been pi11uecl and p1·epared for sub1nission 
to t ... l}e U. S. National ;.;uscuut. IHstril.1ution of p~ak catdws of adnlts 
suggests : (1) at least t1·:o sp~cics of T/!.Spevresia arc present in this 
area; (2) Dioryotria oZarioY'v.Zis has three generations per sesson ; a"1d 
(3) Di.o:cyotria ('l·.atd,ta aciults are m·a:i l <.1bJ c throughout the entire 
sqason l·Iith no (~istin-:t p~a!<:.. ()J e D·~o".yoiY'ia cbioteUa was collected 
during the se2son. Dio yotx>'~a. sp. n~a.r z·i.r. .. en.tc ti occurred c-1ly in 
t he fall, indicating <' :-h12le p,encration per se~on . NepyHa sp., a 
kn::n-m ext .... rr..,n 1 feeder o!: pine flo~·mrs and folia.:>c, was collected in mid 
JvH~ . Lepta..; Zossus sp., a cc "!'< n bu~ al:t<:c'~ing pine co~es, uas vc1y 
E~·0ly collected in ligh~ trrps. (L1:.:l Q Yates - Ga.) 

The n~orp:101ogy of the i cp:toductl-..·0 organs and spenrato)h:Jr,. of 
D·z.o'l.yct_-z:a abZeteZZa \:as detc~mincd. 'J11ese or~~--n systcTil.s \\·e1c si.Jn:ilar 
to the gcner<1.l morpho log:! r·~l characteristirs of other H'oths. EgJS ,;ore 
fmmd present in the bulla scr.1in:tlis o[ F",n.y f-.::'lnules, but did not c .... 'l.S~ 
CO; plcte blockage Of Sp~D-1 tr.:..1.5'niSSiOn, 'f11e m.m:ber of OOcyteS Hi t"1in 
cad1 of the eight ovarioles C( .,prising the bro OV(:).ries varicci. from z,, 
to 62, ui th n-1Ily c.;:etging -fer·~les containh g the greater n• ber . ·nw 
ar~rtu:r~ end of the sr(;rr•atophore exhibited a s. --11 horn ~·Tith a sen 'l<'t0 
surface, uhicl1 prob .... bly ser\.cs to ma:intain its alien~ . ...:nt wiJd\ the O'l •ni-:g 
tn the d••ctus sr 'ln:tlis. 0:n1y OllC SpCJ'"iJ'!:tts_:-1'0-'0 ';·:o.s found i'1 tJ1C b .t~.a 
colmlai:rix of each ft.- nle diss:-;c ted rcg~rdles5 of the len~th of ti~ .~ 
exposed to ral::..s Nithin a mating cage. ft~rther c:x-peril7i~nts are plc; .~eel 
to ck;teTJllire \:h~th-:r or not 1.1ltiplc 1 ::1tings occur 1-vi w'lin this sp;;dos. 
(Fatzinger - Fl~.) 

Studies 1-·:ere ro-,ductccl this surr:n8r to determine the dep.ve of 
attr~ct;.Jh.::y of the sex phcr0~ ... ~1c produced by Dior'Jotrvt:a abie~eUa. Live 
virgin females ••·ere placed in co taagLfcot t"~'. ps arrc<J1ged S/Stel1"r tically 
throu~huut a 6' x 6 ' x 9' Ha1k-in-typ~ sc1ecn CCJge. TI1c cxp8rir~cnt uas 
replicated thr~..;e tir·es O'ld 1csul ted in an c:.verG!!;C of 13 pe1·ccmt (r<.ilge 
from 10.5- to 15.3 percent) of the nales being attracted to the fev"lle!;. 
0.1c cxpcr:ilPent, duriTig ;-:hich nale~ \·:ere pl~ccd into the tcnglefoot traps 
and fe:m'les wc:..-e released i nto the cc:.ge, illdic&tcd that fe ;ales are not 
attracted to males. The study is being c0.1tiru"d to detern.ine alten!ate 

.methods of r.~<Jsuring the d8grcc of attract 'l.DC'f , the site of phero:: • c 
productio:;1 h1 f('naJes, thre o£ phero:wne pToJLction, attd bchnvior o,.. 
nales and f<.;m,1.lcs during periods of phcromor1.e production. Th::! effects 
of seasonal differences· in temperature , 1 ight and ht.n ri.di ty 0.1 the degree 
of attractic:! will also be cxCl!tined by con 1ncting the cxperirr~nts 
periodicr.lly t~u·cug:10ut the yem·. (Fatzinr; ~r & DeBarr - Fla. ) 
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A meridic ~"~diu 1, tel ~.l the 1 GCS 1 .. Jit""l , h'as developed l:hich 
P--"tnit:; rc~ri'1~ Dio1•"' _:,.»i(r aJ.n:ei-cUa th~o..1gh successive gener .. tio~1.S \'iith 
hjzh':'!' snnri,.tl, fcctncli.t, <.nd gTC':llh Ta'r-! them Hhen tPe i nsect \-.'as 
1eored c l piue cc cs. I u.r .. st.i~atlon5 trt.;; cu.rrcntly in progress to 
d_tcmi.Pe a Pcthc~l of mass prod1cing v. cbict.'YUa on this n:.:!clit...'11 . 
Exploratr~y s tudic:; r ~vc i1 ,1i.ra·cd th;;,t J~.n'~'':) of D. amatcZZa c:;1 olso 
be rean: 1 on the \ ·c~s rr.edim l.'i th abc, 1;; equal sun- i v-1 to tk. t o!Jt i ~d 
\Jhen rer...1'-'d on pin::! cones. Pm e,rer, i.he l <J' fcet.'7lcllty of <rl1lts n .lLed 
prohibid rcm·ing !jUccessive ge 1er.ttions ui thin t~1c l aborato ... y . '1lu 
effects o.J: terr.p...;rO"~Il;:(;, l:i ght, hlt11i<1 1~y a.11<1 o.riposition surf~ce on 
f ecundity c.re lr>., iir,est:iea.tcd to C'..;~.-en;ri.ne methods of incrcasjng 
cgz proc!ucLion. (I"'atz.;.nger - Fl::J.) 

E;rperj . ents are presen ·l:r b .. n.3 cond cted to deten:"dn:.: a r..~·U1od 
of bioassay for scrcer1ine fc ... cling stii .. !.ll- 1ts extracted from first-year, 
slash pine cone~ foT Dioryot. ~a spp. J a!"Jae. Previo1JS experiTI:..!nts \ ·ii t.i'1 
cone material rmd art.i.fici. .. 1 di.., i ' icatccl that t he need for a f eeding 
stil.ul~t 1 ·/ accrease \·:itl L~Ie "' ·· ~ Jarv~l c:.ge . Extrac1s of cc es 
t o locai:e cauier solvents f uJ. t1L £~~cling stii. . .Jlants are bci'.g pn..parcd 
by s ... quea.tiCll extraction in Soxhlct cxtractt rs vsing a surics of solvents 
of i · r reash <.3 pvlarity . P;.clirnin rr cxperi~nts i ndicated t'1· t an 
actj_v~ S• 'ust~ .,. J.."Y h.. '.t b-.- ! extrncted uith methanol, b1 .t fu rt11er 
t esting j s :n .. tlil .... d. (Fa tzi I ~cr - r la.) 

5. Control 

Douglas-fir cone CitYJS H~rc abundant in 01.. .. gon and Hashint«: 1:1. this 
se.!son. Seed prodt,ction :JJ.•::a rnd s~ed orcP" ·d IP .. cr.agers vere <m -~O:J3 to 
r !,..; 1uce c."' ..,J los:,es c<. ,tsc:J by Con tru>i.;zicr. s.l:' _ · .... s , Barbara oo Z f · c .., :-r m1d 
Dio:..'ycl:"Pia sp~des. Th ~c h~Jicc.pter sp~·ay pr0jccts end one gJ.uU11..1 hy-
draulic operatio,1 i:e:u. .. c~ l'1"1ed out. · 

Helico~Yi:cr sp"L'P.Y fo· mul ntion Has rrore sophis'i.:ica1 "n t 1·is s easv 1. 
It \·.aS b sed o.1 a forr.· .l~ti.-n d~ Jcl< .• ~ d by Dr. Dohd '1 ~ \~·~s,J ;uk for 
mic1 obial hcUcopter sp ~ .... :) s . 0"JJ' r.,ix'"t're cc1t ·.incd di1 et~.v:.l..e, ~:oj1r- .~t, 
t.D-70 (c .. 10 p~rc ...... 1t nctiv..:), Antifo~ a II-10 (0.1 perceJlt &cti"vt:), U-Jld 
Leuco1 ,wr C-6?0B (one l"'(;rccnt acti' c). 

HL-.:~Ults l":ere disappointing. 111c fl11orescent trnccr could not be 
loc?.tcd 01 spnyed co,t ..... lci..s or folinge exct:pt 'dwre l arge d1·oplcts im
pj ng~d. B:1zs cr .re:-i11g hrun.:o.hr-.s ldth K., c .,)· kotc cards att,d1ed sh0~:ed 
sp:ray <1 I os:i ti"''1 vet/ 1·:~11. S~.;;ed yield h'as not increased. The follo:ving 
t~ble c,• ..... .a:-t.i.Z'" C<"W:' r..nd S-:t...d h~<;C'Ct ht'licrp+-~r spraying d'>nC in this 
Rf'gi0Jl since l.JGS . 11:.cs~ data shoh' th.1.t s:n.·.:ying ca11 be effective . 
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D.in J-::hoatc G"'~llf11S Dropl et Percent 
Pcn:ent Ac.t:iv~ rc:.r Acr0 Size rr.rn Yiclcl Incrca..c;e -------

Buckhead - 1965 l -1/2 10 700 63 
Hinn~· . ..' Hi 11 - 1966 2 10 700 49 
C'nristie I'lat - 1SG8 1/7 10 .-150 0 
Dennie Ahl - 1968 

Area A 1/7 5 450 0 
Ar~a B 1/Z 10 450 0 

B 1d.head ·· 1968 
Area A 1 

,. 
;) 450 0 

A1·ca n 1 10 ~so 0 

Th::! hyclrC\u, :lc spr<>y project i.'ilS 1 or-.: Stlcc-,..~[ul. '!h~ tilddy Fork 
s~ ·d productio'1 r.1ca en tl1c Giffo,·ll Pi .. chot \l~s established in 1967. 'Il1is 
' '-'~ s the f:l rst 1 uglas- fi.r cone ere 1J in the areCl t>, d co.1cs ,. ere found :i H
festcd with Ba1··ba:ra aoZfa.xirc;vL. A'Y \~ lflO trees \·:ere treated \·:lth < ore 
percent acti vc diii'~thoatn ~pray. .Af 1'lh·a ~ c)n rate varied be tl:e~:t 2 to 3 
gal lons of spray per tr .e . Seed } idc.l l:a_, i .creased 13 percent . 

Ficlcl testh1~ of hydraulic-applied dimetJ'o::ttr- is coJ1sidercd 
stt-cessful and Tee ·cl for field use in our seed p_·c 't :tion ~~reas nnd 
o "'Ll1ards . L~,_ tse of <;;C .omics, '-~ u.i.ll recom ncl that trees suppor'·ing 
a ininimu of J bllihcl o£ <cccs5ibl~ cones he ti.~cn.tcd. 

1 :~.,~~1. lhite pj .~, bli:ter rust 1~ istrnt, grafted stock at the 
l)':nena S ....... d 0rchaHl 1\as trc~tccl uith t~;o ~oil-~pplicd systemic ir.secd
c.:.c,es--dist'lfotcn · 11d pltoro-::e . Cf'!'I:>S nre Itv.'l heir~. e' alu=ttcd fm~ see 
yleld cr·l insect contiol. S~cd sc.:crU...-wtjr,n tests \·•ill be J'c~.dc next ~~·ring . 
O·!eso - 0. ~gon) 

Tests were r·::u1c ,..,lth 10% gnmuJar Thjmet and Di-syston ~t J/2, 1, 
1-1/2 :_1 -:.d 2 putUlds per t.n.::~ :-akeJ i11to th ... ~on at the d: ip line . T1 ~ C!; 
a\·cra~cd 35-~0 fe(;t tall and ,~- J:t·c ·~.-T.;at · 1 i'1 Fchru ... ry ~- 11 !<arch. P8"'Plts 
gene,·ally \·· ... l'e a disoppointn~!l~. r!hc C 1y h.i.!1tS t:'t CC trol \ len; ¥i th 
'Ihi1, ::t r 'd ni-sj..;;tc\1 at one 1 onnd p~1· t .. _. The Thin~t trees lw.d a 79~ 
sm· .. d cct.C' crop, the Di-syston t1.. . ...:s 9Y .. , :Jntl the check 75% . A t.m-y ar 
s t• tc~y ui t;h TI1~J. ;;t e: t on ~ pound p3r tree gave an S9~ scu· d co:1.c crop ns 
co .... ~:1.~.ed to 66~ for tl a check . Therefor..;, as o'1"'r: r H011~crs lnve indi 
ca+-cd, rn accu 1.I1ative effect may be possible \·iith 'Thi .et . (Ollieu - 'fcYas) 
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Tests of 10% granular p11uratC' ;-~1)lied from l ate February to mid
April 1968 at the root Ct>1lar of indivlt~ual t rees controlled the 
Nantucket p:iJJ.e tip moth (1. ~t'lc ·Ot.,ia [1~.t:- trana) throughout the su :-mer. 
Uptake and translocatic.1 of the insr·ctj cide i n sufficient ar.ounts for 
control apparently did nol: ocon until latt: t-~ay regardless of when the 
phorate W<lS applied \dthia the a'JO\e given dat es . 

The ammmt of phnn.te ap.,lied var-i~d according to tree size. In 
t he folJ o ''ing list o£ tre.:ttn., .. ats (minlmu·n o.f fifteen trees each) , all 
gave satis £act01y control of the tip motl1. 

1. T\\·enty grru:1S phoratc to trees Jess t han five f eet tall. 
2. Fo:rty grams J 1lO"'ate to trees five to eight feet t all. 
3. Eighty gr2 :.::; p'lort'tc to tiel.S eight to fi{tcca feet tall. 
4 . Oz.e h .Jred sixty grams phor 1te to tlces fifteen to thirty 

feet tall . 

Al· .. hough control of Cv e\vo:rms (Dim-yctria spp .) ~.lid occur in the 
l arger cone-b~aring trees (treat1 cnt 3 cmd 4 above) the d2grec of st•cccss 
r en•'lins unlmo.-1 cue to ~c'l·!rally lo:v m..,.,1)crs o: cones pn .. sent p~r tree 
a~d lo:r pu1)uhtiu'1 of con xo11 s in the checx t1c~s. It i s hoped tL·t 
si1 ilnr stuuics i 1 1969 \:ill sln.d 1o~orc light on CO•leh'OI111 control. It 
i s fe] t that t1\0 factors, s~tildy ~.oils and adcqunte spring rain_,, con
tributed to the success of these 1968 tests. li(!:· .... ler soils aNl/or 
im (l "'tunte spring 1·ains provably l'<'.i.ll have an ac' ;.)rsc effect on control . 
s; j 1 ":!.1" tests of phorate 2P1Jlicd to sl~ortlcaf trees did not CC.ltrol t.ii) 
11.oth. It is felt thCJt this co.1trol fr.ilmc HilS due to the f!!ct tlwt 
the shortkaf is grvh·ing c 1 a r 11C'J1 heavier soil than the lobJ olly. 
(Frazier - Va. ) 

In the third l·:cek of June 19tj3, C?l attempt U'lS l"'lde to inj~..-ct 
"ll!ct ~-S)sto:..--R jnto Y"tme pc. 1 Ju~,. b; t'->ing i!auget unit . IIc-:\ .. vcr, 
res;•e>sis p1·e··ented lr~Jta.kc. V:..JO'S sol··..._nts (b:mztn~, >..)'lLl"', c:cctc1e, 
ethyl etJ-.c , chloroform, G.nd tl1.. 1j~ntir ~) i .crc urcd in a 1:5 solvent to 
syst~..-t:i c rc~tio . Uptake stHl lia3 not obi..ained. Only pure ttn:'lJ ·ntinc 
was tal-en up . 

In 1969, i njecti<"1 ldll be tried <gain in k1y when conell:t 
elongation co: .. ::ences. In additio 1, the drill-hole method wil.l nJ3o he 
used. I f uptrke is obtained, rcsh1u~ analyses \vill be run on seed 
t issue . ~·1-!thodology Ni ll be b"-Scd on tl1<:1 t developed by the Ci1cm"'2ro 
Laboratory for an~lysis of \Jnlnut meats . (Dale - Idaho) 
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During 1968 a coop~rative study 1 . .,s conducted in 3 slash pine 
clonal seed orchards to ev·1Jn <te the effl!ctiveness of granular phorate 
for cone and seed insect co;1trol . A si11gl.c applicati on of phorate \vas 
made during the seco-1d l\::e~ in April usi1 lJ5 a small f ertilizer spreader 
t o apply 1, S, or 10 lbs. of lOt activo J.horate to the soil Hithin the 
drip-line of each tree cro:111. The t rcat;.:ent l ayout i n each orchard was 
a randomized co ,T,Jlete blcck , utilizing clon'::!s as blocks. 

Dim:yatl"ia co:-ttrol , .. u.s achieved i n only one of the three orchards 
in the study . In Union Ca:. p Corporation ' s Bell vile Seed Orchard ar1 
aven ·ge of 13% of t he second-yeo.r cones n~rc i nfested uit.h Diaryatr>ia. 
The ap;?lications of 1, 5, a11d 10 lbs. of pl10rate/tre~ r educed the 
infestatio·1 by 51%, 7:1, and 88% , rcsp~ctivcly. A Duncm ' s t-:ul ti.ple 
IW.1~e Test ]rlir~ ted &at tie 5'' r;hi lO.'i per t r'""e treatr..cnts sir:,rnificantly 
1~clt c0d Di01"jctricr. att,.,:.::ks, but that the b:o t reatments ,.;ere not 
sig11ificantly different fro.n ea.ch other. 

Percentage of Second-year Cor1e Cron Infested !?.l_ 
DiOI'1Jctr-ia spp. - 1968 

Lbs. Phorate/tree.!. 
Orciutrd 0 1 5 10 

Gateswood, Mobile, Ala. 8.6 13.6 13.5 9.4 
?>1cColskey Still, Lclce City, Fla. 11.0 5.6 4.5 4.5 
Bellville , Bell vine , Ga . 12.9 6 •L .:> 3.1 1.6 

l/.Thimet 10 G. (10'6 active granules). 

In the U.S. Forest Service ' s McCols1,cy St ill Sc~cl Orcl.ard, 11% of 
the mat1.1r0 cone crop \'l<l.S i nfested by Dio1yat;r£.a spp. '1 h3 phm.·atc treat
r.!Cnts reduced the jnfestation frc:t 50-60:., but th~se r eJuctions \\ere not 
signific2nt. All 3 phorate trcatJ,,cnl:s f~iled to reduc2 Dioryo~r-ia i n 
International Paper Comp~my' s Gateswood Seed Orchard. 

A significant :r: valPe for blocks (c l ones) was obtained for all 3 
orch<:..rds in the study. TI1is st.r ... )por ts our c1ccisicn to block t re<!Lrrents 
by clo'1es . \ ie e<.m co;tcl Jc,e \lith 95% confidence that the clones in this 
s tudy differed in their susceptibility to Dioryccria spp . 

TI1e effectiveness of the phorate t reatm.:-nts in reducing seed l osses 
du.... to S(~ccl'·rorms, the seed bugs , and the flmicr tJ1rips is also being 
investigated. In addition, seed yields, seed-set, and seed germination 
arc being checked to detect possible phytotoxic effects of phorat e . 
(DeBarr & McrJ,cl - Ga., Fla., Ala.) 
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A field scre~ning test ·.,ras conduct.;..J at Olustee, Florida in 1968 
to cvalu:ttc the efftctiveness of sc.vcral systemic i nsecticides on the 
cont1 ol of Dioryo Ia -z:a crmm·:onr..s ruhl !Asp ': r ~.;ia cr~taranjada attacking 
slash pine s~cond-ycar co cs . TI'e foJlcwin~ systemics ,,ere applied in 
drill holes spaced at 5- j 11ch h. tel.\ als arou..1d the trt1'1k circu nfcrcnce 
at breast-h~ight: (1) l·~c·1itor (OR-9J('6) at 2 g.'1. toxicant per i nch 
d.b.h.; (2) ~:onitor at 5 glt./ittch; (3) r·cta-Systox-Rv at 2 gm. / inch ; 
(4) 1--~cta-Slst(;(-R- rt 5 gn1./hdt; (5) cli1 ~~hoate at 5 g'n./inch ; and 
(6) nic.lrin at 5 gi:l./ir.ch. A ulni · :n of 6 rt;plicztes ( tn.os) ':e1 e uscJ. 
per treatment rnd 15 tmtreatt..tl clt c-1 trees n;re included. 1110 cxperin:-:nt 
' "as a cor, pletely rci1<1

0 '1izet1 <Lsi •n. All tr .. atr.!znts were applied May 8, 
1968. Study tr cs avcra~cd 13-il~ch .:: d.h.l1. and ~0 feet in total 
h3i~),ht . Res 11ts arc su: arized in the fo.Uc.. :ing tables . 

Effects of Tn:nk Impl~mtation of E;r.:st• . ic Insecticide~_ 
C:1 '1nc- Contz~l ot.n.: n .. ·otna con;;~ ·o:n.iS 0.1 
Slasa rrneconcs .. · ·oJ. 1 iStee-:J~,-:l%8 

Alr.ount of ~.can 2nd-
toxicant R .. pli- yr. cone Reduction 

'fl\..atments.!l 
per inch Cd co:: d~ age 21 : in cones 

d.b.h. (t_£_ ) pJr tree- : __ c!.'':!:l~ed 
Gr~1:1S t; :ber Percl::tlt Pe1cent ----

None (check) 0 15 10.0 
~;~ta-Systox-ReJ 2 7 9.3 7 
~foni tmu 2 7 6. 6 34 

II 5 7 2.0 80 
Di1 t:thoate 5 6 2.0 80 
~:~ta-Systox-P? 5 6 1.8 82 
Biclrinv 5 8 1.1 89 

!I .All chemicals \·:ere applied l::1y 8, 1968 in drill holes placed at 
5-inch intervals arm.·'ld t1cc circu~£er<.;nce ~t breast-height . 

21~-- i'l.:c.ns not 
from e.?.ch otller at 
range test. 

follo' -~d by the S3Jr.':) 1 ine are significantly different 
the 1-pcr cent prubabil ity l evel by Dlmcan ' s multiple 

-11-



Effects of Tnmk ~_;'1nt·ltion ( :f s·~~c;ter.ri.c Insectjcides 
On the CC'-.ltrcl ol· i~:.:•r;, :·p. c;;ia cn:"lran.jada On Slash 

Pille -con::s--:-blust~e! Fin., 1968 

A"'lount of t.~ean 

todcant cones Reduction 

Trea tmen t.s-~j 
p~r iJlcl1 I~ pl] c~ .. te.:> infested 21 in con"'s 

d.b.h. (trees) Ecr tree-:-' inF(c;l.ecl 

Grnm':> Nw_·' .er Percent Percent --- ----
None (cl cck) 0 lS 23.3 
r:~l:to.) 2 7 13.1 ~4 
r 1"'t cys··o R~ ·- .ct.- t..l - L ... '-• 2 7 13.0 4t1, 
DiL~thoat:e 5 6 12.7 46 
1-1 itor""' s 7 10.0 57 
~i~ta-S6stox- re 5 7 l.J 95 
Bidrin 5 8 0.8 97 

11 AJ 1 che:Jic~ls '·:. Ye apr lif' 1 ~lay 8, 1968 in drill holes placed 
at 5-indl int\!lVctls arot.-nd tJ:ce c.i...~.·cumf .. :E:nce c::t b1·cast-height. · 

Yt-.~~ans not fo11m..-ed bf the same line ar·e significantly different 
from erch otl1er at tlre 1-p:n·cf''1t probahili ty level Ly l:u..T1Ca 1's J.:uJ:tiplc 
ra1ge test. 

Based 01 a 100% tally of secoml·} c .r cones at CO!lC harves-c cs~ptembcr 
1968), aJl insccticid--s :-pplie( ZlC the 5 ~1'£'1-r~r-inch do.-:-• .._0 level rc
su1 te 1 il si~,nificw1tly fe1·.·.:-r Dioryctr-Za cone attc>cks than th~ dlCcks 
or ci thcr o~ the 2 grar.1-pe1-j ach dosage trcatr:: --ts . Differences ' ..:re 
stt.ttistic 11:1 significrnt at th~ 1-pc•ccnt pn..'Ja' ili l.: lcv~L 'Here 
wrs 1 o significa 1t dif.. erencc in co"""~c:wom. cont1 ol nmJ.1g th~" 5 gr<" -1 r 
ind1 trcct l'ents ; <"1<1 co'".m\·uri. control for t11esc treatments 1·an.;cd f1·o;n 
80 to 89 pe1·cent 'Fi th Bidrin' b---i 1g th8 best. 

As in the case of the Dioryotria co;· troJ. evaluettj on, the S-gram 
dos, ge levels of Biclrin~ ancl l'·!~tn-Systox-lfl resulted in the b~:.t cont1ol 
of the slash pine seech.-orm, i. e ., 97- [1n<l 95-pcrccnt control , respcctivdy . 
1he ~!oni tori;!/ (5 gram/inch) trea.tmcnt resulted in sect:wo111l control tllilt 
was statistically different fn.1n the check at the 1-pcrcent lcv~l but 
this amounted t o only 57-percent control. All other treatments 1-:ere 
not effective aga.inst the scedl'!orm. CI·1erkel - Fla. ) 
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Systemic i nsecticides di.J. ~tho~tc , r'."t" -Systox-R Clnd Bidrin \;ere 
used i n a s,;'~ll pilot c:-r~ri.r ~nt ag"inst · 'dte spruce cone insects . 
The f irst t :o n:.terirls ,.;.)r_ :lpJJlicd ~t J.!.; m)d 0. 5% active in~redic'1t . 
Bidrin Has applied at 0 . 5~. iJJ ~thoatc Hi !PVC good indications o : 
contr ol. In .... ecticide <:>~ .. ~lic,.tio.h \. ~·c J._ c Hith an 1-gal Jon hand
pt.mip sprayL:r. Mate1 ials M:rc ~l[>!'licd to con~s a.'1d folic:> ..,e until \·:et 
and drip pint;. AJ 1 forn l..!l:r .. ir s ;;ere p1 \. ~> .-red f ron c "Il si:7iable 
concentrates . (1-ledlin - B. C. , C<m:::tda) 

1hrcc insccticicles--lind.:mc, 7( rtuw, and climethoate--\··e:~·u 
r rplicd to 60- to ~0-foo·i: p~t ·' rosa pi ... 1e trees at t he 1·atc of 2 ~ lllons 
of 1 pcrcc 1t llrtcr ermlsjon per tree to :· s~ their effcctiv~ tess for 
c<.-nt,..ol of cc 1e <. •d seed. in-; ·c.ts. l1,e ~p1~rys l:cre appJ ied on ~:ay 8 
and r y 22. rou.t tr ........ s r::-cciv ... d each insecticide on either date, and 
four t · ..... -.:s \:ere tt e~ ·ed lii tj1 each insecticid-:- on bo~h dates . Eigh~~ 
tnlsprayed check trees vmre included in the s i.. :y. 

'fhc tlca~wr::nts \:ere inconclusive \;ith lCg"rd to control of 
Co.~.,p: tlw!'Us ponde1•osca. Prc:nising result~ ,.e1c obtair:cd h. TC;SL1cct 
to cont...ol of Daspcyrt:Jsia s1 o. Trc~s recch.1ng the Kf 22 dh~tho"te 
spra,v h~ ':1 0 . 82 La.::;pey1• ... <a l r n•ae per co!lc ; those receivinJ hoth 
di1 tho".tc srrrys, 0. 72 ; a 1 d those recE-hiJ,~ both Zcctran spr..lys, 0 . 71. 
lh1spr ... ;cJ trees a.verr.!c, 1 2.18 l an'cte pe.r cone . 

Observations o 1 cone survival slLOW ·the sprays h .. vc no adverso 
effect 0:1. tl1e cones . C...,rmin:Itir'l t\..:S ;:s \·Jill be conrl cted to check on 
possible zclvcrsc effect,.. on se<: d qu lity. Pl::-n=~ for n~xt st· 3r o.ro 
w1cer i..'~in but probnbly , ,·ill include c:u1other series of insecticide 
t ests . (Koerber - Cal .) 

6. 1·:o.~. k Planned 

TI1e control proj ct \\ill be cu, tinueJ. D~··11a~e estir~. tcs \·1ilJ 
al so co,,t·:-me . An aU.<;;, )t l-:ill be 1"":' Je to g,dn the 1 i fe histt.ry :' ld 
bchavjor drtn \·,hicll h3s thus fn· pro • ...:,l elusive . TilC fcocl (s.cJ) 
prefer~ncc of LeptoglN'Sl.!:J oa( 1~d;::r1ta~ir; 1'lil] be studied a l v ._j \d th tn3 
e ffect of f cedi'1g intcnsi ty on seed viahili ty. (Dale - I d'1ho) 

Co, .pletion of controlled tc perature rearing on Barbara 
aol.faxia,~·?. i n dja:r~use studies. Cc pl ·tions of studies on \1,1ite sprttcc 
coil3 i nsects i ncludi ng more detailed u'1cm.ical control ex-pc:-rir11.:mts . 
(Hedl.in - B.C., Canrd~) 

-13-



A study of the life"! ,_ · ' l.ories of t;w major pests will be made 
along with the dcternt!.naticn \J.f son:e o{ their parasi tcs anJ prcdutors. 
Parasi ti ~m of the .European col n borer ;'liJ 1 also be s tudicd in order 
to dctetJiline if this sp ,cies has the s::u ·; p ,.,..as i tes as the Dioryctria 
spp. in this state . (~ cJ · ~~.:..ss. ) · 

A progr~li1 to make di·- 'moatc-~!!J;>] i·,\.t helicopter sp!'ays more 
effecthe for Douglas-fir C0'1.,.. and s d i'1.S .ct cc.1trol sho11ld get wncr 
\!cy·e~rly t'j. )~ ... r. Obj\. ·t:.i\(~5 i'iill incJuc~ (l) foliage phytotoxidt: 
ICl!ltcd to spL .. J concentr;.• 4 h .• d':)tCiilir , · i. 1, (2) cptinu.in droplet size 
choice, (3) cJes~r Jle ap1)llc ·.i1 . .J 1 ratcJ, ( ·~) Clrc)lct cmd spr l coverage 
assess :1t r ~ l.huds, and (S) sc.~.c.;n su • ..r. c.i:. 1ts for incrcascc.l spra.y 

C~""* • 
Ci.J.1Cl C 1C'j. 

Cnl tur .1 contro~ 1 ~~·ho{1.:; ' .:. 11 t ~ invf!s tigatcd th · s fall to 
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