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HOW TO TIME DIMETHOATE SPRAYS AGAINST

THE NANTUCKET PINE TIP MOTH

BY

PAUL M. GARGIULLO, C. WAYNE BERISFORD,

CHRISTOPHER G. CANALOS, AND JAMES A. RICHMOND

INTRODUCTION

Larvae of the Nantucket pine tip moth

feed inside of pine shoots and buds, espe-

cially within the upper one-third of the

crown. After the destruction of this vigor-

ously growing material, smaller shoots

compete with each other for apical domi-

nance, resulting in a bushy or deformed

tree. There is also a decrease in tree

height growth (Yates, 1960). This may be

a problem in loblolly pine plantations

managed for pulpwood or sawtimber, but

is especially serious on Virginia pines

grown for Christmas trees, where cosme-

tic appearance is important.

Christmas tree growers in the southern

piedmont and coastal plain have attempt-

ed to control tip moths by spraying Cy-

gon
R

(Dimethoate) or Orthene
R

(Ace-

phate) every two weeks or every month
throughout the growing season. Spraying

on such a schedule often produces poor

and inconsistent control. Good control

can be obtained by using one spray, care-

fully timed to coincide with the most

susceptible stage of each tip moth genera-

tion. This occurs during the first and sec-

ond larval instars. We present here a sim-

ple technique by which a grower can pre-

dict the optimum spray date using only

pheromone traps and daily maximum and

minimum temperatures. Research leading

to the development of this technique will

be reported in Berisford, et al. (1983),

and Gargiullo, et al. (unpublished). Cy-

gon
R
was used in these studies because it

is currently the most popular insecticide

used to control tip moths.



PROCEDURE

This technique was developed in the

Georgia piedmont, but probably applies

to most of the southern piedmont as well,

where the Nantucket pine tip moth has

three generations per year. An extrapola-

tion of the technique to the coastal plain

will be presented below. The technique

is performed in two steps.

Step 1 : The beginning of each tip moth
generation (i.e. adult emergence) must be

determined by using pheromone traps

(Fig. 1). Information on the availability

of the pheromone traps and sex attrac-

tant lures can be obtained from the

University of Georgia, Department of

Entomology, Athens, Georgia— . Eight

to 10 traps should be placed at least fif-

teen feet apart throughout the plantation,

on or before the following dates for each

generation:

Generation 1 Generation 2 Generation 3

February 21 May 15 July 6

Traps should be examined daily for moth
catches (Figs. 2 and 3). When the first

moth is found in any one of the traps,

go to Step 2.

Step 2 : Once the onset of a generation is

determined, then degree-days (°D, see

Baskerville and Emin, 1969) must be ac-

cumulated daily, starting with the day on
which the first moth was caught. Degree-

days are accumulated day by day until

the appropriate sum is reached. When this

sum is reached, the following day is the

optimum spray date. The required °D
sums for each generation are:

Generation 1 Generation 2 Generation 3

439 °D 626 °D 480°D; 840°D

Note that although only one spray is

needed for each of generations 1 and 2,

two sprays are recommended for genera-

tion 3, because the period of activity is

longer during that generation.

To find the daily °D contribution to

the accumulating sum, the daily maxi-

mum and minimum temperatures are

needed. A maximum-minimum thermom-

Fig. 1 - Two of the common types of insect traps which utilize pheromones or sex at-

tractant lures.

eter may be obtained from a hardware mum temperature along the left margin,

store, nursery, or local weather reports The corresponding table entry is the num-
may be used. Using the °D tables in the ber of °D for that day. Consult these

Appendix, find the maximum tempera- tables each day as you accumulate °D
ture along the top margin, and the mini- toward the final sum.
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Fig. 2 Moths are caught on the sticky interior surfaces of the pheromone trap.

1/
Available information on products does not constitute an endorsement by the University of Georgia, The Georgia Forestry

Commission nor the U. S. Forest Service.



Fig. 3 -Adult Nantucket pine tip moth.

SPECIAL CONSIDERATIONS

1) During their first season in the field,

very young pines should be sprayed

twice per tip moth generation, according

to the following °D sums:

Generation 1

375°; 550°D

Generation 3

480°D;840°D

Generation 2

500°; 800°D

Two applications are recommended

because the phenology of seedlings is

different, requiring different timing, and

control on these young trees is critical if

quality Christmas trees are to be produc-

ed. Tip moth attacks on these young trees

can damage tree form considerably

2) The timing technique was deveiopea

for the Georgia piedmont areas. However,

many Christmas tree plantations are in

the coastal plain, where there are four tip

moth generations per season. Some suc-

cess might be obtained by using the fol-

lowing extrapolation of the technique,

until more research can be performed

specifically for the coastal plain.

Deploy pheromone traps on February

1, May 1, and June 20. Apply insecticide

when the appropriate number of degree

days are accumulated as for the three

generations in the piedmont. After the

last timed spray, apply insecticide on a

schedule of once every two or three

weeks through the middle of October.



OOJOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
I

oiooooooooooooooooooooooooooooooooooooooooooooooooo
I

IClOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOO-i-
ml

I

HOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-'——'
—<<M«N

inj

I

IfJOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO—1-HHHrfNNmiO
ini

I

IBilOOOOOCOOOOOOOOOOoOOOOOOOOOOOOCOCriHH-iHW^HH-iH-irtHN^riiJ
ml

I

I

1 ^IOOOOOOOOOOOOOOOOOOOOOO-i-rfHHrfri-i-<rfri-JH-iH-i r(--i-i-i-(rfNNMNI<l^ +
t- ml
O I

x I

a. UN
— I

K I

^j(_i_i—i _,_j__i_i _j_,_i_i^-i—i^—i _-, __!_, _i —._._< ^_i_i -j _,_i__i_. _c_i_i_. _j_j rg<NJrg<M<\icgrgr\jr<-ir<"\r<"v«i-«i-in

uj ini2 I

*-
I

a. ^^mf4>j— ,*,^— _j—< .—t-^ —j,—i .—• ^-4_i^j ^-i_—i _i—i_i^.,-<_,_,._,_._i_i rgr\j(\j<Mcgpg(\iPgrgpg<\ifnr»"><,'im,$-«j-inin

»- I

UJ I

*: od*-"i-<»-<^——— •->—r-iHH— —i—<—-*—<———c— -*.-i—> cvif^fvjrgrv/fsjPvjcsicgfMrvjrvjrvirMfOf^mm^fo^-^-inin^,
<_> in)

35 I

»- I

Z 0<I_m— •-!—— —i—j———•_!

—

-j— -<—

—

-j—pgrgrj<Nj^rg eg eg <\jrj^pgf\jro (Vjrvjcgrjfrrn cr>(cirnro (*->.$• $•,$ ir> in >o>o
< in
Z I

« I

o ~ <&
u. uj i

I I

uj Z -4f-i— <-<—< rgcgcgrsjfNjcgcgrgrgrgrgrvlfNjrgpgivirgfsjiNjrgiNjcjcNjfvj^cgir^^fri^if^iT^
I- UJ MJ<

< a. I

X I

< cg)(^<\jcgt\i(Vj^grvipgrgr\iogr\irgf>jr\irgcgfNjrg<\icgrg(\irg<\<rn<^rnroc^(^
>- u. -a
1 * I

a- I

a. a. rc|rg;<\jr\jrgrg<\ic\jrvi(\jrg<\jr\jrgpgrNirvjrgr\jr\j(\im<<iromc^fn<^<<w Jj-«t-*-.j-ininininin>o>or'-r-oo
<s> s: gj»

UJ I

x »- i

r> ^fvjrg<\j<\j(\irgrg(Nj<\irgpgrgf\j<\jrn(^(^(^fncncnrnrnrn(rirnrrirornrnm4«^^
jc x <d
•- 3 I

r>- 2 I

a. >-• iftr\KVJr\i<vJ«\irg<\i(\irO(^rOrnfOfricornrnrornfnr^*nw<<vnr^
O x <4

< I

U. X I

«az i

»_ -a —
O I

•-• Io oa^'^^*1f«^(*^«*^^'^f^lmf^|fnfn{rlm«^^>*<(•4«•4«*•^*^>t• >*>*>»«»• inininin in in in in ino >o -o go g3<or>-r--r~ 0000000*0*0
uj >a —
a I

o. I

Oif^c^ <^ (*i rnro<<^ .* ** >*•-»•^ «$•^ ^ >*^ >t- >»^ .*•«*«< vri ir\^ in u^u^ iri^ tr\ u>
or <d -4—
O I

u- I

a<'n^^^^gf4gi/ >t->t^^^t^>*'*^>t-dv-*ininminm«nmininmingDgDg3og3g3*Or>-r-r'-r^
oo M —i—

—

> I

< Io ^«^^^^^.^^«*^^>*'4- ~*>*>*inir*inij^ir»inif>in^iriinirNin,o>o>o>o-o>o>o

uj I

ai I

«* <Nj^^>*'4- <*^gjv >***>*mmu^mminmmminminming3og3'00>og3 0g3r-r'-f-r-f,-h-r^
O M —-•—-.^
uj I

O I

«U »*-< «* *• <*min in inmin inmin in in ininmin ir\ <o gjo goo -o >o -oo -o r— f- r- r-r-r-f-ooooooooooa-oo^ooo-jfsifM
>- M _i_g— ,-i,j

_j I

-• I

«t ^inininininuAinininininininin^inino<o>o^>o><3<)>o>o^<)h-r-^^r^f^r^oooooDoooD<)oo^^o^(rOoO'^<^^^

o

I

I

inlininininininininininininvo^-ti^-o^-o-o^^^^r^r^r^r^t^f^r^r-h-aoaaooooooooo^o^^CT^oooo—<—cgrgmM -.—__.^___.
I

I

gjinintnininininingjoogj'Ogagjgoo-o-o-o of-r-r-r-r-f-c-f—r— 000000000000000" o* s o-o-00o~*—•-*<%! ^"ir"*)

1

IHmmm xiooo oooo-o-u-ti-uo of— f-r-r-r—f-- r-r-f*-r—co aoaooocoaoao 0*0* 0*0* o^o-oooo—«—*-^ |Ni ,Mr^'*> *

I

I

or(>oooo iO>o-o<o-oo-o<o<of^r--r-t^t^f^t^r--r~r-f^-coooeoonopopecor)o^o^o> ov Ox cr ooooo^--^i\inni»ij;^

1
— "~ '

I

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

>-*rg r>"i «$mo f- 00 O*o •-< (\j ft gt in >o r- oo o>o

—

cmpa •<m <o r~ 00&o—eg ro•mo i>-00 o>o— <\jm 4- in .0r- 00 so— f\i

-<-^—^<»^———^«—KNirvi eg pgfM(M(M»\j(M fvjpoiTif^frifri mrrimfn »»>>t -• -J" 4- >t ><• ^t -J" ~t >*mmin

TM?MrnT i-u in u."Iij;t'i?ii''H- ••



oi-o.ovo>o^o-«<©>o>oi^-r-r-r--r-r-f~r--r r--r~-r-oococoaoaooooo(»cro^o^o^cT>o NOoooo^^.-"i'H<\jrg<\ic"ir<i.j-in

i

I

I

«ir-r—f~-f^-f-f-r~f-r-r-r-i*-r— i" ooaoaoc&cococoojoooocr 0'0-o,o,cMrooooocr-<rJrtH^(\jNNr'ir'im>t -4-min
oa ^^^^^^^.^^^^^^^^^^^^^^

i

rNjr^r^^^-1^ r^ t^ f^ r^f^ ooco oo co co coaooc eoooooocr^a^^^^0*000000^^—«r^^f^
i

i

fif,-r-r^rs-r^h-a3cocoaocoaocooo<»aoaoocro>CT*o ocrc>crooooooO'-<^^-<-^r\j(M(Mpgf<ir^fO(<i-*-tuMr\>o >o
oa _i,_i.*.^.-<.^_*^,*,^^,h_i_„^.h.-«.~i.*.-<.— -*-•,-*

i

i

,*iNr^ocjcoa}ajOLODcocoaoc^coa>criro^G'0 u cro ^oooooOoo«-*-*'-«-«'-<<\j."\jf\ir\i(\jr<-ipnrn.j->*- >rir\iri.o.or--
ca ^.^^^^.^^^^.^.^^-^_<^^^4^^^.^^^^i—^j^^.—

I

I inoooDooooocoooooooDaoo^o-o^c^cro^a-cro^o oooooooo—'-H-^i-i-^-HCsifMrvjfSKNjr^fnf^M^-^-^vrivfitf^-or-h-

o I

z I

.£( 000000 00 00CO C0CCJ <^CJ^0'C^-(^C^O>C^OOOOOOOO-^•^"<•^-^'- -^^^sl<^i<^)(^lf^r^lf^>f'l'r^«4••^•<l^^l/^lf^^)^0^--00

•- I

t- I

Hoocoooc^O'<^c^CFO'^^^(^ov©oooooooo.^-*^-^.^>^^r\jr\j<N<f\i<NJ

Q. a3C7>crCTiXO*Crcroo C^O-OOOOOOOOO-J-*.-*--!-! —<^r\J<\iCvi<\J(NJf\J<«f«rn<^m,$-.4-«t«$'irttnirvin>o><0f^r"-00 00

»- I

UJ I

^ «^<rcr<rcr<^ooooooooooo^^^^^^^^<\i<v)CNjfNjrj(Nj<^»^rn<^(^^^^^^i/>ir<u>^*^^f~-ooooa

I- I

z aa(Mi'OOooooooooo-'"'H"'HWH^ro«\i<\)<\iPo<N)<Niwnrntrii^rn^^^.*iniriini^vO*o>or^i^r~coo>0'-

Z I

* I

a: i— ^ooooooooooo^^^^^^^— (N(^<NPvj<\ipj«Ni<\irofOfomro<^^>*-'*, -tir»»Aif*iri>o«o<o>or--r-f-oooocro

U. UJ I

X I

uj z MOOooooo^Hrtrt-irt- ^^f\jf\jrgfNj(Nicvi^f^(^fn(^ro(»>fr(4-^.sj-j-^j-in»r\ifiir\.o>o>o«or-^h-ooooCT>CT>o

«x a. I

o I I

•a (<ioooH-^-<rfHH_—>-* NfWN<Ni<vic>jN(>i(nnrnm<n(r)rn<4'-^<4'>t<t<*'intntf\ir)>04}<><oh>r-.r<-coooooo>a'00

<r * I

a: I

a. a. **ii—^^^^^^^^^ognj<vjiNP^<\i(Ncgr<jrn»n«*^(^(*m.*4'^>»,^^ininini/^u)>o^<o

UJ I

x h- I

i- x i

•< I

u. X I

01-* ~i—i—I-.-*—.—1-«—.—irf-*—I—i~i—l— _i_._—•_i—<_w—!_(-<—_<»-_i„._i—I „,,*_<,— _i— -. _<-<_i—i-jim IM (N(NJ(NJ

i: I

a
•-i cci<^Pvjr\jnjcvjr\j(\i(\j<\ifiirorOfO(^»^<^rn.^^4-^^**inu>iAin'r>il^^

o I

•- I

q cr<fMfM<M<M<M<Mro«M,<
,>f>f>fOfon(,n4-^->j- -4--«->*'-4-i^ir\inmiriiriif\vOooo-or~h-r-r^coaooooocrCT-crooo---'<N<Ni

UJ OS—•—•—•—•—i—i—i—i ——<-«—i—i—i—i—i—!-<—<—i—i—i-«~i—i—!-<-<-«—i_*~<—i.-<-i—«——<—i^-.—<_i —> —.-<<\|<\|<\i<\jrs|(\l<\J

at l

OL I

olf\i(\i<\j(M(ritnrnrofxnmmm-*-^ «*-^ -*>*• •*s»-iniriminirmo^ •OvO-o>oKr»-r^r^oDcocDOOo> <7*o^cJ*oo«"«'*«\jf\jf>

O -4
u. I

>H^f^<^^'^^rornf^(^rn«i-^>*<r^^^^inininininiriino^vO>o<of^r-r~f^i^ooooooooc^

< I

O rsirnrnmrni^rnr^r^rn^-^^^^^^^inirsiriirii^t^tn-OvOvO^vO^Oi^h-i^f^f^

ui H
UI I

UI -i
a i

^•ri<^(*i(^ro^^^>t^^^^^u^^^>^^^^vO^^^>o^NOi^f^i^i^i^cooooooooo^c7>croooo^'^-^p>ifvj<^<4-

_i -«
— I

<t ini<^mm^»fr^.j->fr^^.t<#ininininiri^intf^vO>o^>o>o>Oi^i^i^f^r-r~oooooooo«
O a^^^^^^^^.^^^^^^^rf^^^^^(^^^ r^^^^^^^^^^^^^^^4^t^rsj(Njrgrvi(N)<^rs|(\ir^rgrsi

I

vOl <*»* -* -* •*• >*• sj- 4- -4- -$ inin in inmmin in vo >o <©o -oo o r-r- r« I
s- I

s-r- eo eooooooo cr cr cr^oOoo^^^NNrofi^
0|—i^^^h,^^^.^^!^^!^.i^^^i^,^—1„^^—<^,^i^-<-^^^^^-j rH-^-rf^-<^^-<^(M<M(\J(N(N<M'NirvJ<Mrs|fM(N|
-i

IM^^^4- ^^^^ininu^ini^ininiriinvOvOO^^^^^^r^r--r-r-coa)eocoooc><Ti crc7>oooo—i^-^f\irv4(Mpn~t--t
Oj-^-^-4—l^-^^^^-J-<-J^-<—»^^^^_1^^^ r^^ r^^»^^^^^^^_«—<_i-4-4<\J(M<M(Ni<M'NlrM(\l<NINf\|iN(N

I

oot^^^^^^-j-inininir\inininin^OsO<>^^<)^Oi^f^-r~f^r-f>-t~aoaocoaooocr><j>cro >oooo—»-^^rg(\i(Mprvpn^- 1-

O—'—i—'——<—<—<—<—i—<—i—"—i—«—<—i—<—<—i^—"^—i—<—i—<—«—i—'—•—!—"—<—<—i—i—i—i^rNJ^ r\lr\J<%|rgrN|rgrsir\irN|'sirsi

-4

(T<^>t^^«^ininini^ir\inininin^>o^^>o>o-Oi,^-f-r-r--r~-r-oDoooooooooo<T'Crcy-0N00oo-- -j-^-^ <sjf\jfvJi^ro^->j-

Oj—'-^-J^-^-H—i-H—4—<-<-<^i-4-^'^—<—«-*---*-* -ji-i^,*«*»*.-<—i—i-j—i—i—i—i-j(\jr\i(M<M(M(M(M(Mf\|(^'VJrsJ(M<Nirg

I

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

«-(\ifi>j-m>or--aDCro"— <>Jf»i«*
-m'OhTOoov o-^csj(,o«nnor-oD<^o—<(\jf^i«tm>or^ooc7-0'^fNJm~i'm>or- aocro-^iM

X^z—z:r3X h u.ya. u.<fitii'7lL'i-h



3

i
i

ia
i

I

in
i

i

<M
irt

i

i

mi>*
»rt

l

i

- irt

o I

T I

a iri~ l

»- l

uj \ri

T I

•- I

UJ I

T> I

• I

oc »- ar-oocoaoo—^
o —• -a ~4^-*~*
U. HI I

X t

uj Z *Jeoaoo*CT>©~<--<M<\i
h- UJ <d -- —'—'—•—

'

< cC I

O X I

> U- vO» _.»J—<— _,-*_!
< * I

* J
a. a. cio*0Noo-*-*<\j(*><,o«*'«4-

i/> z <d .-i.*.*,*.*,*-*.*^
lu I

x K I

z z <ct —-——_-.-.-._—.-.

t~ Z I

o x <d —i—«---j —<_!_.—< _i^j_<_j

<0»«»<i lllili4w«il li Mi l IpIi I

o
i

*C|| ll < 4i < >iJi «* « It l^ i li li l^«—

I

<
z

O I

— !

uj -a—•—•—•—•—•—•—•—'—•—•—«--—•—'—•—

•

at i

a i

Of «fly*»4**r-tm*m**4*4**m*m4w4~4t-lr-iryir*J
O I

U. I

d^4<si tt\t*t *? *?u\ *oor~ r- od eoaoo—« -+

>- i

< l

I M-*—<—1-* _.—<_. __j_*_j --_<_i (MiNKMiMiNj
UJ I

uj I

uc p>Jf\n^(«V4-tfnf\.o*r'-CDaoc>o*00-*<\j<\irftrr»

UJ I

O I

> M-*-*«-<»*»*—«-*»*-*-«-<»*<\i<\j<NJ<\ii\l<\i<\i<\if\)
-J I

t

I

iri-• <f iaiao^r~oooo <7> <ro-<-* inj f\imm^ ir» in -o >o
•H-<-«—i—<—.—<—.—i—.^—iiNi'Ni^j-g ^J^jfsjrgrgiNi ini <\i

I

f^(—• —.—•—._.__<—•—•—.eg (M 'mini fNjt\jr^'g<M ojr j (^g<MiNj

I

I

M-*-*-*—'-*—«—«—, -*<NJ<N"M'^<N'Nf\<(\j<Neg i"Nj.Nr\j<N<\l<N

I

I

oj«r-»r **- ^- aoao o» c-o -* —•f\»<mw >* ir> ir» <o -oK op oraa
M—'—«—-«--—•.--— -— PMPg<MrgfMf\jrsif\iiM(M«M<Mr\jiM(MfM<Vj

I

I

i i i i i i i i i i i i i i r i i i i i t i i i i i t i i t i i ( i i i i i i i i i i i i i t i i i i i

<^*ifN«r-oD«, o-^^(^^irvw3r^oj<ro^ivjr'v>fifN-*)f^«oo> o^c^^^^or^ot>^o~~^«jif-<>r-oc)y'0--«<vm^-
vrunioirMr i/Mri^^).c^^)OvO>o-o<3r~-f^f^r»-f^t~-^r~r^r^ocoo<rooarororooorflrc ffff ffCffflfffOOOOO

I>-7i..I?T i > 5ft .'i TiM'yjil'H •



aim >o <o r- oo ooo ^oo •-• fs)(Mwm >j-umt>-o vo r- h- <o so^oo
I

0(?~4~4,- —i_< -^r-i (M <\J eg (Megeg (N) <N rsjegeg eg eg (\J CO eg COCOmmm
I

I

_<o3r-r-ooooo^oo-<^cgcgm.d- tinirivor-h-cococro o,*r*cgeg
00l'*<-*-*«-'i-*'-'Cg COCgcg CO COegCO CO egCO CO CO CO (M COCO Cgmmmmm

I

I

eo^r-cocoo^o^o^-Jcoeomm-^-iinirooojp-eoooa^oo-Jcocgmm
<xj.*-*-H.*t^i-*eococococgcgcoegegeoeocgcoeoegcocgmmmmmmm

I

I

mlr-r- ooc o»oO —• (M eg enm >*• ~tin 03oo r- r- oo cr a-oo-* —•eg mm -t-
oa—.—.— i-t-jcgeg <\i c\j eo egcmcm <\ieg cgeg eg <\j eg eg egm 1*1mmmmm enm

i

i

oHr- eooc a-oo-<—• cmmm ,t .jr itiin or- r- co od o- Oo --1 •-• cm <mm ,t j-mm
CO)—'-*-< -<eo coco eg egco <\j<Mco eoeo <\Jeo eg eg Cvi cmmmmmmmmmmmm

I

I tf)00C00', NOi-«—ieoCom-<--4'inino3 0r--ooaO(}>OsO^—•egegrnm-J'ir.moooo
j- od'-•—!—«—«egcgcgcgcgcoegegegcgeoegegcgroegcgmmmmm enmmmmmm

I

X I

gjjeoe^^OO—'cgcgmmsfrlnlno^gi^-P-<00,U^OO-^egcomm»$NJ•|^^^oo3^-r-
Q. oo;-*.-<«^egcgcgegcgcocgcgcgcgcgcgcgcgcOcgcgmmmmmmmmmmmrnmm
•-

I

»- I

aO*0-00-*--<cgmm>fr^ir\oD^r~^ooooox©©'*^comm«4'*tunirtoOp-r-oDCO
-*.—eocgegegcgcgcgegcocgcgcgcgcgegegrvjmmmmmmmmmmmmmmmm

z
a. odcr>c>o-j—'cgcom^^inuAgjt-r-ooooc^O^O-*—,egcgmg)g^'tr\ln>o^O^-oooDOv c^

oo^cgeocoeoeococoeocococococorgeoeoeocgmmmmmmmmmmmmmmmmm
¥- I

lit I

*: oioNO-*^egcgmm4-ming3^r~oooDO^0^oo^egcomm**-4riirio3>or-r-ooo^o-oo
O aa-^eo coco cocgeo coco cococococococoeommmmmmmmmmmmmmmmm ,*«*-

=> I

»- I

Z aoo-'cgeo mm«a-«*ino3 «oc~r-ooa*o>>oo^—«egmm .j- <fir\ go gjr-p- eo eo a-OO^^
< cNcoegeo coco eocococgcg egeocgcocgcoeommmmmmmmmm mmmmmmm«frst-«frg)-
Z I

* I

cc I- -40^^eomm^ghininoor-r-ooooo>oo-*^coegm4- ^inin>©p-r^oocoCT>o*o--<—'egco
O •— o^cgegcgcoeocoeocococgcgcgeocoegeommmmmmmmmmmmmmmmmm^^-tgfN*-
U- Oj I

X I

id z eg)-*-<cgcom.*-gHf>»fio3 <or-aocoo>ovO-^—«cocommgfir<»ri>o>or-aoooc*(FOO-*eoeomm
»- LU oNeocoegcocoeoeocoeocococococoeocommmmmmmmmmmmmmmmmor^.*-«i-grojv g)-

< a I

O X I4 mJ-*eocgmm«*-irMrioOoor-p'-«oo'*0Noo—<cgegmm.»> *-»no^o3f,--p-ooooo>oo—<-*cgegmmm
>- u. o^eoegcgcgegcgcococgcgegcgegegcgmmmmmmmmmmmmmmmmm.j-^^i-**^>fr^<hgr
< * l

a. I

a. a. ^i«*cocnco^-^ir»^>>or-P-ooooCT>Oo<-<.^cgcgm^r-<-ir\iri03o3r-ooooc>»<)N©0—<-*cgegmmmm
i/> X ONegegcgegrgegcgcgcgegegcgcgcgmmmmmmmmmmmmmmmmmm»*->*->4->i-^gf >*g^

uj I

X h- I

3 irtegegen ,fr^inun%oo3r-co<X5(>crOO^egegmmg^ino3^p~^oooo^^o-^^cocommmmmm
X X OMegcgeoegcoeocococgcgcgcgcocommmmmmmmmmmmmmmmmmg^<»-*^^>*»*^>», '4"

- 73 I

h- X I

Q. •-• ^rstc^cn^»tiri>og3r^^ODOOO>00'*^COCg<ri^^u>m>0<or»p-oOOsO>00-*^cgcoreirnfCienc^<Ocn
O x W<NKNJeococococococgegcgegeoc*enc^enrne^f<>f<>encr*p^

< I

U. X IO Megm^^inino3^r-coooo^©o^cgcgmmgf*»nifvgor^r-ooooo>o^oo^.^cgcgmmmmmmmm
O^egcgrgegcgcgegegcgegcgegegmmmmmmmmmmmmmmmmmm^^ -*•«»«*»*•*• •<>*>$•<* «*«»

Z I

O I

•-> oojfcifCKf ^in^^r^p-oooot^oo^^cgconw^inm^^r-r-ooooo^^oo^^cgcgrocncncncnc^focnfci
h~ cricgcgcgcgcgcocgcgcocgcgco(^cncn(riencncncnmfocn<«>rcifr)c^c^encnn
O I

Q ONen^^UMTi^oOr-r-ooo^o^Oo—•^egr^(^<^»t^u^>OvOP-r-oD<»0> NOO^^cgcgcnrorC(cncnfO(ncc,(rte^
UJ o^eoegcoeoeocoegegcgegcgcocor**cr\rocne*encn'Ornc^e*encnc^rnenr^
a. I

a I

e»en>*grinmo3c-r^fflroo> o^oo^cgcoenen«fr«*'inino9«or^ooooo^o^oo^^»-<cocof^
cz. caeococgcocococococgcococoenenencncncnc^cnf^cncncnrctcncnwcnc^^
O ^
u. I

•^ro^m^oa^r-P-ooooO^OO^^cgcgcncn^^tri^gsp-t^oooo^^OO^i^^cgcoreicncncncnenroc^
</) aegeocgcocgcgcgegcoeoeoenenenenc^enenrnc^<^encnmerienerimc^
> ~*
<X I

O M>*^inin^g3r-ooooox o^OO'*^eocgcn^^u>if\^>or-h-eooo<><^oo--^cgegcgencncrie^cncnenc^
1 acgcgcgcgcococoegcgeocomenenwc^i^cncncocn^cncncnpncnrcvc^rn^^^
uj -H
LU I

et pri^^ino^r-r-ooooo^o^OO-^eocgcocn-^-^^m^gop^c-ooooo^^OO^-^egcgcgencnenenc^
O aJcocgcocgcgegcgcgcgcgcgncnencnm(^<r)(r»m(<icne^m(*imreicncne^
UJ —

<

Q I

^>tinin«o<or-r^oo»o>oo-*'*eg<\jencngf>*^in>o>or-^coooo^o^OO-*-*cgeor^
> acoegco cgcgcoegesicgeo rricnmen en fcifcifdccifO en rncci rorei foretfcirOfC)-4-<j-xt'*'<-^*-vt>*-

-gv 't'4"-*'-l
- -4">*, '4"'4-

-*-«i'-4, -*''4v

_J -^
-. I

< «^>tiftu^o3^f^eo«<><roo>*'*egcororn>4-tfAif\^o3r~^oo<»o>OxoN00^-rfcococoo^
O aegegcgco(\jeoegcoeoeoencnenenenenenmenenenenrocnenenenre»(ticn>i-,i->^^^^

-4
I

>d'$"iri03o3p-f--coaoo*0>>00'-icgegmrci^.gviningjKoe-l^-ooooCT'O^OOO'^—4rgcgcjenrocnpeirnrrirnreiroccvrrienfnrncn
a'^^^eoegcocgeocgcgrn^cnenroenrnrnroenrcienr^nrnrncni^
-4

I

MiAin oO -or-r-ooooO>oOH* egeg encn-^- 4-inu*«<o-Or-r- oo oo(Nfooon r-teg eoegen po rnrn enmenrricnrnrornrnrrim
a| cgeo eo eg egegegeg corn en rn en en rn enen en rn en en enen enen en en f^» en SJ--4--*

- -!"-!- t-t t-t-#-t~?>t-t~t*)--t'?-t4'~t'4't
-^

I

oo(tr>mv0or-ooooo^o>o0i^^cgcgrnrn>^>^inmgig3f«-r-ooooo>(^00-j^-^egegegf^enrnenpnen^
0|cgcgcgcgcgcgcgcgcoenenenrn<^rnrnenenenencnrnenrnrn^enenen>*Ntof^

I

OH tfiOC t~- r- ooodc- o>oo--^<egegmcn^^uni^^xOr-f- ooaoo^o^oo^^ 1-1eg eg eoenm enenmm en en menmm en en rn
Ojcoco eg egeococoegcommmmmmmmmmmmmmmmmm mm^-^-^-^t-i-gfg)- •$ -a- •$ -4-^J" ****•«'-*'>*'*>*** ^fr-*"

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I l l l I I l

m^mg}f^oo<^0'*cgmg^^ft^r»oooN0'*eomgrlf^g^^*ooo^O'*cgmg>l^^gJl^ooo^O'*egmgrln*^^ooo^Or-cgmgf
u^iniriirmtrwngogogjoaoogsga^oogar-r-r^r-r-r^r-r-r-r-cooooooocooooooooooocr^o^o^^o^

I l| l u ll tt^t

TmZmIDI l-UJXO. vU.<IaujZIi,,i-h *

10



3106 04SS 4 eisfe!

REFERENCES

Baskerville, G. L., and P. Emin. 1969. Rapid estimation of heat accumulation from maximum and minimum tem-

peratures. Ecology 50(3): 514-517.

Berisford, C. W., Gargiullo, P. M., and C. G. Canalos. 1983. Optimum times for chemical control of the Nantucket

pine tip moth, Rhyacionja frustrana (Comstock). (In review).

Yates, H. O. III. 1960. The Nantucket pine tip moth - a literature review. U. S. For. Serv., Southeastern For. Exp.

Sta., Asheville, N.C Sta. Paper No. 1 15, 19 pp.



GEORGIA

FORESTRY
\.<r> s-

John W. Mixon, Director

J. Fred Allen, Chief of Forest Research


