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Populations of the Oriental Fruit Moth in Peach• and Apple Orchards in the Eastern States 
By H. \Y. Allen and E. L. Plasket, Entomology Research Division, Agricullul'al 

Research Service 

From 1929 through 1954 much inforlUation on the abundance and 
distribution of tlH' oriental fruit moth (Gl'al)holitha molesta (Busch:») 
was obtained at :Mool'('stoWI1, X. ,J., in connection with the study of 
l)arasites and ins!~ctieides. Since orcilar'clists arc now H,ble to reduce 
the fruit moth populu,tioD ncar']Y to the yawshing point, more at
tention should be given to UDSpr!1.\'ed orc.l.l!1t'ds in the yici.nit,)" of those 
that are well cared fot'. ~1ign);tion from unspmved fruit trees pro
ducing large ])opulatiol1s of these moUls could reduce the degree of 
control obtninecl in sprn.yccL orchards. 

Data on oricl1 tal fruit moth populations in 1\E'\\- JC't'S('Y werE' gaLherE'd 
jn ] 939 1111d 1940, before inst'eticicLe conLrols became !1vn;iiable, and in 
I,he E!1S[;Pl'll ~Hatl's from 1952 through 1954, after ol'gauie phosphorus 
insecti.cides lmd come in to genl'ral usc in J)('aeh orchards. These 
data are pl'esE'ntt'd in this bulletin. A fn\· observations from other 
veal'S ]mve also bl'E'll induded. 
• IVhile the literature on the oriental fruit moth is replete with 
observations on tlle percentage of fruit injmecl allCl the numbers of 
moths captmecl with sweetened bn,its, there are few reports in which 
data related to the spatial concept have been enumerated. Neis
wandel' and Vogel (5, l)P. 91-94·)' found on an aye rage a.bout 8 hiber
nating cocoons per used picking b!1sket ill stomge sheds in Ohio. 
Steiner (7) in 1929 and 19:30 made a careful study of the numbers of 
orIental fruit moth hibE'rtlaculae en and about peitch trees; his findings 
will be discussod at another placE' in t.his bullE'tin. Allen and Brunson 
(1) gave estlmfltes on the l1lllllbt'rs of oricntal fruit moths per tree in 
peach orchards in 1'\ew Jersey for 1938 and 1940, und Brunson and 
.Allen (4) for 1938-42. Brunson (2) in 1944 and 1945 made observa
tions on populations in nursl'rl(,s In N ('w Jel'se.v and :Maryland. In 
these nurs('ri('s he fmmd onI)' !1 few illslanC'es where any speeies with 
infested t\\-igs lw,d lUorc thnll 1 In.J'Y!1 per 1,000 trees. HoweyCl', 
there wel'e moclemte JlUlnbel's of lal'\"lle in auy 'fruits of flowering crab 
!lpple and :flow('ring quince that were JlreSE'ut. In 19.52 and 1953 
Brunson (3) publisbt'd ('stimates of llw oric'nUll fruit moth illfest!1tio'l 
in pcaeh twigs in bearing orchards. 

'rhe orient!);l fruit moth has a considemble capacity for migmtion. 
Steiner aod Yetter (8) found thut the 1ll0tltS migrn,te froely between 
orcharels up to Hutile apart, and not infrequently between orchards a 
mile apart. 

,~rhel'l'yer feasible the counts and estimates of populations recorded 
in lllis bulletin are pr('senteel as the number of laryae matmmg per 
tree. Sincc the number of peach trees ])('1' acre does not yn,ry widely 

• 
from 100, the awrilge in New Jersey orch!1rels being 93 according to 

.I Italic numbers in parnnLheses refer to I,iterature Cited, p. 13 . 
1 
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Pitt and Brammer (6), tree estimates for peach are readily trans
formed into estimates per acre. 

ENVIRONJ\·1ENTAL FACTORS. 
Peaches are grown commercially in many counties of the Eastern. 

States. In some counties commercial orchards are several miles 
apart, but peach culture tends to be concentrated and in many 
districts the orchards are less than a mile apart. However, even in 
an important peach-growing district such as Burlington Oounty, 
N.J., which has approximat.ely 3,000 acres of peach orchards, this 
crop occupies much less than 1 percent of the total area. lv[ost of 
this acreage now receives regular insecticide treatment for control of 
the odental fruit moth. 

.Abandoned peach orchards are not common, and in them the trees 
that survive more than a year or two usually have no fruit and the 
tw:ig growth is unacceptable to the fruit moth. A few small bearing 
orchards still receive no inRecticides except lead arsenate and paradi
chlorobenzene, wmch a!'v not effective against the oriental :fruit moth. 

In 1956 a limited survey among the peach growers of Burlington, 
Camden, n.nd Gloucester Oounties in New Jersey showed that of 22 
contacted, 91 percent sprayed for oriental fruit moth control and that 
96 percent of theiT acreage o:f bearing pe/wh was tl'en.ted :for this pest. 

Almost one-fom·th of the New Jersey peach acreage in 1946 was in 
nonbearing trees of 3 years or younger, according to Pitt and Brammer 
(6). Some growers spray the young trees to eliminate the first two 
generations of the Ql·ien tal fruit moth, bu t mallY give them less careful 
attention than they do the bearing ore-hard. Row eI'Ops are froquently 
grown in nonbearing orchards, and th('se crops usually hinder or 
prevent early-season spraying of the :roung peach trees. 

The large commercial apple am·eage is genemlly well cared :for and 
not lilwly to produce many oriental fruit moth'1. However, there is 
also a large acreage of abandoned or neglected cLpple. In the Coastal 
Plain abandoned ~Lpple trees teud. to d.ie OUG within a few years, but 
in the meant.ime some of the t.rees may set a normal crop, often more 
than 5,000 fruits per t.ree. Some years when the trees are nearly de
foliated by insects or are heavily infected with scab, all Lhe fruit may 
drop early iu the season. In other years ma.ny ·of the trees may carry 
nearly a full crop throughout the growing season. In the hilly country 
west of the Ooastal Plain, unsprayed mature apple trees also occur 
singly and in small groups in pastmes and ,,,ooded mvines. In this 
area the trees persist many years in a fl\,irly vigorous condition and 
are frequently weilloaclccl with fruit. 

Veri late peach varieties such as the Knmunel and Iron ~Moun tain, 
and quince, once conunon in the Northeastern States, are now no 
longer grown except in a few localities. In l·espect to neighboring 
orchards, nurseries are not important sources of an oriental fruit moth 
infestation. They arc few in number compared with fruit orchards, 
and Brunson (2) found that the nurseries rarely produce many fruit 
moths, either in fruit trees or in ornamentals. 

1-.1any susceptible orchard trees and ornamentals are grown which 
are !'lot regularly spmyed :for oriental fruit moth control. Village, 
suburban, or farm homes are frequently ncar commercial orchards 
and may have unsprayed trees or shrubs on which relatively large '. 
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numbers of oriental fruit moths mature. However, no data on such 
infestations are available. 

• POPULATIONS IN BEARING PEACH ORCH..i\.RDS 
In 1939 and 1940 the observations were made on 12 orchards of 

bearing peach trees in Bmlington, 1I1ercer, and Gloucester Oounties 
in New Jersey. .All the infested twigs from marked sample trees were 
collected at 4- to 6-day intervals during the first two generations of the 
oriental fruit moth. In each orchard about 5 percent of the trees, 
reguhu'ly distributed through it, were used for these records. 'rhe 
uuml.wr;·; of matmo larvae reared from the collected. twigs were used 
to estitJl~\te the moLh populat.ions. At the time of eaeh twig collection 
all iruitd dropping from another series of marked sample trees (ab011t 
1 percent of all the trees in each orchard) were collected ancl the llUm
bers of matm'e larvae issuing from them" were recorded. 

At harvest, the rate of illjury \"t1S determined from 400 fruits taken 
at random from the trees in each orchard and also from another sample 
inducling all the ripe drops from 10 to 20 t.rees. These observations 
were made on the ,-carie-ties Elberta and Summercrest, or others 
ripening at about the same time. The fruit load ,,'as estimated by 
counting the fruits at harvest on 10 trees in each orchard. The Ol'iental 
fruit moth popula Lions in bemin'?; peach orchards ill 1939 and 1940 
are show11 in table 1. . 

TABLE 1.-Estima.ted number of oriental fruit moth larvae per tree of 
bearing lJeach in New Jersey, 1939 and 1940 

ThirdFirst Second generagcneration- generation tion-ICoun ty and orchard --------1'.------:----j'----
number In! InIn t In In ripe

immature I' immature fr'ul'ttwigs fruit I twigs f'nui; ! 
Observations in 1939 

Burlington:Orchard L ___________ _ 13.9 5.7 11. :3 3. 7 252 
')--------- .. --.--. ~). 3 5. 9 5. \l .7 1723____________ _ 7. 6 3.5 5. 8 1.5 1184 _____________ 1 10. 5 '.k 9 11.2 2. 5 53 

nfercer: :Orchard L ____________ , 7.6 .7 2. 9 1. 0 168 

Observations in 1940 

B LU'lington: IOrchard L ____________ 10.0 2. 9 I 2'1. 0 O. 9 1822_________ ... ___ 31. 2 I 9. 8 I 18. 2 4.8 3413_________ 
- -- 38. 1 6. 5 44. 4 10. 8 I 2664_____________ 8. 0 2. 1 I 7.4 1.8 242 

Gloucester:Orchard L ____________ ! 15.1 2. 9 20.5 4.1 942______ .. ______ 7.7 1.6 ]3.7 2. 0 85 

• 
3_____ .... __ ... _- 9. 1 2. 7 (j.<lr- IO. 0 357 

---•.....,.-,------.-,..~--~-~,--. ~ ~>-.- .. ~--.- •• - -.- .. ~--~'"'---~~ 
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III 1939 there were 3,497 tre('s in tbe orcbards observed. Of this 
total, 173 were t\\'ig-sam1)le tr('('s and 33 were inunatme-fruit-sample 
trees. Dl1l'ing the JU'st two gencrations, about 7,700 ini'cstl'Cl twigs and 
39,700 immature fruits wcre ('ollect('d from (.hese sample trPl's. In • 
addition, 2,000 ripe fruits were picked from the trees and 2,360 ripe
fruit drops were collected and examiu('d. Tbe estimatcd fruit load pCI' 
tree in thpse orchards rangod {rom 419 to 720. 

In 1940 ther(' wore 6,641 tl'eos in the orcbards obsel'vocl. Thol'o ',,"pre 
355 b\-ig-sample trecs and 63 itmnature-fruit-sample kees. F)'om 
these trees, about 59,1.00 illfcsL('(l twigs and 38,170 immnture fruits 
w('re collected. In n,ddiLioll to 3,1.50 fruits picked from the trees at 
harvest, 3,250 ripe' drops were also ('xamin(~d. The estimnted r1po
fruit-load pel' tree mngecl, in the several orehards, from 494 to 1.,234 
fruits. 

From 1952 through 1954 Lhe eollcctions oj' infested twigs wel'(' U1ueh 
less extensive, tho SUtTey oj' infestation in iuunatme fruits had be(,n 
cliscon tinlled, r1pe-fnd t cll'ops were no long('r eXanllnl'Cl, nnd fru it-load 
counts were no longer made. Howeyer, the method of l'stimllting 
injmy in tree fruit n.t harvest remained the same in othol' ]'('sPl'cts. 
Data on the fruit load of benring peaches in southl'rn 1\1e"\\' Jersey at 
harvest thn t had been obtained 0\'(']' a period of 5 years by ('olmting 
the fruits on 580 trees in 58 ordltlrds showed an a"\T('1't1ge load of 688 
peaehes. This average was usl'd in 1.952~54 as a seasonal average in 
estimnting the Inl'vae pOl' tree at ]uu·wst. Popll1aUon l'stimat('s were 
made in several orchards in Bmlingbon COlmty. All the infes{,ecl 
twigs were collected from 10 m:1J'ked sample trol's locllt.ed abou t the 
periphery OJ each orchard slll'Yl'ypd. The insects in the twigs WE're 
reured ancl the esti.mates pel' trec were based on the lnl'vac which 
matmod. 

For 1.952-54 the l'l'sults of observations in orchards receiving appli
cations of insccticidl's for oriental fruit mo th con trol UJ'e separated 
from those where no sue11 control was used. In fill the orchards 
sprayed to eontrol this moth, parathion 01' some equivalent phos
pllOrus insecticide was used. Data on pOPluations iu bearing peach 
ol'chal'(ls for these :frat·s are prescnted in table 2. 

Fil'st genemtion.-lt scrms evident that in 1.939 und 1940, as well 
as in many other years before organic phosphorus insecticides wcrc 
used, a ]{lJ'ge pottion of the iiTst-gcneration lalTae developed in com
merCitll peaeh orchards. In the 12 beUJ·jng orchards surveyed those 
yeUJ's in the 3 New Jpl'sey countjl's, the first-generation population in 
twigs ranged from 7.6 to 38.1 and ayemged141al'vae per tree. There 
seems to have been as great a variation between ol'ehal'cls as bl'tween 
countil's. As shown in table 1, the number of larvae developing in 
the sma.ll immatme pea,ches varied widely from orcbard to orchard 
without any appUJ'ent relationship to other elata. The larvae reared 
from immature fruit drops ranged :from 8 to 39 percent of the total 
lnrvae J'rared. 

N ow that phosphorus insecticides are being widely used in early
season sprn,ys in ('ommel'cinl peach ot'ehal'ds, Jirst-gellPl'ation popula
tions Ju1.ve bel'n tremendollsly red u('l'd in bN1ring orchUJ'ds. For 
1952-54 the average population in the orchards sprayed for control 
of the oriental fruit moth was 0.14 larva per tree, 01' nbout 1. larva • 

http:locllt.ed
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to 7 bearing trees, whereas in those not sprayed for fruit moth control, 
the average was estimated to be 6.1 lanrae per trN', or about 40 

• times the population of the sprayed orchards. 

TABU] 2.-E.<slimalecZ n'umber oj oriental jruit molh larvae lJer tree oj 
bea.ring peach in B1ll-lington County, New Jersey, 1952-54 

~~~- .._---"- First ~enertttion : Second generation IThird ge[J~~:~~-
Spray used for orient!ll' I I ' f I 

fruit moth control 	 I N~lm- IAverage I Xum- '.' A\'eruge! Xum- A\-erage 
: bel' of number bel' of number: bel' of : number 
1 orchards: of larvael orchards of Illl"\·ae'. orclHlrds'. of lllr\'ae 
i j 	 It: 

Obsernttion:s in 1952 

Early__________ .<_, 5 O. 2 ;; O. 7 :n7 
PrchaI"vcst __ . 11. 5 
:'\one__ _ .) 12. 2 1GS. 0 

()bS('I"\"~ltiollS in 1933 

Early••_ .__ . __ .j D 1 O. oj 5 lB. J. 5 
Prehan'ei'L __ - . 4 ,I..!) 
Xone•. _. :{ 7. + 3 Hi. 7 G 121. 0 

()bsl'rvat 1011:5 in 1954, 

Early____ .. -J (I. 1 U. -t + 5. 5 
Freharv('st _ . 4 IUo 5
N on(' ___ .• __ ... __ _ .) _. v n. 5 5 0;3. U 

A\"prage~, ]\)52-54 

Early _. ____ . 14 O. J4 14 00 G 14 1404 
l)rehlln-(':;L .. _ 	 11 S.7
XOlle__ . ____ •.• ____ . S G. J 8 12. \) 17 121. 0 

Srcond generation_--In the same orcharc1s obsen-ations wen' made 
on the infestation by the second generation of the fruit moth. Before 
organic phosphorus inseetiC'ic1es were used, bearing peach orchards 
,,-ere usually heavily infested during the second geneJ."ation, and both 
succulent twigs and immature fruits were attacked. The estimates 
of this generation in infested twigs ill these oJ."eharcls in 1939 and 1940 
(table 1) ranged from 2.9 to 44.4 and ayeraged 14.3 larvae per tree in 
twigs. 

• 
Although the oriental fruit moth has a reproc1ucti,-e potential of 

about 75 to 1, this strong capacity for increase apparently was gen
erally inefi'ectiye in these peach orchards. In fact, in 7 of the 12 
orrhru'c1s the population of the second generation was smaller than 



6 TECHNICAL BULLETIN 1182, U. S. DEPT. OF AGRICULTURE 

that of the first. During the second generation a considerable fraction 
of the population occurs in immature peaches. This fraction also 
varied even more widely in the second than in the first generation, 
ranging from 4 to 63 percent of the larvae maturing in twigs. • 

Wllen phosphorus insecticides were used in 1952-54, although the 
early applications were usually terminated about a month before 
second-generation larvae began to appear, the populations in the 
early sprayed orchards remained very low. '1'he average of 0.6 
larva per tree for the 3 years observed is a fourfold increase from 
the fIrst-generation poplilation, but is less than one-twentieth of the 
population in the bearing orchards not sprayed for control of the 
oriental fruit moth, and a,bout one-twenty-ilith of the second-genera
tion population observed in twigs in 1939 and 1940. 

Third generation.-The thll'd generation of the oriental fruit moth 
occurs mostly during the harvest period of the most abundant varieties 
of peaches such as Elberta and Summercrest. During this period and 
for the remainder of the season, peach twigs are woody and no longer 
acceptable, and nearly ull the larvae infest the fruit. In 1939 and 
1940 the estiInated population of larvae in the orchards increased 
sharpl)~ during the third generation (table 1), with no apparent 
relation to the numbers present during the previous generation. For 
example, in orchm:d 4 in Burlington Oounty the population increased 
from 7.4 to 242 larvae per tree, but only from 20.5 to 94 lanae in 
orchard 1 in Gloucester County. TIle number of thll'd-generation 
larvae per tree in the 12 orchards ranged from 53 to 357 and averaged 
194 larvae. In all orchards there was a substantial increase from the 
leyel of second generation populations. 

In 1952-54 in the well-sprayed lJearing peach orchards (table 2) the 
third-generation fruit moth population was reduced greatly below the 
large numbers found in the orchards before insecticides effective 
against the fruit moth were commonljT used. In orchards receiving 
preharvest sprays the average infestation was about one-f01ITt6enth of 
that found in the few orchards that received no spray for fruit moth 
control, and was less than one-twentieth of that in the orchards in 1939 
and 1940 before effectiye insecticides hecame available. In the 
orchards receiving only early-season insecticides against the oriental 
u'uit moth (1952-54), there was a substantial increase from 0.6 larva 
per t.reein the secolJd generation to 14.4laryaein tLe third. However, 
this average wu.s still relatively insignificant and far less than the 121 
larvae per tree observed in orchards thatl'eceiyed no spray for oriental 
fruit moth cOlllro1. 

Om data indica.te t.hat, of the a.creage of bearing peach which 
receiYes spray applit~atioJ)s for oriental fruit moth contro], a lal'ge 
portion maintains yery scanty populations during the fu'st three 
generations, much less than those prevailing before insecticide cont.rol 
was available. Thereafter, there are neither twigs nor fruit to sustain 
a· laryal population. The small portion of the aCl'eageof bearing 
trees not receiving any treatment for oriental fruit moth control 
continues to produce heavy concentrations of these moths during the 
£lrst three generations, but particularly in the third generation which 
attacks the fruit a,t harvest. 

• 
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POPULATIONS IN YOUNG PEACH ORCHARDS 

• A. study of the oriental fruit- 1l10thpopulat~ons in young peach trees 
in N ew Jersey and New York was made from 1952 tlll'ough 1954. 
Normally tIle tender b\rigs in peach trees of prebearillg nge are infested 
during the [ll'St two generations of this muth, but after lhe twigs 
harden in July this infestation almost disa.ppeal's. 

First genemtion.-Observn,iions 011 the fll'st-generation moths were 
made in peach orchards of prcbearing age ill BUl'lillgton County in 
1952. A.ll the infested twigs from a definite number of sample trees 
were collecled twice during the ])cnk of first-generation injm.\'. A 
Rtudy of earlier reeol'ds showedllw.t the number of larvae rNlrecl from 
two ('ol1e('tions at t!JC peak of infestation was about half the total 
for tbe entiTe gcneration. ThereJore, the populatiOll was estimated 
by multiplying b~' 2 the llUmbel' of insects reared pel' tree. 

The estimated first-genem Lion population per tree in 5 unsprnyed 
oJ'('hul'cls of pl'cheaJ'ing age rnngecl :from 0.1 to 4.2 lal'\'ae 1)('1' trce and 
aYl'l'Uged 2.1 ImTae-llludl lcss thall the usual nu])]bcr infesting 
twigs in beaTing unsprayed peach [rces. HowcY('r, it was gl'ca tcr than 
that rearcd from bcaring trces sprayt'd 1'0]' eontrol of the oricntal fruit 
moth. In 5 ol'c1wrds of young il,(,('s in the same eounty tllUL had 
]'c('cincl c'arly applieations of orgallic phosphorus insccticidc's, the 
f'stimatcs J'tmged from 0 to 1.9larY[lc und avel'Ug('cl 0.6 larva pel' tr~c. 

Second gencl'olioll.-Ill 1953 an ('stimaLe wus made of the sccond
gCllt'1'U tiolllarvae in t,,-igs 01' ullspruyt'Cl pcach trces of ]JrC'bcul'ing age 
or 'with only a partial crop in orehards in 1\cw Yol'1\: and .KC'" J ('rscy. 
'1'11(' proec'du]'c wns similar to that dcs('rilwd for the first gencraiion. 
It had b('c'n dt'icl'miupd from lll\])\('I'QUS pUl'licl' obs('tTutions that the 
total nUlllbcl' of s('eond-gen(,l'ation fruit moths was about ('gual to thp 
number rearcd frolll two collections llUld(' at the peak of the brood 
times 1.41. This factor was lIs('d in ohtaining the estimatc. 

'1'110 estimatedlllllnbt'l's of 1al'Ya(' pel' tree in 8 young orchards not 
spra.yC'd for oripntal fl'ui t moth ('on troI wcre as foUows: In New 
York-Orange County, 5.3, 7.9, and 31.2; 1J]stC1' COlluLy, 11.1 and 
15.4. In N t'w ,J('l'Sl'Y--Suss('x County, 2.7; ICYUl'l'C'n County, 4.0 and 
14.11mTae. AYCl'agp-ll.5lnlTae. 

TJ)cse infcstations ,,'pre not dcuse and cYcn sc(']))cd light when 
(·o.mpared wiih those in hcaring pcach tl'C'cs in 1939 and 1940. How
eYcl', w11cn compaTPd with infestations in bearing ppach trcps ill 
] 952 and 1953) il1CY WC1'O cstimatcd, 011 the aYf'J'Ugc, to b(' abouL 
l5 Limes as h('aTY as the populations of the bcal'ing orchard spraycd 
with organiC' phosphorus insecticidcs during the fIrsL gCIH'rntioll, and 
10 timcs as heu,-y foci those dll1'illg the s('('ond g(,JH'J'Ution. Since!L 
large acreage of young pt'ach trecs was not spmycd, and Inuch of it 
wus dose to bearing orchards, most 01' tJle first. two gCJH'l'U tions of 
moths t'merging jn pea ('h tl'PPS probnbly origina tcd in the young trces 
un cl wcre wi tll in ('asy mif:,'1'tt ling clistaIlces to the bcaring tr('cs . 

• 
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POPULATIONS IN APPLE ORCHARDS 

In unsprayed a}Jple o7"cha1'(ls.-In 1952 through 1954 n sLudy was 
made 01 the oriental fruit moth population pl'('scnt in unspraycd 
apple orchards in Connecticut, New York, New ,Jersey, ).1aryland, •Virginia, \Yest Yirginin, and North Carolina. The results arc shown 
in tn.hIe 3. 

Field collections, usually of about 20 pounds of fruit, wrre inkm in n 
random transit of the orchards. The fruits were countcd and enelosed 
in doth-conted tra.ys which had been l)eated to destroy any stray 
insects. After 1wing h('Id for 20 days at forcing t('mp('rntures, each 
tray was discnnl('d to avoid any ('ITOI' clue to n srcond gen('rution 
that might b(' propagated by (,merging moths. The number of 
lUlTae that matured per 1,000 fruits ('oll('ct('(l was us('d in estimating 
the drgree of infestation. 

Since the fruit load on unsprayed tr('es is so Yfil'iable, estimates 
of the .llvC'l'agc numb(,l" of oriental 1ruit moth larvile pC'l' tree would 
han' little significance. SOJl)(' unsprlly('d treC's ar(' YCIT heavily loaded 
llIlCl start the sC'aSOll 'with morC' tIl!'ll 10,000 fruits; others mlly have 
no fruits. As tIlC' S(,ll.son progresses the numbrl' of tr('t's "ritbout 
fruit. increases, llnd tht'1'e is a continuous lwluction in the numbers 
of frui ts ill ht'twiIy 10adC'd tn'('s, although in somt' sC'asons II large 
number of trees (,fllT~y a neurly no1'111ll1 loud unlil October. 

For the se('ond generation 4:3 sam pit's of apples were obtained from 
orchards in 9 coullLit's diRt1'ibllted ill New Jersey, :MaryIauci, \Vest 
Virginia, and Virginia. )'lodt'rute to lnrgc populntions werr found in 
Atlantie, Burlington, and Gloucester COllliles, N. J.; \Vashington 
CounLy, :Md.; and in Berkeley and J(,[rersoll Counties, ,Yo Va. Since 
the fruit load on many tJ'ees was heHvy eady in the season, presumably 
up to 13,000 per tret', the population oHen exceeded 100 larvae P('I' 
tree and in some trt'es may have exceedt'd 1,000 larvae. 

Late in July 1956 the fruits on one unsprayed mature apple tree in 
vigorous eondition and modemtely well loaded were picked and 
counted. A total of 13,240 fruits was obtained, eertainly not the 
maxinnull number for trees in the area surveyeel. From it sample of 
400 fruits taken at thjs time, 27 moths were reared. The estimated 
population of the second generation in this tree at the time the count 
was made was 894 larvae. Since the sample included only the larvae 
and eggs then presen t, it is an underestimate of the population that 
would have matured during the whole of the seeond genemtion, which 
lasts about a month. The rate of infesta,tion on this tree was 68 
IalTae per 1,000 fruits, ,,-hich was higher than tIle avemge for second
gt'nt'rfi,tion infestations found in 7 ullsprayed orchards sampled in 
sou thern Now J ersev. 

ObsenTations for the third generation were more t'xtensive. A total 
of 103 samples was obtn,inedfrom 20 counties from eastern Connecticu t 
to northern North Carolina, and orientn,l fruit moths were rem'ed from 
all but 3. In 1954, when midsummer was genemlly unfn,yomble to the 
oriental frujt moth, mallY samples yielded no fruit moths and the 
averageswel'e frequently less than 10 lal'vn,e per 1,000 fruits. How
ever, large numbers were rearcd hom. some of the samples from 

• 


Conneetit'llt. 

• 
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TABLE 3.-0riental fruit moth larvae per 1,000 fruits -in unsprayed 
apple orchards, 1952-54 

Second generation 'rhird generation IOverwintering generation 
I------~---------:-----~---------- .• 

I Number of lar· INumbe. r oOnr· 'I' INumber onar·
State and county Number vac -r-Tumhcr 'vue Number yue

of or· of or· I of or· . 
ehanls -------,--- chards ·-----I.--! chards I j 

Range A," Range , Av· r I Range ! A,·· 
Ierage 1eruge ! Ierage 

Observations in 1952 

New Jerse~·:. II' 

• .\t1!mtlc..•.•.•• _.•.L...-..--- __ ..........-. .. , 

Burlington_ •• _ .•• _• .] 11 2-42 16 I 

Camdell._ .•. -- ••.•1............._..._.. ,. __ ... , 

G1oucester.•••••.••• ..... -- --!'" ............. -: 

Salem •••• _ ..... __ ............................ .
j 

i Obseryutions ill 1953 

New York: 

Onmgc•• __ •. 4 62-107 76 

Ulster____.•.•...•. 5- 0-104 33 


Ke\\' Jersey: 

Atlantic_ •••.••.•... ! 3 i 27-294 2 21-29 


Burlington••.•..... 'j' 8 ! 5-82 ~ 99-179 

Camden........... ,.- .......1. , 
 ,~ ,:: I :::::::f::::: 
Cumberland __ ...... 1 1 .•• __•••.. : • ___ . ___ ~~;"V ... ----'"1 -"-- ... . ,Gloucester..••...••• : 7! 80-424: 26(; -l 

~ II 4:)-292' 151 
Sussex••.••.•••••.. .!..........!...... 0-44 I 13 
Warren••...•••.. __ 1......._.. ; . I I O-iS! 2'2 

,'--------------------------------
I obscrmtiolls in 195-1 

Connecticut: ; I: 'I i I I 

63~~i~~~;~e;~:::::~::{:::::::t:::::::t::::i ~IfC:io~;;:l 4:~ !...---..~. ~===:=:= ..: 
79 

198~:~: ~l~~~~:=:::::.l::::::::::l:::::::::::,:::::: ;I ~=~~ ~I' 115 I 2 181-214 24. . 29 i 
New~""ork; i : i, I ;

Orange__ ._••• _•.•..! .......... : .......... L._._. ~ I 62-107 7ti -.---.---.j 28 
Ulster_._ .••___ .... !.... , ...1........... _ •. " . 0-104 33 : 2 33-1357. 695 

:-rew J ~rsey: ! i, I : 
Burltngtoll __ ._._. ___ :.... -..••. ,"'" ..._.: __ .. __ ; 4 I 0-31 15 3 1 17-003 I ~S;l 

1;6g:~~~;::::::: ::: :::::::::.'::::::::::1::::: i:::::::::r::::::::l:::j 2:)0 

Sussex_._ ••• __ ••• .._ ...... _ •• _•••••• .i .. _._.~ 21 O-u I 3) o ~ --.:~~~J 
2 31-57 j HM~~~~~~-;··---·-·" ..•- ••.. -•........ (.--.- 3 r·..-..··, 0 i 


f
Wp.shington ____ "__ 6 0-56 i 13 9 . 0-2.3 ' 5 4 j 8-52 i 30 

West Vir~illia: I I! 
Berkeley____•___ ._.. - .••..::.f 75 I 3,__ •• _. --- 0 21 59-71! 65 
Jefferson __________•• 2 31-.0 53 4 0-11 3 

I 1.--..-----1 o 
Xorth Carolina: 

Alexander___...... _ •.•.••• --. -.- .......... -•• ' 21! 0-8 2 39-462 j 250 
4 :129-.-•.•_._.1~,~:e;.~:::::::::::: :::::::::. :::::::J::::':l ~ ,'" 131-322 J22I;0-11 I) 

\"irginia: I 
I' j I

_~Jhenmrle •••_•.•••• 3 0-91 4 ,._",~",,,,,,,_,,!,,~, __ , .. ,~. r ... ~_ ... ~ __ ,_..... ___ (_ ... _r_ ..... _ .... IM_" ... _ 

• 
Shenandoah•• __••__ O ,_____ •.•••1 '! i ......-•. 1 J -.~ .. -~ .. ,,~ -.- .... ~;,,~"' .. - ... - ...... ... -- .. -----1""-_ ...
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In 1952 and 1953 much larger numbers were reared, with evidence 
of moderately heavy concentrations in orchards in the Hudson Valley 
and southern New Jersey. ,Vith probable fruit loads as high as 
10,000 per tree, in numerous orchurds single trees probably produced • 
as many as several hundred oriental fruit moths during the third 
generation. There was no uniformity in the rate of infestation from 
year to :rear, and the second-generation infestation in an orchard ,,,as 
sometimes greater, sometimes less than that of the third generation. 

Observations on the o,~erwintering generation are available only for 
1954. Samples were collected from 31 orchards in 17 counties from 
eastern Connecticut to northern North Carolina. No oriental fruit 
moths were, reared from samples from 3 of the orcllfirds, but moderate 
to large numbers were obtained from the others. With many trees 
bearing at least a. thousand fruits at that time, there were again many 
single trees with infestations of several hunc1redlarvae. Hea,-y con
centrations were general in these States. There was evidence of a 
sharp increase in the popula tion of the orien tal fruit moth in un
sprayed apple from the third to the oYel'wintel'ing generation. 

In sprayed apple ol'chal'ds.-}Jthough in the earl:r years of oriental 
fruit moth in:festaiion a number of obselTers recorded rather heavy 
inj my to apple, no infol'ma.tion was usually reported on the insecticide 
schedules employed. The authors haye never observed a heavy 
infestation of this moth in a})ple orchards where the codling moth was 
being e£l'ectiYely controlled. 

In 1932, 11 samples of apples from roadside markets in Burlington 
County were examined. The varieties were Grimes Golden, Delicious, 
Sta:yman, and Rome, alllil~ely to be infested with the oriental fruit 
moth. :'\fost of the samples probably came from poody spmyed 
orchards, since the average coeiling moth injury was about 11 percent. 
The average oriental fruit moth injury ,nlS 3.3 percent, and in lightly 
loaded trees this average would give at least 33 laryae per tree. 
Heavily loaded trees might have fiTe times as man:r. 

In 1946 an examination was made at haryesttime of 11 samples of 
apples from well-sprnyed commercial orchards in Burlington County, 
of the varieties ,\Yealthy, Red Delieious, and Stayman. Less than 
0.2 percent of the fruit was injured by the OTiental fruit moth. Even 
on heavily loaded trees this a,~erage would gi,-e a populatioll of 
scm'cely 10 lulTae per tree. 

DISCUSSION 

As these data show, there has been a significant change in the dis
tribution of the oriental iTuit moth population since organic phos
phorus insecticides have been commonly employed in peach orchards. 
Over a large portion of the mature peach aereage, whieh formerly 
produced large numbers of these moths in each of the first three 
broods. there are now very few. 

During the first and second generations modernte to dense popula
tions were obs21Tecl only in unsprayed young peach orchards and in 
the occasional mature orchards where the organlc insecticides hnd not 
been employed. At the time of the second generation the young 
apples ha,-e started to grow, and moderate to dense concentrations of 
fruit moths also oceur in unsprayed apple. • 
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At the time of the third generation, pellch twigs have hardened so 

• 
that until the end of the year the oriental fruit moths breed chiefly in 
the fruit. Only small numbers manage to establish themselves in 
well-sprayed peach orchards, and most of them are removed with the 
harvested fruit before the worms have become full grown. Of the 
very few which cocoon in the orchard, a considerable portion emerge in 
August or early in September and have to migrate out of the peach 
orchard to locate acceptable food. Steiner (7) in 1932 showed that 
mature Elbertas, with a normal crop which was moderately infested, 
had an average of only 2.5 hibernating cocoons per tree. The number 
now hibernating in well-sprayed Elberta probably average far less than 
1 per tree. During the third generation, unsprayed apple continues to 
sustain a large portion of the population, although dUl'ing unfavorable 
weather the number may be less than during the second generation. 

The capacity of unsprayed apple to produce large populations of the 
oriental fruit moth, particularly in abandoned orchards that are not 
pastured, is greatly enhanced during the third and later generations 
by the presence of an abundance of food until the end of the season. 
Since the fruits remain on the trees or on the ground beneath them until 
they decay, the population is not reduced by a removal at harvest of 
the wormy fruit, and there is no necessity for migration of moths in 
search of acceptable food. Since quinces and late peaches are no 
longer commonly grown, unsprayed apple, which is frequently heavily 
infested, apparently produces most of the overwintering generation. 

Our studies indicate that tbe first genera.tion has become the most 
vulnerable period in the seasonal cycle of the oriental fruit moth. It 
is possible that skillful use of insecticides in the few bearing peach 
orchards and in the young orchards that have not previously received 
early sprays for oriental fruit moth control would reduce the popula
tion for any district to an extremely low level. There is no other period 
during the year when the population for the entire district can be 
reduced by means that are readily available. 

The di.:;tribution of the oriental fruit moth population dUl'ing the 
second generation is especially important, since the moths of this 
generation produce the worms that are chiefly responsible for injury 
to the peach crop. Unsprayed apple trees beating fruit, or peach 
orchards not sprayed for oriental fruit moth control, that are within 
migrating distant>e of well-sprayed peach orchards may provide an 
influx of migrating moths into sllch orchards. The portion of the 
second generation surviving parasites in unsprayed peach orchards is 
usually low and is frequently less than 10 percent, but the portion 
surviving in unspra:yed apple is much higher-74 percent in our observ
ations for 1953. Unsprayed apple, therefore, becomes incr.easingly 
important as a source of oriental fruit moth infestation. 

Disregarding the factor of parasitism, well-sprayed bearing peach 
orchards in southern New Jersey in 1952-54 produced during the 
second generation about 50 to 60 oriental fruit moths per acre. 
Since at the time of this generation fruit loads up to 10,000 per tree 
were not uncommon in applt:, the data in table 3 indicate that there 
are single unsprayed trees which produce more than a thousand fruit 

• 
moths during this brood, or as many as produced on 18 to 20 acres 
of well-sprayed peach . 



12 TECHNICAL BULLETIN 1182, U. S. DEPT. OF AGRICULTURE 

SUM1VIARY 

In many years of study of parasites and insecticides for the control ". 
of the oriental fruit moth (Grapholitha molesta (Busck)) in the Eastern 
States, many dataon population densities were collected at Moorestown, 
N. J. Data obtained in 1939 and 1940 are presented to show the 
status of infestations before insecticide controls were available, and 
from 1952 through 1954 after such controls had been developed. The 
best crop, protection is obtained in orchards which are not only well 
sprayed but which are not exposed to large migrations of moths from 
nearby foci of infestation. Data are presented to show where and at 
what times such infestations may e..,-"1st. 

In studies of populations in bearing peach orchards in New Jersey 
in 1939 and 1940, on an average there were 14.0 larvae per tree in 
twigs dUTingthe first generation and 14.3 during the second generation. 
In the third generation the average was 194 larvae per tree in the fruits 
at harvest. From 1952 through 1954, the populations in well-sprayed 
bearing peach orchards was about one-hunch'edth as much in the first 
generation, one twenty-fifth as much in the second generation, and 
one-twentieth as much in the third generation. 

Despite the decimation of oriental fruit moth populations in well
sprayed peach, moderate to heavy populations continue to be produced 
in young unsprayed peach orchards and in neglected, unsprayed apple 
ol'chards. There are large acreages of both the unsprayed peach and 
apple, and much of it is located within easy migrating distance of 
well-cared-Jor peach. 

In young peach orchards in BUTlington Oounty, N. J., estimated 
from rather limited observations, the nUIllber of larvae produced 
per unsprayed tree dUTing the first generation was about 15 times 
as great as that in bearing sprayed orchard, and dUTing the second 
generation 19 times as great. Despite these large differences, only 
2.1 fu'st-generation larvae were reared per tree from unsprayed young 
peach trees. For the second-generation populations in New York and 
New Jersey there were 11.5 larvae per tree. 

Observations made on unsprayed apple from eastern Oonnecticut 
to northern North Oarolina from 1952 through 1954 show that moder
ate to heavy infestations OCCUT generally from the time of the second 
generation until the end of the season. In the area studied, unsprayed 
apple appears to be responsible for producing most of the oriental 
fruit moths matUTing from August until the issuance of the last over
wintering larvae. The nUIllber l'eared per 1,000 fruits ranged from a 
few or none to as many as 424 for ,t.he second generation, 435 for the 
third generation, and 1,357 for th' )verwintering generation. Many 
single apple trees pmduced far ': . e larvae than did several acres of 
well-sprayed peach trees. 

Bearing peach orchards which receive no insecticides for oriental 
fruit moth control continue to be nearly as heavily infested as before 
effective sprays were available, but such 'acreage is comparatively 
small. Very late peaches are now grown in only a very small part of 
the area occupied. by fruit, and they no longer contribute a consider
able portion of the overwintering population. 

• 
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