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ABSTRACT Cory (1911) studied the habits of the moths during

and/or pupae of the peach tree borer were dug from mating and noted that caged females mated twice. He

pwhl‘ trees and incubated in the laboratory. Adults that emerged also reported on egg laying and on the time of pupation

or adults collected in the field oviposited in paper bags. The and emergence of the adults in orchards. Becker

eges were m"‘m&tg im?mmﬁfﬁodm?f (1917) also reported on the habits of the moths includ-
rﬁ% Adult longevity was also investigated. Pesti- ing time factors of pupation and emergence.

cdes were applied at various intervals to dormant-budded Gossard and King (1918) studied the life history and

“pursery trees,” prior to and after budding practices, over a noted some of the natural enemies of the borer. The

e pERoUL.. CElisi [DESC ptEEtion (o) o th, (tesis, s o bisined first report from Tennessee was by Butler (1930, 1931)

who observed emergence dates and determined the
INTRODUCTION average potential oviposition of several females. In east

The peach tree borer, Sanninoidea exitiosa (Say), is Texas, King and Morris (1956) found that the peach
a native insect of eastern North America. Its original tree borer completed one generation annually. They
hosts were the wild cherry and the wild plum until also noted that some larvae required six instars for
early settlers introduced the peach (Gossard and King fievelopment, although others passed through only five
1918). Now it is a chief pest of the flowering varieties instars. They determined that the peak of emergence
as well as the fruit-bearing varieties of the genus for thc? adults occurred in September.
Prunus. It is the larval stage of a clear-wing moth of _ A simple methoq for rearing peach tree borers on
the family Aegeriidae (=Sesiidae) whose members are 1mm§ture apple fruits was described by Smith (1965).
known universally as borers. Members of the family Stufhes on larval development were reported and com-
feed on both herbaceous and woody plants. Some spe- parisons were made on the rate of development of the
cies feed on the inner bark, some on the pith and larvae under natural and laboratory conditions.
others on the roots as well as on other plant tissues. Fitch (1855) presented a list of measures that were
Primarily, the larvae of the peach tree borer feed at or recommended by agricultural workers for the control
somewhat below ground level, eating galleries or bur- of the peach tree borer. Blake§lee (1919) was the
rows in the soft cambium at the crown (junction of first to demonstrate that a chemical, paradichloroben-
roots and stem) or along the larger roots. zene (PDB), controlled the peach tree borer effectively

The damage caused by this insect to the stone- when applied in bands around orchard trees. Butler
fruited 2 o Tennesses s of economic (1930, 19%1) evaluated the use of PDB for controlling
imPOItmce.! Its damageg was first noted in commercial t}{e borer in Tefmessge. Snapg (1938), experimenting
orchards, but now nurserymen throughout the state are with ethylene dlchlgrnde‘emulsxon, noted that extreme
greatly concerned because this insect can render thou- care mu§t‘be exercised in the use of this chemical to
sands of nursery trees worthless during one growing prevent injury to the tree.

Interest in tree-trunk spraying resulted from reports

Tl_ne literature on this species is very extensive. Ac- by Driggers and Sn}ith (1944) that a reduction in peach

cording to Snapp and Thomson (1943), nearly five tree borer population occurred after they used DDT

. papers on the peach tree borer had been pub- for control of Japanese beetles and oriental fruit moths.

lished by the end of 1933. Since that time the litera- Wallace (1946) reported that DDT, applied as an

ture  has probably increased four-fold. The writers, emulsion in late June at the rate of three pounds per

tl‘”‘f"“a'vvi]l mention only those articles that have the 100 gallons of water, gave effective control in commer-

m\‘&ﬂgniﬁunee for their work. cial nurseries. It was less effective at lower concentra-
lhl'[ “ a

dissertati beni ; . tions. Snapp (1961), working with nursery stock, found
?ﬁg". School of m"ﬁm of ‘lzemmxg?- that four applications of DDT (eight pounds per 100
of Do P:tttnl flllﬁllme.nt of the requirements for the degree gallons of water) gave complete control of the borer.

2 Qerving & g This is about two and a half times more DDT than
Skt %1% Indin for two years (1968:69) as a Chemical Con.

niversity EiducstiGiisl Wallace (1946) used for effective control. A single
Exchange Program. ot T fodia * application of dieldrin (six pounds per 100 gallons of
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water) gave good control, :ndlhmaﬁ"md
parathion (two pounds per 100 gallons of water) gave
fair control

MATERIALS AND METHODS

Cocoons and larvae were dug from peach trees m an
orchard at Kingston, Tennessce, to obtain borers for

rearmg. In the laboratory, cocoons were
kept in 2 rearing cage that consisted of a glass base and
a glass globe for a top. The basc had a diameter of
100 mm and a depth of 43 mm. The chimney had a
depth of 160 mm. The opening at the top was covered
with fourteen-mesh nylon screen. o
The base of the cage was filled with sand to within
5 mm of the top. To simulate natural orientation, co-
coons were placed I in the sand. The
sand was kept moist to insure a relatively high humidity
for the pupae.

Larvae were collected in the field during the fall and
winter. They were allowed to feed upon Winesap ap-
ples in glass half-gallon or gallon jars. Six to eight
holes, depending upon the size of the apple, were made
in each apple with 2 95 mm cork borer. One larva was
put into each hole. The small core made by the cork
borer was cut in such a way that % inch remained on
the end with the peeling to form a plug. This plug was
then used to seal the hole to give the larva a moist
habitat.

To minimize the changing of larvae to fresh apples,
a diet was formulated on which larvae thrived after
the second or third instar (Russell 1968).

To obtain first instar larvae, fertilized females were

Peach seeds were planted in November, 1964, and
dmrmhingymmgneuwerearﬁﬁciallyinfestedbe-
tween August 15 and August 30, 1965. These trees
infeﬂedwiﬂnﬁmtinﬂarlarvae,twolarvaebeing
put on the base of each tree with a camel hair brush.
The following spring, 1966, all limbs were removed
fromthepeachtreu:othataconuhapedwirccage

be placed around the base of each tree. (Fig. 1).

Magawmconstructedfromfourteen-meshcop-

per screen rolled into a cone to provide a three-inch

i

opening at the top and a six-inch opening at the base.
Wberethemeenmctonﬂwsidetheedgeswercslighﬂy
erlapped and stapled to a twelve-inch stake. Card-

was stap d the top of the cone to provide
stiff collar. About one square foot of cheese cloth
(80-mesh) was taped to the cardboard with vinyl elec-
trical tape.

The period of emergence was determined by weekly
emergence counts with Friday of each week considerd
the last day of the week. The cages were checked from
two to four times per week because a moth that
emerged on Saturday and Sunday usually died by the

»
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Fig. 1. A block of peach trees with cages to retain adult moths
after emergence.

middle of the following week and was devoured by
ants.
Beginning in 1965, eight insecticides with relatively
long residual properties were evaluated for borer con-
trol. It was determined that peach tree borers would
attack young seedlings as well as dorman-budded stock.
Thus, it was necessary to establish the spray program
the year the seedlings were established and continue it
the next year after the dormant stock had been bud-
grafted. Two intervals (four and six weeks) between
spraying were used during the egg-laying season of the
moths. All chemicals were applied with a two-gallon
garden type sprayer at a pressure of about 35 PSL.

All insecticides used are listed in Tables 1 and 2.
Three of these chemicals: endosulfan, dieldrin and
DDT, are generally recommended for the control of
the peach tree borer in Tennessee. All chemicals, ex-
cept DDT and Mobil MCA-600 were emulsifiable con-
centrates applied at the rate of one pound of actual
Insecticide per 100 gallons of water. DDT and Mobil
MCA-600, which were 50 per cent wettable powders,
were applied at the rate of two pounds of actual in-
secticide per 100 gallons of water. A spray mist Was
directed in such a manner that the trunk of each tree
was covered to a height of about twelve inches above
the soil. Also, the mist struck the ground and provided
2 small circular area of insecticide at the base of each
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Table 1. Summary of data for the control of the peach tree borer

in nursery peach trees at McMinnville, Tennessee.

Average %
Rate of Actual of Trees Significance
Treatment Per 100 Gallons Infested at 5% Level*
Check == 35.0 a
Mobil MCA-600 2 Ib. 31.8 a b
Dimethoate 1 Ib. 29.0 a b
Dimethoate** 1 1b. 225 a b c
Shell SD-7438 1 1b. 21.8 a b c
Shell SD-7438%* 1 1b. 20.0 a b c
Endosulfan 1 1b. 19.0 a b c
Zndosulfan** 11b. 18.5 a b c
Dieldrin 1 1b. 18.3 a b <
Mobil MCA-600** 2 Ib. 18.0 a b (-
Lindane®* 1 1Ib. 16.8 b c
Lindane 11b. 16.0 b c
DDT** 2 Ib. 15.8 l; c
2 Ib. 14.8 c
gggrin“ 11b. 143 b [
Endrin** 1 1b. 45 c
Endrin 11b. 43 c

:
5

*Any two means followed by the same I
“Mn{etid.s applied at 6-week intervals for
at monthly intervals for a total of ten a

:

Table 2. Summary of data for the control of the peach tree borer

not signi Duncan’s "
of six applications in two years. All others were
ications in two years.

in nursery peach trees at Winchester, Tennessee.

Test.

applied

Average % o

Rate of Actual of Trees Slgmﬁc];a:ccl.
Treatment Per 100 Gallons Infested at 5% Leve
Mobil MCA-600** 2 1b. 72.0 a .
Check —_ 69.3 a :
Lindane 1 1b. 69.0 : L4
Shell SD-7438 1 1b. 63.8 . ¥ o
Mobil MCA-600 2 b 59.8 b
DDT 2 1b. 553 a e
Dimethoate 1 1b. 53.0 : Doy
Lindane** 1 1b. Sl.g *h e d
Endosulfan 11b. 50-5 i o d
Dimethoate* * 1 1b. 50-8 ‘P h oo d
DDT** 2 Ib. :_8,5 T bed
Dieldrin 1 1b. b e d
Shell SD-7438** 1 Ib. :;g a b oo d
Endosulfan** 11b. 33-0 cd e
Dieldrin** 11b. 74‘8 5
Endrin** 1. _3.8 .
Endrin 1 Ib. 13.

" i PDuncan’s Multiple Range Test.
‘Anytwomldlwedbyﬂnnmmm:?;mn' unm:‘::‘u:om All others were applied

*sMaterials applied at 6-week intervals for a total

two years.
at monthly intervals for a total of ten appiications in
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tree. All sprays were directed from opposite sides of
each tree to provide complete coverage. )

To evaluate the effectiveness of these chemicals for
controlling the peach tree borer, the trees were dug
carefully, the soil was removed and each plant was
examined for evidence of borer infestation.

Since many of the trees may have been infested and
damaged during the first growing season, any tree
showing signs of damage, whether old or recent, was
counted as infested. .

Data were analyzed by Duncan's New Multiple
Range Test,

RESULTS AND DISCUSSION

The Aduli. Unlike some members of the clearwing
moth family, the sexes of Sanninoidea exitiosa are
easily distinguishable, The adult male has a lighter
and slenderer steel-blue body than the female. There
are several narrow yellow bands marking the thorax
and around the abdomen which are quite conspicuous
on the steel-blue background. The legs have thick
black scales and articulations are announced by tufts
of yellow scales. Front and rear wings are both en-
tirely transparent, with dark, narrow veins delicately
fringed with black hairs on the rear portion and with
a wider dark strip on the front. The wing spread of
the male moth is about one inch and its length about
three-fourths of an inch (Fig. 2). The adult female is
similar to the male, but it has opaque forewings and
the fourth abdominal segement is covered with bright
orange scales (Fig. 2).

The moths are diurnal, and are very swift fliers.
Thus, when observed in flight they closely resemble
and are often mistaken for small wasps (Metcalf and
Flint 1962). When in flight a steady hum is produced
by both male and female due to the rapid beating of
their wings. Observations indicated that the flight of
the female appeared more laborious and nearer the
ground than that of the male. This confirms earlier
observations of Gossard and King (1918).

Under favorable conditions, the males and females
may mate about an hour after emergence from the
pupal case. As many as ten males were observed to be
attracted to one female within minutes after she pro-
truded her genitalia. In the laboratory, a high intensity
light source was necessary to induce copulation. The
male approaches the female from behind while on the
wing and dips his abdomen to her upturned genitalia.
Clasping occurs; he then turns, hovers a few seconds
and comes to test (Fig 3). The length of copulation
was observed to be from 47 to 100 minutes, with an
average of about 60 minutes.

Adults were not observed to eat, except that in the
laboratory, the moths reared from larvae and/or pupae
collected in the field would partake very readily of a
solution of dextrose (1 gram of dextrose in 9 ml, of
distilled water).

Since the female of many insects must feed before
she can produce fertile eggs, the following experiment
was conducted to determine if this was also true for
the female peach tree borer. Pupae were collected in

my of Science
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Fig. 2. Female (right) and male (left) peach tree borers.
Note opaque forewings and yellow band around abdomen of

female, and transparent forewings and the arrow-shaped tufy
of hairs at the tip of the abdomen of the male,

Fig. 3. Copulation position assumed by the peach tree borers
after clasping has occurred.

the field and reared in the laboratory. When males
and females emerged they were placed in a cage and
moved into bright sunlight, and copulation was ob-
served. The eggs when placed in a moist chamber as
previously described, hatched within ten days. Thus a
nutrient meal was not essential for the production of
fertile eggs.

Longevity of Adults. The longevity of the adult
peach tree borer, as determined for a relatively few
individuals, ranged from a few hours to 21 days, with
an average of 6.0 days. This was 0.2 day shorter than
Armstrong (1940) reported. Evidently other factors had
a greater effect upon the longevity of these adults reared
in the laboratory than the solution of dextrose which
was supplied as a source of food since one male and
three females lived for more than two weeks as com-

—

to the over all average of 6 days. Males lived
P2 than half as long as females.
Ies?rw o moths, a male and a female, were found to be
asitized by nematodes. Each moth had from 10 to
par: ematodes in its intestine or body cavity, Neither
= :}‘; distended its wings and both died about 24 hours
“;?er emergence. Each of their exuviae contained about
Ill()() unidentified nematodes. )

Pperiod of Emergence. In 1966 the infested and caged
trees WeT® observed as described under “Methods.”
Four hundred and nine adults, 200' males am_i 209 fe-
males, were trapped. The‘ data (Fig. 4) indicate two

aks of emergence. During the first peak (June 11-
July 9) a total of 186 moths emerged, averaging about
37 moths per week. The second peak occurred in mid-

August.

Erergence/Meek
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Fig. 4. The duration of emergence of borers in Knox County,
Tennessee for 1966.

These data indicate that, in Tennessee, the peach tree
borer is a major problem from the latter part of May
to the first of October, or later. Therefore, control
measures should be employed from about the first part
of May to the middle of October. A program so de-
vised would compensate for any change in weather
which would allow a few adults to emerge prior to May
24 or later than October 1.

The Egg. The egg of the peach tree borer is reddish-
brown to brown in color, ellipsoidal in shape, and meas-
ures about 0.57 mm by 0.41 mm. The chorion is some-
what rough and finely reticulated. The upper surface
is slightly depressed, the concavity being oval and fol-
lowing the contour of the egg margin. Eggs held at a
Toom temperature of about 80F hatched in eight to ten
days with an average of 8.67 days. Smith (1965) found
that the incubation period is approximately 8.5 days at
80F for eggs collected from females that were reared
in the laboratory. The number of eggs per female
varied from 265-704 with an average of 448 which is
similar to Butler’s (1930) data. Fertility, which was
determined for all of the eggs deposited, varied from
97 to 100 per cent. This is in accord with reports from
other sources (Becker 1918, Snapp and Thomson 1943,
and Smith 1965).

) _The Larva. The destructive stage of Sanninoidea ex-
Mosa is a dirty white larva whose head capsule has a
ye"QWiSh-bwwn to a dark reddish pigmentation. The
cervical shield, which is pale yellowish-brown, has a
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groove that cuts the posterior lateral
arc. The larvae range from 1% mm
ewly hatched to about 30 mm when
ately after eclosion, the young larvae
S nts of entrance into the tree. Accord-
ng to Armstrong (1940) and Snapp (1943) the newly
hatchec! larvae are negatively heliotactic and positively
geotactic. These tactic responses cause the larvae to
concentrate at the base of the tree, usually near the soil
surface, Where they burrow directly into the bark to
the.camblum. Their entrance, unlike some members of
g:: family, does not require wounds or breaks in the

The larvae, while overwintering, are exposed to ex-
tremely low temperatures without ill effects. Boyce
(1962) reported that for hibernation larvae constructed
a rough cocoon which may be located on the trunk in
gummy exudate or in burrows. Smith (1965) reported
that before larvae reach full maturity, they enter dia-
pause. He also stated that diapause could be broken
by exposing the larvae to low temperatures (40 F) for
a month or more.

Observations in the laboratory and the field indicate
that there is no true hibernation of the larvae in Ten-
nessee. When the temperature falls below 40F, the
larvae become sluggish and inactive, but when the tem-
perature becomes sufficiently high they again resume
their feeding and activity. At freezing temperatures,
larvae above the soil line on the sun-exposed side of
trees became active, while those on the shaded side
remained inactive. A silken mat or what may have been
a hibernaculum, was found between the larvae and the
outside bark during the winter. This structure could
have had some insulating effect against the cold.

The peach tree borer larvae, unlike many Lepidopte-
rous larvae, soon die from desiccation if exposed di-
rectly to the atmosphere. They are usually in the tissues
of a tree, where there is a relatively high and constant
humidity, but occasionally larvae are found alongside
the roots. When on the outside of the roots they are
usually associated with a large gummy mass or in soil
with an exceptionally high moisture content. When
removed from trees and placed in containers with
pieces of cut bark or apple, their first act was to seal a
few pieces of bark around themselves or to burrow into
the apple. Either act prevented death from exposure
and desiccation.

Larval Food Habits. According to Metcalf and Flint
(1962) peach, wild and cultivated cherry, plum, prune,
nectarine, apricot, and ornamental shrubs of the genus
Prunus are fed upon and may be damaged or destroyed
by peach tree borers. Young trees are sometimes com-
pletely girdled by the borers; and though older trees are
less likely to be girdled, they are often so severely in-
jured that their vitality is lowered and their resistance
to other insects or diseases reduced to such. an extent
that some secondary pest will complete their destruc-
tlo'll,'.he number of larvae that may be found infwiqg a
{ree varies from one region to another. In some regions
there are only one or two borers per tree whereas in
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others eight t0 ten borers are present. In extreme cases
minety borers have been found infesting the roots and
Crown of individual peach trees six or seven years old
{Quaintance. Porter and Snapp 1932).

Trees previously attacked by borers. unless killed, are
Wsually highly susceptible to repeated attacks. Seldom
= a tree with old dammage free from borers. ‘l’mt_:f
“Rursery size” seidom comtainm more tham five of SiX
larvae. but twenty-ome lurvae were removed from 2
ee one and omc-holf mches n diometer m life sum-
mer of 1964, In the murseries, the krvae feed primsarily
at the crows or just below the soil surface. Occzsionally
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ender natural conditions

bt was established that feeding was not mecessary before
the females would copulate and oviposit fertile eges
The loagevity of the males was establshed at abowt 3.7
days and that of the females at about 7.16 days, with
am average of 6.0 days for both sexes.

At Knoxville adults began 10 emerpe about the mid-
dic of May and contmuied vntil the first week of Oco-
ber. Two peaks ocoumred, the first peak (Jume 11-July
9) covered a period of five weeks: the second peak
{Angost 6-Angust 27) covered a period of four weeks.
Th-ﬂndmhs-ﬂf_nhdﬂmplii-
cased that 2 1:1 ratio exists betwees the sexes.

There was no indication that the peach tree borer
ks more than onc brood per year or that more thas
%ec year is required for completion of the life cycie.

704 cges, with an average of 448.

The incubation period for the eggs 21 room tempera-
tore (zbout 80 F) ranged from eight to tea days, with
22 average of 8.67 days.

Larvae of the peach tree borer were found at various
$12ges of development throughout the year. They foed
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