
Historic, archived document 

Do not assume content reflects current 

scientific knowledge, policies, or practices. 





CIRCULAR No. 422 MARCH 1937 

UNITED STATES DEPARTMENT OF AGRICULTURE 
WASHINGTON, D. Cc. 

BIOLOGY OF THE TOBACCO MOTH AND ITS CONTROL 
IN CLOSED STORAGE 

By W. D. REEb, associate entomologist, and HB. M. LiviNGstonE, juntor. entomol- 

ogist, Division of Truck Crop and Garden Insect Investigations, Bureau of 
Entomology and Plant Quarantine * 

CONTENTS 

Page Page 

Mra MOGMCHION sane oe ee ee er ee 1-| Life-history studies of 1932 and 1933—Contd. 
History and distribution of the tobacco moth_-_ 1 Oviposition and longevity________________ 14 
Ma Vau OM ODACCOL == =P eet ee ea ees 3 REempPeravures=— se ee es See 15 

Economic importance of tobacco moth Iimcuba tions periods aes nee aa wea 16 
OVS HHO ee 2 ae Fe Se Se eee 4 Warvalpenlod= ss. is Las ee yee 17 

General discussion of the insect _____.-_______- 5 PUPA Gero” Sees Rane Le Se eee eee 18 
AN AGVGNC Ue epee eee ee ee eee ee 5 Wenethvot liecycles-s2= a eee 19 
TENS Ga ee Ns ee as See ee, ae eee SARC ONLTO eeste ses See es Sa a pee Ske ae 20 
eRneWaiyalees te de al Be Se ci see Ge UNEP 8 INjyioreliGraeenkse ee 20 
SPAY ONO. et Sas Ss RUA ee ee cee 10 MRE MMPEHACUIRGRss suse ee Cees Mets 21 

SOOGOMO INITIO es Se i ee be Eee 11 Artificial control in closed storage_________ 21 
Life-history studies of 1932 and 1933___________ 12 Siren ae ee ne as i Be ee Ee ee 36 

Methods and apparatus__________________ 12a ACCT ATUTCICLLC mess ke ee Ae ee Lee Se 37 
DO MLNS Crna, EWE see ee 13 

INTRODUCTION 

_ During the years 1931 to 1934 the writers devoted considerable time 
| to the study and observation of the life history, habits, and control of 
-the tobacco moth (/'phestia elutella Hbn.). This is a comparatively 
new pest of cured tobacco in the United States, and, owing to the great 
interest aroused by its discovery as a tobacco pest, two preliminary 
papers have already been published. In 1930 Back and Reed (2)? 
reported the discovery of this moth attacking flue-cured tobacco, and 
in 1933 Reed et al. (78) published a progress report of studies on the 
insect. Beginning in 1931, matings were made from the progeny of 
each generation of moths reared in the laboratory and rearings ob- 
tained for the succeeding generation. These life-history studies and 
the more important observations covering a period of 2 years are 
summarized in this circular. 

HISTORY AND DISTRIBUTION OF THE TOBACCO MOTH 

The moth Ephestia elutella has been known for years by entomolo- 
gists as a general feeder on dried vegetable products. Owing to its 
diversity of food habits it has been transported by commerce to var1- 

1The writers are grateful for the advice of E. A. Back, under whose direction this work 

was carried out. and to A. W. Morrill, Jr., K. H. Smith, and C. W. Kearns for assistance 
in carrying out the control experiments. as pe 

2 Italic numbers in parentheses refer to Literature Cited, p. 37. 
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ous parts of the world. As early as 1737 Reaumur (/6, pp. 275-277) 
recorded a moth attacking chocolate, and it is likely that he was re- 
ferring to #. elutella.. In 1897 Chittenden (4, p. 9) stated that the 
food habits of the moth had been known in Europe since early in the 
eighteenth century. 
A review of entomological literature made by the present writers 

and others shows that E’phestia elutella 1s world-wide in distribution. 
The most complete bibliography on the genus Z’phestia was that pub- 
lished by Richards and Thomson (20, pp. 231-246) in 1982. It is 
worth while, however, to record here that, outside of references to in- 
festation of tobacco and cacao, nothing positive 1s given regarding the 
extent of injury by the insect. This leads to the assumption that there 
are factors in the biology of the pest that retard multiphcation or re- 
duce the population in stored products. It is sometimes found in 
infestations associated with the Indian-meal moth (Plodia interpune- 
tella Hbn.), the fig moth (L’phestia cautella Walk.), the raisin moth 
(EF. figulilella Greg.), and the Mediterranean flour moth (7. kueh- 
niella Zell.), but it apparently fails to build up as large populations 
as the other species mentioned. Maskew (9), in 1912, published an 
account of an infestation by Z. elutell/a in a shipment of walnuts re- 
ceived at San Francisco, Calif., from Manchuria, and stated that the 
infestation was serious. De Ong (6) reported that peanuts received 
at San Francisco from China in the fall of 1924 were heavily infested 
by /. elutella. He referred to the insect by the common name of cur- 
rant moth. Gibson and Twinn (7, p. 29) merely reported the presence 
of the insect in Canada and gave no information concerning the extent 
of the injury. The foregoing references represent the published ac- 
counts of the occurrence of the moth in North America prior to 1930. 
It is reasonable to assume that if the moth had been a serious pest of 
a variety of stored products, more information concerning its ravages 
would be found in the literature. 

Because in recent years the tobacco moth has developed into a major _ 
pest of cigarette-type tobaccos, it is considered important to mention 
any literature references concerning infestation of tobacco. Mokrzecki 
and Bragina (77) in 1913-14 discovered larvae of H'phestia elutella 
infesting cured tobacco in the Crimea. Tchorbadjief, in 1928 (27), 
reported the moth as a pest of stored tobacco in Bulgaria. On 
September 9, 1930, there appeared an article*® which stated that 
larvae of EF. elutella had appeared in stocks of Rhodesian tobacco 
held in bond in a London warehouse. It was feared that this in- 
festation would cause the tobaccos to depreciate in value. Back and 
Reed (2), in December 1930, reported the discovery of this moth in- 
festing flue-cured, cigarette-type tobaccos in a few warehouses in 
Richmond, Va. As stated previously, this was the first published 
record of its appearance as a pest of tobacco in the United States. 
Mokrzecki (70), who in 1930 published his observations from 1909 to 
1930 on the biology and control of #. elutella in the tobacco-storage 
warehouses of Poland, reported that the pest had been observed infest- 
ing cured tobacco in Simferopol and Yalta, Crimea; Sukhum, Cau- 
casus; Philippopol, Bulgaria; and Poland. He observed also that 
larvae of the moth were imported into Poland in tobacco purchased — 

Bishhbity 1634 1D. aueas! TOBACCO SITUATION IN SOUTH AFRICA AND SOUTHERN RHODESIA. 
U. S. Dept. Com., Bur, Foreign and Dom. Com. Cire. 270: 5-7. 1930. [Mimeographed. ] 
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in Greece and Bulgaria. In 1931 Bovingdon (3) recorded the appear- 
ance of #. e/utella in stores of tobacco in England, Bulgaria, the 
Union of Soviet Socialist Republics, and the United States. 

In 1932 Jack (S, p. 33) stated that HE phestia elutella was found in 
Salisbury, Southern Rhodesia, infesting tobacco and chocolate but 
that there was no record of its occurrence in Northern Rhodesia or 
Nyasaland. 

Mossop (72, pp. 3-4) recorded the moth in Salisbury infesting im- 
ported chocolate in April 1930 and infesting stored tobacco in June 
of the same year. He stated also that it had been recorded as a pest 
of peanuts in Nyasaland in 1915, and that the discovery of this moth 
in London and Salisbury led to the passage in 1931 of the Tobacco 
Pest Suppression Act, which— 

provides for the licensing of all premises where unmanufactured tobacco is 
prepared or held for export, for the inspection and cleansing of all such ware- 
houses, and for the destruction of infested tobacco where necessary. 

~ Reed et al. (78) published a paper in 1933 giving the results of 
preliminary studies on the biology of the moth and recording observa- 
tions made in tobacco warehouses in Virginia in 1930 and 1931. Usti- 
nov (22), in 1932, mentioned that this moth was found throughout 
the southern part of the Union of Soviet Socialist Republics infesting 
tobacco. —- | : 
Bovingdon (4), in May 1933, published a comprehensive report on 

the infestation of cured tobacco in London warehouses by the tobacco 
moth, including notes on the biology and control of the pest. 

Reed (17), in February 1935, published a report of a survey made 
in the Near East in 1933, which showed that the tobacco moth was 
widely distributed in the tobacco districts of Greece and Turkey. 

_ Data given in this report showed that the moth was more generally 
distributed throughout these countries than the cigarette beetle. 

Infestations of the moth were observed from 1931 to 1934 in ware- 
houses of cigarette tobaccos of the flue-cured and Turkish types in 
Virginia, North Carolina, New York, and New Jersey, but no infesta- 
tions were found in Burley, dark-fired, or cigar types of tobacco, and 
efforts to rear the moth on these types in the laboratory were unsuc- 
cessful. 

INJURY TO TOBACCO 

The larvae of the tobacco moth are responsible for the damage to 
cured tobacco. They begin feeding in some instances within a few 
hours after the eggs have hatched, eating first the cuticle of the leat. 
After the first molt they begin eating the entire leaf, avoiding only 
the larger veins (fig. 1). Feeding often begins at the-stem end of 
leaves and proceeds toward the tip. In general, the details of feeding 
are quite similar to those of many species of leaf-eating caterpillars. 
Much of the tobacco not consumed by the larvae during their develop- 
ment is soiled and rendered worthless by the webbing and excrement 
of nearly mature individuals that spin threads of silk as they move 
about in the tobacco leaves, their fresh pellets of excrement adhering 
to this silk. In some instances as much tobacco is rendered worthless 
by the webbing and excrement as is consumed by the insects. In 
infested hogsheads or bales of tobacco this webbing presents an un- 
sightly appearance. The injury by the larvae does not often extend 
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deeper than 3 inches from the staves of hogsheads, although in one 
tobacco warehouse the larvae were found feeding to a depth of 8 
inches. 

ECONOMIC IMPORTANCE OF TOBACCO MOTH INFESTATION 

The tobacco moth has been found infesting only the various grades 
of flue-cured domestic and imported Turkish tobaccos used in the 

FIGURE 1.—Leaf of flue-cured cigarette-type to- 
bacco showing result of feeding by larvae 
of the tobacco moth. 

manufacture of cigarettes. 
Tobacco leaves of the flue- | 
cured types, when properly 
aged for manufacture, are 
reported to contain from 5 
to 27 percent of sugar and 
the Turkish types from 3 to 
17 percent. This is a reduc- 
ing sugar, principally levu- 
lose. The larvae of the to- 
bacco moth thrive on those 
grades of tobacco high in 
sugar content. In tobacco 
warehouses it was observed 
that grades of tobaccos low 
in sugar may be uninfested, 
whereas grades high in this 
substance stored nearby 
were severely injured. The 
higher priced commercial 
grades of cigarette tobaccos 
usually run highest in sugar. 
The fact that the moth at- 
tacks more severely these 
high-priced grades of to- 
bacco makes an infestation 
by the insect of great eco- 
nomic importance. 
A typical hogshead of — 

flue-cured tobacco is 54 
inches high and 48 inches in 
diameter and contains ap- 
proximately 1,000 pounds of 
tobacco (fig. 2). One such 
hogshead contained 983 
pounds of tobacco and the 
volume was 82,648 cubie 
inches. The weight of each 
cubic inch of tobacco in this 
hogshead was 0.0119 pound 

and the weight of tobacco for each inch of depth in from the staves, 
uip to 3 inches, was as follows: 

AiG GRE 2 ae Ee ee ae 

Inchuding 2 inches? 22a , 

Pounds 

Including: SincGhes 24 Sie hs ees 
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The infested tobacco leaf may be rendered worthless by the larvae, 
although in some instances a part of the leaf can be salvaged. 
Studies showed that by a conservative estimate 20 percent by weight 
of each pound of heavily infested tobacco was lost, this loss being 
chargeable directly to the moth. Flue-cured tobacco, aged and 
redried, will average in value at present prices (November 1936) 
around 30 cents per pound. ‘The loss per infested hogshead for each 
ae of infestation based on the foregoing figures would be as 
follows: 7 

FIGURE 2.—Hogshead of flue-cured cigarette-type tobacco 4% feet high and 4 feet in diam- 
eter at left. The weight of the tobacco in this hogshead was approximately 1,000 
pounds. The case of cigarette-type tobacco at right, 30 by 30 by 48 inches, contained 
about 500 pounds of flue-cured tobacco. 

einacclapee tee SN uae Sy ee Bk Ue Sa ie ae ES ee $7. 08 
Boy EDV ELVES Te aS gk SR Ne a RA | 113 as 
35s EVO ODS ee A RE SS LR) ee 19. 45 

There are more than 650,000 hogsheads (650 million pounds) of 
flue-cured tobacco in storage in the United States at all seasons of the 
year. This enormous stock in storage emphasizes the importance of 
exercising precautions to control infestations of the tobacco moth, for 
if 300,000 hogsheads should become infested during the season to a 
depth of 1 inch, which is well within the realm of possibility, the loss 
to the industry would be approximately $2,124,000 annually. 

The tobacco case shown in figure 2 measures 30 by 30 by 48 inches 
and contains about 500 pounds of tobacco. Only a small percentage 
of the total quantity of cigarette tobacco is packed in cases. 

GENERAL DISCUSSION OF THE INSECT 

THE ADULT 

The coloration of tobacco moths is variable; some are gray, others 
light grayish brown. The forewings and body of newly emerged 
specimens often have a brownish tinge. Two light-colored bands 

extend across each forewing. The adults kept in captivity often 

lose many of the wing scales and soon appear light gray in color. 
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With the wings folded they measure about three-eighths of an inch 
from head to tip of wings and when the wings are outspread the 
width is approximately five-eighths of an inch from wing tip to wing 
tip. When at rest the moths hold the delicate threadhke antennae 
back over the head and body. 

EMERGENCE 

The moth (fig. 3) emerges from the pupal case by forcing it open 
at the anterior end. In some instances the pupal case is enclosed 
in a loosely woven silken cocoon, whereas in others it is virtually 
naked. The larvae habitually migrate when full-grown and pupate 
in sheltered locations from which it will be convenient for the adults 
to emerge. The places selected are sometimes holes in brick walls, 
spaces beneath wooden runners which support hogsheads, or the 
surfaces of hogsheads near large cracks. This migration of grown 
larvae from the tobacco is particularly noticeable in the fall. In 
one warehouse under observation all of the tobacco was removed 
during the winter months, but a large emergence of spring moths 
occurred in May and June from larvae that overwintered in hiding 
places. 

\f \ \e 
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FIGURE 3.—The tobacco moth, Hphestia elutella. 7. 

The newly emerged moth begins immediately to unfold its wings, 
holding them upright over the back until dry. This process requires 
about 15 or 20 minutes. 

MATING 

The moths generally mate late in the afternoon or early in the 
evening, the time of day corresponding to the period of their greatest 
activity. Mating may be observed, however, at other times of the 
day. Unfertilized females characteristically sit with the wings 
folded, and with the tip of the abdomen pointing slightly upward. 
The males locate females apparently by odor, and the courtship con- 
sists in the male pirouetting around for a few seconds in front of 
the female. In the warehouse mating was usually completed in 
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about 20 minutes, and females rarely mated more than once. The 
females appeared to remain on or near food suitable for the larvae, 
but males were circulating rather freely. 

OVIPOSITION 

After the female has been fertilized egg laying may begin in a few 
hours, and in nearly all cases observed the first eggs were laid within 
24 hours after mating. Observations showed that the female was 
somewhat sluggish for the first few days of her life, the time during 
which most of the eggs were deposited. Females rarely deposited any 
eggs before mating. In ware- ; ; ie 
houses the eggs were laid 
either singly or in small clus- 
ters and preferably on or near | 
tobacco. They were found on Wl 
the burlap covering of Turkish Wi 
tobacco bales, in the cracks of nell 
closely fitting staves of hogs- — ‘\ 
heads, and on the _ tobacco BN 
leaves. When ovipositing on | 
tobacco leaves in the labora- 
tory the females usually placed 
their eggs along the midrib 
and larger veins (fig. 4). Dur- 
ing the process of egg laying 
the moths were quiet, with the 
wings folded _ horizontally 
along the body and the legs 
somewhat apart. The tip of 
the ovipositor was pressed 
against the leaf and was be- 
neath the wings, so it was dif- 
ficult to observe the actual 
process of egg laying. Fe- +} \2e 
males demonstrated a strong 

a 
cnet YY | 

\ ahi Thi. aT
 

a ae allah 
ay 

SOOn 
G7 = 

2 SS 

HT { | 
ut 
I ' 

I} Ply 

Hi 
YW \\\ An} 

ue | 

FIGURE 4.—Egegs of the tobacco moth show- 
preference for ovipositing in ine a char deveristic placing of che eee 

Mieswieshes Of burlap or screech. year sc 10°C eaf. x 10. 

wire, particularly the latter. 
The ovipositing moths do not feed but consume small quantities of 

water. The effect of imbibing water on the rate and number of egys 
laid was not determined in these studies. Norris (73, pp. 335-346), 
however, has recorded a study of the influence of water on the fecund- 
ity and longevity of moths of the genus “'phestia. The following 
statements by her are of interest: 

Both the fecundity and longevity of #. elutella females are approximately 
doubled if the moths are allowed access to water. The actual reduction figure 
for fecundity of 47 percent is very slightly lower than that obtained in most of 
the experiments with F. cautella, but the smallness of the number of individuals 
concerned in this experiment makes it improbable that this is of any significance. 

Larger numbers of H. elutella were not available at the time of the experiment—— 
the breeding of this species in captivity presenting considerable difficulty—and it 
was not thought necessary to repeat it at a later date as the result obtained was 
so very definite. 

Moths rarely have access to water in tobacco warehouses; it is likely, 
however, that the moisture content of the tobacco or air influences the 
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number of eggs laid, and this problem should receive further invest?- 
gation. 

THE EGG 

The eggs have soft shells when freshly laid, and are covered with 
a glue which in most cases fastens them securely to the surface on 
which they were laid for the length of the incubation period. When 
eggs are pressed together in clusters they often dry into distorted 
shapes, as the shells harden in a few minutes after they are laid. 

The eggs of the tobacco moth are elliptical and grayish white, and, 
when viewed through a binocular microscope, the shell appears to 
have a granular texture. They measure from one-fortieth to one- 
fiftieth of an inch in length and can be seen on tobacco leaves with 
the unaided eye. Figure 4 shows a characteristic arrangement of 
egos laid on a leaf of flue-cured tobacco. During the incubation 
period the grayish white of the newly deposited ege changes to a 
light brown, and then to a darker brown. 

HATCHING 

The newly developed larva of the tobacco moth can be seen through 
the eggshell a short time before hatching. When the egg is ready to 
hatch the larva makes a circular opening in the end of the eggshell 
and crawls out on the surface to which the egg is attached during the 
incubation period. The empty eggshells often remain attached to 
the tobacco leaves or other surfaces, ‘retaining their original shape un- 
less eaten by the young larvae. In spring and fall, most of the 
hatching occurs during the warmer parts of the day whereas in hot, 
summer weather it occurs to a large extent at night. Incubation rec- 
ords made in 1932 of 3,186 eggs “showed that 69.2 percent hatched. 
Similar records were obtained during 1933 for 2,916 eggs, and 71.3 
percent hatched. (For conditions of temperature and humidity see 
fig. 10.) 

THE LARVA 

HABITS 

In the warehouses the larvae are active after emerging from the 
eggshells and crawl away without delay in search of food. The ease 
and speed with which they crawl indicate that young larvae are 
capable of migrating considerable distances in search of food. Feed- 
ing on tobacco leaves begins at once, provided the moisture content 
of the leaf is satisfactory. It became apparent early in the life- 
history studies that moisture in the tobacco leaves was a very impor- 
tant factor in the survival and growth of larvae. The ideal moisture 
content for the best growth on flue-cured tobacco is approximately 
13 percent; detailed observations, however, demonstrated that larvae 
could survive in tobacco with as little as 10 percent moisture in the 
leaf. In small rearing containers in which portions of tobacco leaves 
were used as food, the moisture rapidly evaporated during exposure 
in the laboratory, and a heavy mortality of young larvae resulted. 
Feeding is rather voracious from the start; the young larvae eat the 
upper or lower cuticle of the leaf until about the first molt, after 
which the entire leaf between the larger veins and the midrib is con- 
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sumed (fig. 1), the method of feeding being similar in some respects 
to that of leaf-eating caterpillars. 

CANNIBALISM 

When placed in confinement, tobacco moth larvae are cannibalistic. 
This habit is more pronounced with well-grown larvae, and occurs 
especially when the victims are weak or inactive from molting or at 
the time of pupation. The writers have often wondered why the 
tobacco moth did not increase more rapidly in the large stocks of 
flue-cured and Turkish tobacco stored in the eastern part of the 
United States. Although there is the possibility that cannibalism 
takes place in the warehouses, and that this serves as a check on the 
multiphieation of the species, it was not observed to occur in hogs- 
heads or bales of tobacco and probably does not exist to any great 
extent except in heavy infestations. 

RATE OF GROWTH 

The larvae showed a very uneven rate of growth despite efforts to 
provide uniform conditions of food, temperature, and moisture. As 
shown in table 1, the period of development may vary as much as 130 
days in different groups of larvae that hatched in the same week. 

Figure 5.—Full-grown larva of the tobacco moth. x 6. 

The number of molts depends to a large extent on the quality of 
food and the rate of growth. The usual number is five, but some 
larvae were observed to molt nine times. The first molt may take 
place 4 days after hatching, and in the cases observed others occurred 
at intervals ranging from 2 to 20 days. The molting larvae spin a 
loose covering of silk in which particles of excrement or tobacco are 
entangled. In this partial protection the larvae remain while molt- 
ing, which requires only a few hours under favorable conditions. 

The larva is the most adaptable stage of the moth, it being able 
to resist starvation for long periods unfavorable for growth, and to 
change foods with ease, from tobacco to some other dried material, 

_ such as dry yeast, cacao beans, unbolted corn meal, or dried butter- 
milk. The larva was the only stage that passed the winter in un- 
_ heated tobacco storages in southern Virginia. In 1932 a total of 433 

larvae overwintered in the laboratory and the lengths of their larval 
_ periods were: Maximum, 354 days; minimum, 182 days; average, 
| 259.7 days. In 1931 the larval periods for 430 overwintering indi- 

viduals were: Maximum, 336 days; minimum, 209 days; average, 
_ 261.1 days. The mature larva is shown in figure 5. 

THE PREPUPA 

When larvae are fully grown (fig. 5) they seek a sheltered place 
for pupation, as explained under adult emergence on page 6. The 

henge 37D 
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majority of the larvae observed constructed loosely woven cocoons 
(fig. 6), upon the completion of which they became sluggish and in- 
active. From less than a day in warm weather to a week or more 
during the cooler weather of spring and fall was consumed in the 
prepupal stage. The last larval skin was cast off and remained in 
the cocoon. In some instances larvae pupated naked, especially when 
low temperatures and poor-quality foods made conditions unfavorable 
for growth. 

FIGURE 6.—Cocoons of the tobacco moth spun beneath a floor board of a tobacco ware- 
house for purposes of overwintering and pupation. 

THE PUPA 

The pupae are semiactive when disturbed, being able to wriggle 
the abdomen and roll about in the cocoon. When removed from the 
cocoon or disturbed by prodding, they wriggle energetically. The 
tendency is for the disturbed pupae to squirm away from bright 
lights. They are light brown in color when newly formed, turning 
a darker brown with age (fig. 7). ; ? 

The average of the pupal periods ranged from 5 days in hot 
summer weather to 25 days during the cool periods in spring and fall. 
Many hundreds of pupae that transformed late in the fall died 
during the winter. Several hundred infested hogsheads in unheated 
storages were examined by the writers late in the winter and no living 
pupae were found. The maximum length of the pupal period ob- 



crawling in the tobacco leaves. It is possible that 

- 
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served in the laboratory was 25 days. This occurred in October, and 
it is likely that this figure represents approximately the maximum 
duration of the pupal period obtaining in tobacco storages. 

SEASONAL HISTORY 

In the unheated warehouses in which the writers made their obser- 
vations the tobacco moth passed the winter as one-fourth-grown to 
full-grown larvae. Many of those that were full-grown had 
migrated to sheltered places about the buildings, but the undeveloped 
larvae usually remained in the tobacco, where, dur- 
ing periods of warm weather, they were observed 

they did some feeding during such periods. The low 
winter temperatures experienced in Virginia and 
North Carolina during the period of these studies 
(28° F. tobacco temperature and 9° warehouse tem- 
perature) did not appear to reduce materially the 
larval population. 

The full-grown larvae began to pupate in the to- 
bacco warehouses in March, and the records show the 
earliest emergences to have been as follows: In 1931, 
May 9; in 1932, April 24; in 1933, May 2; and in 
1934 on April 26. The emergence of the spring brood 
proceeded at a rather slow rate until the advent of 
hot weather, approximately May 25. 

In the laboratory this emergence covered a wide 
span of time—for example, in 1932 from April 21 
to July 15, and in 1933 from April 14 to July 9. 
This long period was due in part to the fact that the 
larvae going into hibernation in the fall were of 
different ages, but to a greater extent to their uneven 
rate of growth. Although the period of emergence 
of the spring brood is extended there was a peak  Fievre7—Pupa 
emergence at a date around which most of the brood — Miggn® '2"5°° 
appeared. This peak in the laboratory occurred 
about May 15 in 1932 and May 12 in 1933 (table 1). Observations 
showed that the peak of spring emergence in tobacco warehouses 
occurred approximately 10 days later than in the laboratory—on 
May 25 in 1932 and on May 22 in 1933. The spring brood of moths 
mated and began egg laying soon after emergence. 

There were two complete generations of the insect in tobacco ware- 
houses and three periods of moth emergence each year (fig. 8). A 
small number of larvae of the first generation, approximately one- 
half of those of the second, and all of those of the third passed 
through the winter and emerged the following spring. There were 
three dates in 1933 on which the peak of emergence was recorded, 
viz, May 12 for spring-brood moths, July 22 for first-generation 
moths, and September 18 for moths of the second generation. These 
dates are likely to vary from year to year with environment ana 
temperature, ; 



WA, CIRCULAR 422, U. S. DEPARTMENT OF AGRICULTURE ' 

LIFE-HISTORY STUDIES OF 1932 AND 1933 

Following previous studies (1S) moths of the spring brood were 
collected from tobacco warehouses in Richmond in 1931, and labora- 
tory rearings were obtained from these and a continuous record kept 
of the development of some of their progeny through the spring 
of 1934. 
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FIGURE 8.—Seasonal occurrences of the stages of the tobacco moth in Virginia and North 
Carolina, based on laboratory life-history studies and on observations made in tobacco 
warehouses, 1932 to 1934. 

METHODS AND APPARATUS 

To obtain egg-laying records pairs of moths were placed in indi- 
vidual glass vials in “which were portions of leaves of flue-cured 
tobacco. The vials used (fig. 9) were 414 inches high and 1 inch in 
diameter, and each was covered by a closely fitting metal cap. Every 
24 hours the exposed pieces of tobacco were removed from the vials 
and fresh pieces substituted, and all eggs laid during the interval 
were counted with the aid of a binocular microscope. “During i incu- 

FIGURE 9.—Metal-capped glass vials used in oviposition studies on the tobacco moth. 

bation the groups of eggs, usually attached to the leaves (fig. 4), 
were left in vials and examined daily for hatching. 
When the eggs hatched, the young larvae were transferred individu- 

ally from the vials and placed on tobacco in pasteboard pill boxes 134 
inches in diameter and three-fourths of an inch deep. These pill 
boxes were kept in large metal boxes that conserved the moisture, 
holding the moisture at about 13 percent while the larvae were 
developing. Portions of flue-cured tobacco leaves and parts of leaves 
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that had been forced through a 48-mesh screen were added as food. 
In the studies of 1931 it was found that young larvae often experi- 
enced difficuity in feeding on tobacco leaves low in moisture content. 
This was overcome by using screened tobacco, since this retained 
moisture for a longer time than pieces of unscreened tobacco leaves. 

SPRING EMERGENCE, 1932 

During November 1931, 452 larvae were placed in hibernation cages 
in the laboratory, and records of spring-brood emergence were ob- 
tained from these in 1932. Of this number, 430 survived and pupated, 
and 888 moths emerged. A total of 406 larvae survived the following 

_ winter and emerged in the spring of 1933. Records of emergence of 
spring-brood moths in the laboratory for 1932 and 1933 are eiven in 
table 1. 

TABLE 1—Records of emergence of the spring brood of the tobacco moth in 
1932 and 1933 in the laboratory, Richmond, Va. 

ape Egg-to-adult period Sex Mean 
of moths average 

5 Cumulative empera- 
Period of emergence ! emergence moa, 

! Maxi- Mini- y 
Male Female ata aia gence 

period 

1932 Number | Percent | Number | Number Days Days iM, 
ASO IS CAPs A aks ee ae Be ae ee ees Abies LSU) 1 3 287 264 57 
AIpr 2s Mlayioo-- 522222 05=- 55-5 23 5. 9 14 5 294 268 66 
Mb GS VRS ee eee ee eee ss 160 41.2 71 66 321 260 75 
Vitara =| Ober eet sre ee ree ne 287 74. 0 76 51 324 269 7 
Mina O=2G=s cee ee yas eee 342 88. 1 23 32 331 273 70 
alan? Ceiba) 77a Se Se 360 92.8 9 9 338 286 i 
BUTT, 2 — Omen ee eee ul 373 96. 1 6 7 326 286 7 
PCAC LO = | Giese ee ee ee 380 97.9 2 5 333 283 75 
TET) UCP RS eS eee te ee 383 98. 7 1 2 317 295 7 
Ldn) PRRs ee ae CE eee 383 98.7 0 (0) i | Aes oe Goal Se epee 82 
BnesO—Iulyaveee= eae ees 386 99. 5 2 1 353 310 80 
JW Ee ees Se ree eee eee 387 99.7 1 0 358 358 80 
ail \ypel eee eT ee 8 388 100. 0 1 CO ge a 2 nla in 86 

SOLAS ee ae a ee S8Se pease mere 207 TST hale rare ued [pe a ae Tae Te ole 

1933 
SOyRs Tet SO Tee es ae a eee 4 1.0 3 1 352 234 63 
MDE OO eee eaneger see ees © 23 Od 11 8 360 241 6] 
ANT OSS GASTSING EG Ty) cae 115 28. 3 52 40 364 246 7 
MILB? BSS oe Stes os ee ae 217 53.4 56 46 380 251 68 
a ieiygelio = 10 eet Ses at! 312 76. 8 36 59 373 243 76 
Pavel = 26 = eke 357 87.9 12 33 380 265 77 
Wir 26-JUNe@ 2ee2s = = ee 364 89.7 6 1 282 241 78 
IEICE) PI ee phe oe oe ee 381 93. 8 10 295 239 ff 
MITC Gare. eee oo re 390 96. 1 6 3 298 236 80 
BPTHCR ome were fr. el Ae 396 97.5 4 2 305 258 78 
thi @ SRE VE ee eee ee ee 403 99. 3 5 2 305 252 82 
June 30-July 7_______ pc ed 403 99. 3 0 pe eae we ee 82 
LL? ae a ee eee aay 406 100. 0 2 1 279 273 82 

NOV Ray Lec oe ne ae ANG |e ee 200 DOG hee sh Pa GReALe FAAS CERO 

1 Records were made during the day, and those moths that emerged in the early part of the day were 
counted with one group and those emerging after the count were included in the following period. 

As shown in table 1, the first emergence of spring-brood moths 
occurred on April 21 in 1932 and on April 14, or 1 week earlier, in 
1933. On June 9, 1932, 96.1 percent had emerged, while on the same 
date in 1933, 93.8 percent of the brood had emerged. The generally 
warmer weather that prevailed in 1933 did not appear to affect greatly 
the rate of spring emergence, but it is likely that this factor was 
responsible for the emergence beginning 1 week earlier. Some of the 
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larvae of spring-brood moths in 1933 had required more than a year 
to complete growth, the maximum being 380 days. The minimum 
developmental period, 934 days, for spring-brood moths occurred also 
in 19338. 

OVIPOSITION AND LONGEVITY 

In 1932, 87 pairs of spring-brood moths were mated and records 
obtained of egg deposition and longevity, and similar records were 
kept in 1933 ‘of 18 mated pairs. The records of egg laying and 
longevity are shown in table 2. 

aan 2.—Oviposition and longevity records of mated pairs of tobacco moths of 
the spring brood in 1932 and 1933, in the taboratory, Richmond, Va. 

. shi Average adult 2 Eggs laid longevity ANETAES 

ar ee ee ee ee ee tempera- 
Period of emergence ! Eas a ture fos 

Maxi- Mini- : aca 
satin.) aura Average | Males | Females gence 

period 

1932 Number | Number | Number | Number Days - Days oak 
USN) OLE PA he ale a nee Lan, Se ae 2 | 41 13 27.0 (2) 8.0 57 
INES PSSM As Be a Se 6 | 108 14 65. 5 6. 6 8.3 66 
IME NA Pee ee ee ee ee 34 149 9 65. 8 9.9 8. 6 75 
IMayval2-198 "9 sie stasis 23 134 16 O70. 7 8.6 Oe Whe 70 
Mia yVel9-26. eee Ra ee eee 8 206 17 96. 0 Men 8.4 70 
IMS ¥226—Ji Oh) eee eee 4 75 27 49.0 5.0 8.0 73 
JUN e298 ee See eee + 72 ) 31.0 5.3 6.8 78 
TUNE; OS 16b22. Sas. ae eee 4 93 24 60. 0 7.0 7.8 G8 
JUNC G=23 asec een 2 173 78 125.5 5.0 8.0 78 

oT 0 Galley ee Se eee ae Sip eacee Se ale ee Se ee pe | | 

1933 
INP lA = 21 Se 2 oe eR es eee 1 31 31 31.0 (2) 14.0 63 
1.19 0) Poe AO ee a Se ae 6 80 1 40. 8 7.5, 8.2 61 
ANjoPS PSSM ey Ge 1 72 72 72. 0 (2 25. 0 70 
IV aiyg Da td Reet aia eee 4 260 56 132. 0 Ie 2 12.8 68 
MSAD Oiee = eon eee Be pene 1 84 84 84. 0 9.0 9.0 76 
Wiarysl 9226 eee eee ene Seed | ppc es ay IS aT ee 0 | se acc ae | er 77 
Mave 26—JiUn @; 2s eee ee Qi SS san |e mee | | aa ene | (ee |e 78 
UNC 2-0 ears ee Cae eee es 4 153 76 W553 10.0 12.0 78 
FiTlye9 eae = Sie ORS eae emcee = il 80 80 80. 0 7.0 9.0 85 

| 
ETSG Gell ee eats eta oe ae ee 3 ache tn 2 es a PN | Bor ll |stats | estate ee ae ee 

1 Records were made during the day, and those moths that emerged in the early part of the day were - 
counted with one group and those emerging after the count were included in the following period. - 

2 The length of time the adult lived was not determined. 

The greatest number of eggs obtained from a moth in the spring 
of 1932 was 206 (table 2), while in 1933 one female deposited 260 eges 
The writers are unable to give a satisfactory explanation for the 
great variation in the number of eggs laid by the moths on tobacco. 

The maximum longevity of females in 1932 was 13 days, and in 1932 
one individual lived for the unusually long period of 25 days. The 
longest average period in 1932 of 9.7 days was recorded for 23 fe- 
males that emerged during the period May 12 to 19, with an average 
mean temperature for the period of 70° F. The higher tempera- 
tures that prevailed in 1933 appeared not materially to affect the egg 
deposition and longevity of adults. The female that deposited 260 
eggs in 1933 is considered exceptional, since this is by far the largest 
number deposited by an individual reared on tobacco in the labora- 
tory. 

The quality of cigarette-type tobacco on which moth larvae feed 
affects the rate of erowth and the size of the adult insect. If given 
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a choice, moths wiil select for oviposition those grades of tobacco 
high in sugar. Bovingdon (4, pp. 37-42) conducted food-selection 
experiments which showed that tobacco moths preferred to oviposit 
on flue-cured tobacco. This investigator used dark-fired tobacco in 
comparative tests and concluded that the toxic substances on leaves 
of this type, such as formaldehyde, pyroligineous acid, and methyl 
alcohol, were probably responsible for the choice of the other type. 
The effect of the quality and grade of cured tobacco on the growth 
and reproduction of the tobacco moth is a problem which should 
receive further study. 

RELATIVE HUMIDITY 1933 

RELATIVE HUMIDITY (PERCENT) 

90 —- 
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FIGURE 10.—The relative humidity and mean temperature in the unheated laboratory at 
Richmond, Va., averaged for each semimonthly period of 1932 and 1933. 

TEMPERATURE 

Since a more rapid growth of the insects occurred in 1933 than in 
1932. and this was apparently due to higher average temperatures, 1t 
is considered worth while here to discuss the temperatures that pre- 
vailed in those years. In figure 10 are given the mean temperatures 
and average relative humidities for semimonthly periods in the labora- 
tory during 1932 and 1933. 

The temperature during the first 6 months of 1933 was consider- 
ably higher than in 1932. This higher temperature, however, failed 
to affect materially the rate of emergence of spring-brood moths. 
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(Table 1.) ~The higher temperature during April, May, and June in 
1933 apparently accelerated the development periods and were re- 
sponsible for the fact that a much larger number of individuals com- 
pleted the third generation in that year. The higher temperatures 
prevailing in September and part of October also contributed to the 
growth of moths of the third generation. As shown by incubation 
records in table 3, first-generation eggs were laid 5 days earlier in 
1933 whereas the second and third generations appeared 25 days and 
49 days, respectively, earlier in 1933 than in 1932. 

INCUBATION PERIOD 

Incubation periods of eggs of the first, second, and third genera- 
tions of moths were recorded in 1932 and 1933 and a summary of 
these records is shown in table 3. 

TABLE 3.—Incubation periods of eggs of the tobacco moth in the laboratory, 
Richmond, Va., 1932 and 1933 

FIRST GENERATION 

1932 1933 

Incubation Aver- Incubation Aver- 
period age period age 

mean mean 
Period eggs Eggs tem- Period eggs Eggs tem- 
were laid ! a Weight- Dera were laid ! Weight- Dera 

Range jed aver- for Range | ed aver- ee 

age . age , 
period = period 

| 

| 
Num- Num- 

ber Days Days SA ber Days Days Coe 
IAS TS 25-50 ee 39 10-12 11.0 56) Apr 18-252522 oes 3 9-12 11.0 60 
Apr. 30-May 7-_- 319 7-11 7.9 73 || Apr. 25-May 2_ 270 8-10 8.6 67 
May: 71422 2. 1,918 8-14 9.1 12 IMiaiye2—9 eae 764 8-10 8.8 69 
May 14-21_____-_ _ 1,648 7-15 8.6 71 May 9-16_______ 659 5-10 6.3 75 
May 21-28______ 1, 008 6-12 be 74 May 16-23______ 657 6- 9 6.9 74 
May 28-June 4_- 233 5-10 Cell ta | May 23-30_____- Oh este t bee Be 80 
une 4 Sle eee 118 5- 8 6.9 77 || May 30-June 6__ Oe end [ciate 7 
June 11—-18_______ 240 5= 7 5.9 77 || June 6—13________ 503 4-10 5. 4 84 
June 18-25_______ 211 5- 6 5x3 (84) unerl3>(5aaaaae 32 7-9 8.1 75 
June 25-28______- 34 | 4 6 4.8 82 | 

SECOND GENERATION 

1 | . 

July 20-27..___-.| 618] 48 5.2 83 || June 25-July 2__ 91 BAU ass 84 
July 27-Aug. 3__ | 453 4-7 | 4.9 S2alJuliye2—9e es eee 896 4-6 | 4.8 80 
Auge3—l0 Sees 397 4— 7 | 4.1 84 |) July 9-16_______- 2, 838 5-9 5.7 78 
Aug. 210 (a= =eee 334 4-7 5. 0 SiS yutliyst6—23 eee 981 3-7 4.5 82 
Aug. 17-24______ 484 5- 8 6x3 LOMO yo23—30 Sen 62 4-5 4.3 83 
AUG 24-Sle eee 394 4- 6 4.4 83 || July 30-Aug. 6_- OF Sa eee 84 
Aug. 31-Sept. 7__ 158 4-7 5. 5 86 AES FSB 164 4-6 5.0 81 
Sept. 7-14______- 103 = 7 6.6 (On| ATIZato—2() aes 222 4-7 5. 2 8] 
Sept. 14-2155 == 125 Saal 6.1 75 || Aug. 20-26______ 83 4-7 4.4 80 
Sept. 21-28______ Qi) | sete a ee ee 74 
Sept. 28-Oct. 5_- 16 | - 12-13 12.5 69 || 
Oct? 5-125 77 10-12 TI & 68 |} 
Oct. 125188. 5 eur | 27 | 8-10 8.3 62 | 

| 

THIRD GENERATION 

Oct29-[8hes | 90 8-14 10.8 63 || Aug. 21-28______ | 373 4-7 | 4.8 80 
Aug. 28-Sept. 4_- 129 5-6 | Ox5 78 
Sept. irae | 155 4-6 4.6 82 

| Sept. 11-18_____- | 209) 47) 5.9 79 

1 Records were made during the day, and those eggs that were laid in the early part 
of the day were counted with one group and those laid after the count were included in 
the following period. 
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The extreme incubation periods among 5,768 eggs of first-genera- 
tion moths in 1932 were 15 and 4 days and the shortest average period 
was 4.8 days. In 1933 with higher ‘temperatures prevailing (fig. 10) 
the maximum hatching period in 2,916 eggs was 12 days and the 
minimum period 4 days. The maximum ‘and minimum hatching 
periods of the second generation in 3,186 eggs in 1932 were 13 and 4 
days, respectively. Higher temperatures prevailed in 1933 during 
the period covered by the second generation, and the maximum and 
minimum incubation periods for 5,337 eggs were 9 and 3 days, respec- 
tively. It should be pointed out, however, that second-generation 
moths continued to emerge in 1932 until the middle of October, 
whereas in 1933 the last emergence occurred approximately August 

26 (table 3). The average hatching periods of eggs laid in each gen- 
eration for the 2-year studies, excluding egos laid by females emerg- 
ing in October 1932, were approximately the same. Only a small 
number of third- -generation moths emerged, and many second-genera- 
tion larvae overwintered to emerge as spring-br ood moths. 

LARVAL PERIOD 

The maximum and minimum larval periods of the moths of the 
first and second generations in 1932 and 1933 are given in table 4. 
The higher temperatures which prevailed in May and June 1933 
caused larvae of the first generation to complete development more 
rapidly than the corresponding generation in 1932. 

TABLE 4.—Larval periods of the tobacco moth in the laboratory, Richmond, Va., 
1932 and 1933 

FIRST GENERATION 

1932 1933 

Length of larval | Aver- Length of larval | Aver- 
period age period age 

a mean oe mean 
eriod of temper- eriod of temper- 

hatching: | Larvae Bed ature hatching: | Larvae cat hatte ature 
/ eighte or yeighte for 

Range average | larval Range average | larval 
period period 

} | 

Number| Days Days SEY Number| Days Days SE 
May 4-11____- 20 | 59-101 UR: 76 || Apr. 30-May 7 62 35-77 51e 1 70 
May 11-18___- 41 | 48-128 78.4 70 May 7-14____- 185 34-74 EPA 7- 72 
May 18-25___- 125 | 39-118 75.0 69 May 14-21____ 250 30-72 46.5 75 
May 25-June 1- 51 | 44-117 74.3 73 May 21-28___- 316 29-75 43.1 80 
June 1-8_______ 15 | 46-104 69. 5 77 May 28-June 4 Oy Sa ee pet A 74 
June 8-11______ 3 | 40+49 43.3 74 || June 4-11______ Ue) ESS oe [areca = 83 

' June 11-18_____ 98 32-59 40.9 76 
Ajuhate) 1h¢ ee 6 37-52 42.8 76 

SECOND GENERATION 

Aug. 14-20____ 5 | 37-49 44.6 80 |} June 29-July 6- 4] 25-35 | 31.5 83 
July 6—-13___-__ 4 32-48 37.0 81 
July 13—-20_--___ 64 23-66 35. 3 78 
July 20-22_____ 4 35-48 41.0 83 

1 Records were made during the day, and the larvae that emerged in the early part of the day were counted. 
with one group and those emerging after the count were included in the following period. 

101216°—37 3 
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In 1932 larvae of the first generation began hatching May 4, and 
in 1933 on April 30. The maximum and minimum developmental 
periods for 255 larvae of the first generation were 128 and 39 days, 
respectively. In 1933 these periods among 917 larvae were 77 and 29 
days, respectively. The average larval periods of the second gener- 
ation also were slightly shorter in 1933, when higher temperatures 
prevailed. As stated previously, however, the variation in the rate 
of growth of tobacco moth larvae cannot be satisfactorily explained. 
on the basis of temperature and quality of food alone. 

PUPAL PERIOD 

The maximum and minimum pupal periods for the first and second 
generations in 1932 and 1933 are given in table 5. 

‘TABLE 5.—Pupal periods of the tobacco moth in the laboratory, Richmond, Va., 
1932 and 1933 

FIRST GENERATION 

1932 1933 

Lengthofpupal}| Aver- Length of pupal} Aver- 
period age period age 

mean ae a pees 
Period of enter- tem per- eriod of enter- em per- 
ing pupation! puke Teicht.| ature ing pupation ! pupae : ature Weight for Weight- for 

Range Papeias pupal Range |ed ae pupal 

period period 

Num- Num- 
T Days | Days He ber Days | Days OF 

June 27-July 4_- 3 | 11-12 1b & 82 || Jume 8-15________ 16} 12-14 12.9 82 
july4-i 19 6-12 10.3 79 || June 15-22... ___ 24; 10-12 1k 76 
Suly, Mea 23 8-12 10.8 83 || June 22-29. __ 111 8-13 10. 4 82 
July 18-25_______ 38 6-12 10.3 85 || June 29-July 6__ 389 9-15 Tike al 83 
July 25-Aug. 1__ 28 9-12 10. 6 Son ilyz6—13 ees 206 | 11-15 12.1 81 
EAU a Sees eens ee) 5-12 10. 2 83 || July 13-20_______ 31 10-13 Tk a 78 
AUS S—1On- 45 8-14 11.6 82))|\|Poalys20—272 = 61 9-12 10. 4 84 
ATT oS 5 = 22a 22 | 11-13 11.9 79 || July 27—Aug. 3__ 27 8-13 Tah Th 84 
Aug. 22-29 ~____ 16 8-11 9.5 80 |} Aug. 3-10_______ 5 | 11-12 11.4 80 
Aug. 29-Sept. 5__ 9 10-16 12. 2 S77 PAuseel 0 4a 4 8-12 10.3 84 
meDino— 2ene nee 5 | 10-16 13.9 75 
Sept. 12-19______ 6 14-23 17.8 75 
sept. 19-22______ 1 e209) 25. 0 77 

SECOND GENERATION 

Sept. 20-27. __-.. 2 11-14 225 aD | July 24-31______-_ 1 10 10. 0 82 
Sept. 27-Oct. 4_- 1 15 15. 0 68 || July 31l—Aug. 7__ 5 9-12 eat 84 
Oct74-33 2 9-25 17.0 rl PAIS 7— 14 ee 16 9-12 10. 9 83 

Aes) 142 ee 27 8-14 IBIS 7S 81 
INES OAL Se 15 | 10-14 1285 80 
Aug. 28-Sept. 4__ 9} 10-12 10. 9 78 
Sept. 4-1]_______ 2 11 11.0 82 
Sept. 11-17______ 1 15 15.0 78 

1 Records were made during the day, and those larvae that pupated in the early part of the day were 
counted with one group and those pupating after the count were included in the following period. 

For the first generation the maximum and minimum pupal periods 
for 255 pupae in 1932 were 25 and 5 days, respectively. In 1933 the 
maximum and minimum periods for 874 pupae were 15 and 8 days, 
respectively (table 5). The shorter periods in 1933 were probably due 
to the slightly higher temperatures which prevailed. The length of 
the pupal period increased at lower temperatures and was shortened 
by high temperatures, 
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LENGTH OF LIFE CYCLE 

The egg-to-adult period of the tobacco moth showed a wide range, 
which was due for the most part to the uneven rate of growth of the 
larvae. The maximum and minimum periods for individuals of the 
first and second generations which completed growth in 1932 and 1933 
are given in table 6. 

TABLE 6.—Egg-to-adult periods of the tobacco moth in the laboratory, Richmond, 
Va., 19382 and 1933 

FIRST GENERATION 

1932 1933 

Length of egg-to-| Averege neneeh of egg-to-| Average 
adult period akties adult period mean 

; po) Ae mper- fee | Peek eee ee COM) Ors 
Period eggs were ie ature || Period eggs were ane ae 

HET duced Weight-| {07 a: lala duced Weight-| {oF de- 
Range os mental Range pe eee ierital 

period period 
eh ies kee eaten (eee |i oe tr as eel, en ee a 

Number| Days | Days He Number| Days | Days | 1 ts 
Apr. 22-29_______ 16 | 82-123 94.6 SOL WPA DES -2052== ee 26 | 62-123 71.3 60 
Apr. 29-May 6_-_ 10 | 81-152-| 102.7 7 Apr. 25—-May 2_-_ 88 55-97 75. 6 67 
Miayi6—-13 2s 151 | 58-144 93.9 74 || May 2-9________ 311 52-93 70. 3 69 
May 13-20______ 26 | 66-151 102. 7 70 || May 9-16_______ 99 50-93 65.9 75 
May 20-27______ 42 | 63-134 88. 2- t2) |i May: 16-23-22 = 275 46-77 59. 4 74 
May 27-June 2__ 10 | 59-133 79.0 73 || May 23-30_____- £0] Resa S| | 80 

é May 30—June 6__ OR) Sen ee oa 74 
JUNC G jee 95 | 49-75 60.3 84 

SECOND GENERATION 

| 
ac. 9-14.22 D 54-79 64.0 83 || June 25-July 1__ 5 39-53 47.6 82 

Tilly Sena 32 40-63 47.5 82 
ulyeS hes 46 44-85 54. 3 83 
July: 15-16___-- _- 1 | 62 62.0 80 

1 Records were made during the day, and those eggs that were laid in the early part of the day were counted 
with one group and those laid after the count were included in the following period. 

The rearings included in table 6 were exposed to higher tempera- 
tures in 1933, and this is in part responsible for more rapid develop- 
ment than shown in those of 1932. The maximum and minimum de- 
velopmental periods of 255 moths of the first generation in 1932 were 
152 and 58 days, respectively. In 1933 the range for 894 moths was 
from 123 to 46 days. This more rapid growth in 1933 allowed 84 
moths of the second generation to be reared, whereas in 1932 only 5 
second-generation moths completed development. The lowest average 
egg-to-adult period, 47.5 days, for a group was for 32 moths that 
hatched during the interval July 1 to 8, 1933. 

Observations made in tobacco storage warehouses in Virginia and 
North Carolina showed that the life cycle of the moth was approxi- 
mately the same as in the laboratory. Spring emergence began usu- 
ally from 7 to 10 days later in warehouses, owing to the longer time 
required for the temperature of bales and hogsheads of stored to- 
bacco to rise. This lag in seasonal occurrence between laboratory 
and storage-reared moths is equalized in the fall, since the tempera- 
ture of bales and hogsheads drops more slowly than the temperature 
of laboratory rearing containers. 
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In order to show graphically the seasonal occurrence of the tobacco 
moth in 1932 and 1933 the data are presented in figure 8. The spring 
brood of moths, which is composed of a small percentage of the first- 
generation larvae, approximately 50 percent of the second, and all of 
the third of the preceding year began pupating approximately March 
15, and emergence began approximately April 10. These dates are 
based upon laboratory life-history studies and many observations 
made in tobacco factories and warehouses during the period 1932 to 
1934 in Virginia and North Carolina. 

CONTROL 

NATURAL ENEMIES 

The tobacco moth has an important enemy in the small braconid 
parasite Microbracon hebetor (Say) (fig. 11). The sting of this 
small wasplike insect in a well-grown larva of the moth results in 

} complete paralysis 
of the larva in a few 
minutes. Eggs are 
then deposited be. 
neath or attached to 
the body of the host 
larva. These eggs 
hatch in~- about 2 
days, when the tem- 
perature is above 70° 
F’., and the young 
parasite grubs feed 
voraciously on the 
body of the moth 
larva... A: “total son 
1,900 egg - to - adult 
rearings of the para- 
site were made in the 

FIGURE 11.—The parasite Microbracon hebetor in the act of laboratory, gr own 
stinging a larva of the Mediterranean flour moth, lgrvae of the tobac- 
Ephestia kuehniella. X 10. . 

co moth being used 
as hosts, and records of egg deposition and longevity were com- 
pleted for 14 females. A summary of these records shows the fol- 
lowing averages: Incubation period 2 days, larval period 3.4 days, 
pupal period 5.2 days, egg-to-adult period 14.5 days. The highest 
number of eggs obtained from one female parasite was 517 and the 
lowest was 96. The average of the 14 females was 323 eggs each. 
The temperatures ranged from 65° to 85° during the time the fore- 
going records were being obtained. The shortest egg-to-adult period 
recorded for the tobacco moth was 39 days (table 6). It is estimated 
that under favorable conditions from two and one-half to three gen- 
erations of this Microbracon will develop for each generation of the 
tobacco moth, and that on the average the parasite will reproduce at 
approximately three times the rate of the moth. These factors would 
appear to give the parasite a tremendous advantage in tobacco stor- 
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ages, but the writers have been unable thus far to devise a satisfactory 
system of measuring the factors which apparently reduce the effec- 
tiveness of the parasite. 

Observations in tobacco warehouses showed that these parasites 
overwinter as adults and pupae at or near the surface of hogsheads 
or bales of tobacco, and in cracks of walls or ceilings. These loca- 
tions exposed the insect to the lowest temperatures in winter, and 
this was believed to be a factor of importance in reducing the popu- 
lation. In some warehouses infested by the tobacco moth no para- 
sites were observed during the development of the first-generation 
larvae, but by September 15 they had increased to a point where 

thousands were seen on the surfaces of the tobacco and on windows 
of the warehouse. The individuals crawling on the closed windows 
were probably attempting to escape because of a shortage of host 
larvae. Experiments with light traps show the adult parasites to be 
positively phototropic but only to a small degree. 

The other natural enemies of the tobacco moth observed in ware- 
houses were mites of the genus Laelaps, which attach themselves to 
adults, and a spider, Therzdion tepidariorum Koch, which sometimes 
constructs considerable webbing in which hundreds of moths are 
captured and destroyed. Neither the mites nor the spiders, however, 
have been observed to be of material aid in controlling moth 
infestations. 3 

TEMPERATURE 

The conclusion was reached, based on many observations in ware- 
houses, that overwintering larvae of the tobacco moth can withstand 
the low temperatures occurring In winter in Virginia and the Caro- 
linas without heavy mortality. Therefore low temperatures in stor- 
age warehouses cannot be considered as a natural control of hibernat- - 
ing moth larvae. 

ARTIFICIAL CONTROL IN CLOSED STORAGE 

INSECT TRAPS 

Traps in which a combination of suction and light is used were 
tested in tobacco warehouses against the adults of the tobacco moth. 
These traps have proved ineffective, as shown by experiments of 
Reed et al. (79, p. 12), and cannot be recommended for use in ware- 
houses against the insect. 

PERIODIC ATMOSPHERIC FUMIGATION 

From 1930 to 1932 the writers carried out fumigation experiments 
at atmospheric pressure in tobacco warehouses for the control of 
the tobacco moth. Hydrocyanic acid was used in the experiments, 
at dosages ranging from 4 to 24 ounces per 1,000 cubic feet, with 
exposures ranging from 12 to 72 hours. During the early stages of 
the work in 1930, it became apparent that if satisfactory results were 
to be obtained from the fumigation of warehouses, care must be 
exercised in sealing the infested buildings (/, p. 6), and in many 
instances fumigations must be repeated at intervals. 
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-PREPARATION OF WAREHOUSES FOR FUMIGATION 

The infested warehouses (figs. 12 and 13) were equipped with the 
standard 14-inch copper pipes and small disk spray nozzles for dis- 
tributing the hydrocyanic. acid to all parts of the building. The 
small copper pipes entered through a hole in the wall near a con- 
venient door or platform and were attached to the wall or ceiling in 
accordance with a plan to distribute the gas throughout the space to 
be fumigated. One small disk-type spray nozzle was installed for 
each 20,000 to 30,000 cubic feet of storage space. This system of 
pipes and nozzles enabled the gas to be introduced into the ware- 
houses from the outside. The warehouses were filled with hogsheads 
of fiue-cured tobacco which were stacked not over four hogsheads 
high (fig. 14), and space was left between the rows for ventilation 

Ficure 12.—Closed tobacco-storage warehouse containing three stories and a basement. 
ph warehouse was fumigated periodically during 1932 for the control of the tobacco 
moth, 

and for the use of laborers in moving the hogsheads. The spray 
nozzles were so placed that the hydrocyanic acid would spray into the 
space between the rows of hogsheads. 

The most satisfactoy method of sealing ventilators was found to be 
that of placing a piece of durable cardboard over the metal grate 
and then fastening a piece of gasproof tar paper to the brick wall, 
covering the entire ventilator. A thin strip of a good quality of 
heavy wrapping paper was then pasted over the edges of the tar 
paper to prevent them from warping from the heat of the sun. In 
tigure 15 is shown a sealed ventilator which was torn open and photo- 
oraphed to illustrate the details of the sealing. 
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FicuRE 13.—Closed tobacco-storage warehouse one story high, divided into sections by 
fire walls. This warehouse was fumigated periodically during 1932 for the control of 
the tobacco moth. 

-Ficure 14.—Hogsheads of flue-cured tobacco in storage. These hogsheads may remain 
here from 2 to 4 years during the aging period, and the tobacco moth may inflict severe 
damage unless the warehouse is fumigated periodically. 
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The eaves of the warehouses, wherever possible, were sealed from 
the inside with elastic roofing cement (fig. 16). This material was 
inexpensive, durable, and not difficult to apply. In some instances it 
was found necessary to seal the flashing around the eaves and the 
skylights from the roof. This sealing was satisfactorily done by 
pasting strips of a tough paper over the metal flashing where it 

joined the brick wall, by 
using a paperhangers’ 
paste. This method of 
sealing from the roof is 
shown in detail in figure 
17. It should be empha- 
sized, however, that ordi- 
narily a most effective 
seal was obtained from 
the inside, using the elas- 
tic cement, and it is rec- 
ommended that, when- 
ever possible, the eaves of 
tobacco warehouses be 
sealed from the inside. 
Many of the windows 

in the warehouse shown 
in figure 12 had loose 
frames and were in poor 
condition, generally, and 
it was found advisable to 
seal the entire window 

FIGURE 15.—A ventilator situated near the floor of space with a gasproof tar 
a tobacco warehouse, showing the manner of 
sealing for fumigation. A portion of the card- Paper. The paper Was 

Se ee or a ll a 
the sills and facing. A 

wooden strip was then tacked over the paper along the window 
frames and elastic roofing cement used for sealing along the edges. 
This method of sealing windows is shown in figure 18. 

The sliding doors of the warehouses presented a difficult problem in 
sealing. <A sealing mixture was developed, consisting of 4 parts of 
asbestos to 1 part of calcium chloride and sufficient water to make a 
stiff dough. This mixture was prepared in a large shallow box 
mounted on a small truck and was plastered around all edges of the 
doors, effecting a complete seal. The calcium chloride preserved the 
moisture in the asbestos and prevented cracking before the end of the 
experiment. This mixture had the advantage of cheapness and ease 
of application, and was easily removed from the doors at the end of 
the fumigation. In figure 19 is shown a door of a tobacco warehouse 
sealed for fumigation. 
When the sealing operations were completed, the warehouses were 

fumigated with hydrocyanic acid. The method of introducing the 
fumigant is shown in figure 20. The copper pipes passing through 
the brick walls of the warehouses can be seen, and in the foreground 
are 14-horsepower motors and compressors used to provide the re- 
quired pressure in the cylinders, each of which contained 75 pounds 
of the fumigant in liquid form. 
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FIGURE 16.—Eaves of .a tobacco warehouse sealed with plastic cement from the inside 
of the building. This cement was forced with a pressure gun into any crevices through 
which the fumigating gas might escape. 

FIGURE 17.—Eaves of a tobacco warehouse sealed from the top of the building by pasting 
a strip of tough paper, 10 inches wide, over the flashing where it joins the brick wall. 
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CONTROL EXPERIMENTS OF 1932 

PRELIMINARY TESTS 

Experiments in warehouses infested by the tobacco moth ¥ were car- 
ried out in 1930 and 1931 which showed that if this pest is to be 
held under control by atmospheric fumigation, a program of periodic 
fumigations must be devised. The experiments showed that it was 
rarely possible to obtain complete control of the tobacco moth from 
oné fumigation at atmospheric pressure, regardless of the dosage of 
fumigant applied. A series of experiments was then outlined to 
fumigate 3,318,000 cubic feet of storage space (figs. 12 and 18) in 
which tobaceos were stored valued at ones $10,000,000. The 
infested warehouses were divided by brick fire walls into sections each 
containing about 200,000 cubic feet, and one spray nozzle was installed. 
for each 30,000 cubic feet. 

FiGgURW 18.—A gasproof tar paper used for sealing the entire window Space in a tobacco 
warehouse. 

LIGHT-TRAP INDICATORS 

On April 11, 1932, ight traps, in which a sticky fly paper was used, 
were placed in the ‘warehouses. Each of these traps consisted of a 
fabricated board 16 inches long, 10 inches wide, and three-eighths of 
an inch thick, on which a sheet’ of sticky fly paper was fastened with 
thumbtacks. "They were suspended at an angle of 45° about 6 inches 
below electric lights (fig. 21). One such trap indicator was installed 
for about each 97,000 cubic feet of storage space. The tobacco moth 
was not positively phototropic to a high degree, but the catches of 
moths on these indicators served very satisfactorily as a guide in 
scheduling the periodic fumigations. 
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The average weekly catch of moths for the period April 11 to 
October 31 and the average temperatures for each week are shown in 
table 7. The first moths of the spring brood were collected from the 
trap indicators in the week which ended April 25. In the week which 
ended May 30 the average catch of moths per indicator was 270.7, and 
it was believed that this represented about the peak of emergence of 
the spring brood. The warehouses were sealed in the manner already 

FicurE 19.—Sliding door of a tobacco warehouse sealed with a mixture of asbestos and 
ealcium chloride in preparation for fumigation. 

described and were fumigated on June 1, using a dosage of 10 ounces 
of hydrocyanic acid per 1,000 cubic feet of storage space and an 
exposure of 72 hours. Fumigations at this dosage and exposure were 

repeated in the warehouses on June 28, August 3, and September 8. 

The total and the average catches of moths per trap for each week are 

shown in table 7. 
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TABLE 7.—Weekly catch of tobacco moths on 34 light-trap indicators placed in 
infested storages Apr. 4, and the dates of fumigation, Richmond, Va., 1932 

BEFORE FUMIGATION 

Average temperature in ware- 
Catch of moths nena 

Week ended— 
Average qi ere 

ee Maxi- Mini- 
Total per in- Mean 

dicator machen ee eee 

Number | Number ae Coie Cri 
BG) ep) i tear te aaah NO ae hc ee (OP bare es 61 43 52 
FX 0) sey la aes eer eR AME Ot ee es ea I Oe) [Somes ens 61 37 49 
ADER20 52 com: 2 ee ie SE ee a a ees ee ee ae eee ee 3 0. 09 74 37 61 
DA Ey i ese ats pe are eae eke! ae ie A ee Bae 14 .4 71 51 61 
HAY, Besa ah? Paha se nee See yea nk TL jp eee ee ee 32 .9 80 56 68 
Me ays 1G ie ee a, a ES Ee Ss 256 7b ail 53 62 
Wray 23 es So Se Sore I Ae ke ek er 2, 386 70. 2 73 52 63 
Miaives 0 : Sib Oe ee 9, 203 270.7 81 {a} |. 68 

AUT Se Ns A a Ree SR Dy ie ee ONE se see 88 65 75 
ANI AO St ee eae ees SSeS Ue ae ee 43 13 90 67 78 
UID Fe Se ae Se ee 123 3.6 86 66 76 
ATT SALON coe ek ae VS are oe 2 es eal ee 946 27.8 92 65 85 
SGP ie ee ee ee eee 652 19.2 97 73 81 

SO py Gel ney eee se EE ee he See ae 2 eS Ou zeoe tees 91 70 81 
Sep Ger OS he Wa Des or Cee Eee ee ete 2 va Ser eats QS Dict ees 88 68 74 
Septn26see. 22 See TS Vee a eee ee 101 3.0 80 62 71 
OCESS BREN te es Se eee Se ee oS se 166 4.9 76 52 64 
Oct OES oos ne oe Ss See eee oer eee nes 241 Goal 75 49 62 
OCEALI RSE ees Uae Fe See 2 en eee Ee 248 7.3 69 48 58 
Oct e245 oss She ee 2 eee eee ene see eco see w ees gil 2.1 72 53 62 
OGtyS ge ois es ce a eee a eee Sen es 24 aU 66 47 56 

RESULTS OF PERIODIC FUMIGATIONS 

In figure 22 are shown the average weekly eared of moths per trap, 
the dates of the periodic fumigations, and the average maximum 
and minimum temperatures each week for the period May 2 to Octo- 
ber 31, 1932. As shown in table 7, the average catch of moths per 
indicator for the week prior to Hie fumigations on June 1, June 28, 
August 3, and September 8, respectively, were as follows: 270.7 : 5A, 
22.5, and 19.2. After the final fumigation on September 8, the indica- 
tors were operated until October 31, and the highest average catch of 
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moths was 7 for the weeks ended October 10 and 17. Although the 
tobacco moth is not positively phototropic to a high degree, it has 
been determined * that light traps of the type described above were 
satisfactory for indicating the progress of emergence and the dates 
for periodic fumigations. Since it has been recommended that fumi- 
gations be carried out in warehouses when the average catch of 
moths reaches 30 per week, all of the fumigations after June 1 were 

HicurE 20,—Cylinders of hydrocyanic acid and air compressors used in connection with 
the fumigation of warehouses for control of the tobacco moth in 1952. The copper 
pipes. gutering the warehouse through the brick wall can be seen on the rear wall at 

e right. 

conducted when moth infestations were probably below the point 
of economic damage. It is believed, therefore, that the fumigation 
made on June 28 could have been delayed and that three fumigations 
during the season of 1932 would have sufficed to hold the tobacco 
moth under control. 

FACTORS INFLUENCING RESULTS IN WAREHOUSE FUMIGATIONS 

DOSAGE, TEMPERATURE, AND PERIOD OF EXPOSURE 

The dosage, temperature, and exposure were all found tg be of im- 
portance in obtaining satisfactory results in controlling the tobacco 
moth by periodic fumigations at atmospheric pressure in closed to- 
bacco warehouses. During experiments in 1930, 1931, and 1932, the 
writers used dosages of hydrocyanic acid ranging from 4 to 24 
ounces per 1,000 cubic feet of storage space.* It was concluded 

4 REED, W. D., LivinGsToNE, H. M., and MORRILL, A. W., JR. THE FUMIGATION OF TO- 
BACCO WAREHOUSES. U.S. Dept. Agr., Bur. Ent. and Plant Quarantine Cire. E—325, illus. 
1934. [Mimeographed. ] : 
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\ 

FigurE 21.—Trap to denote the presence of tobacco moths in infested warehouses. 
When the average catch of moths per indicator per week reaches 30, the warehouse 
should be fumigated. 
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from the results of this work that dosages of hydrocyanic acid higher 
than 16 ounces were not economical to apply owing to the loss by 
leakage. In many instances it was found that a dosage of 10 ounces 
to 1,000 cubic feet was the most economical, when used for periodic 
fumigations during the warm months of the year. For best results 
in the fumigation of warehouses for control of the tobacco moth, 
it was found that the temperature of the stored tobacco should be 
70° F. or above. This requires that the control program in Virginia 
and North Carolina must ordinarily be limited to the period from 
June 1 to October 31. 

The period of exposure which gave the most effective results in 
warehouse fumigation was 72 hours. It is recognized that some in- 
vestigators, notably Page and Lubatti (74, 75), have found that, 
owing to factors of leakage and absorption, the concentration of hydro- 
cyanic acid gas was greatly reduced after 6 or 8 hours. Neverthless, 
the results obtained in periodic fumigations of tobacco warehouses 
were more satisfactory with a 72-hour exposure than when exposures 
of 24 and 48 hours were used. The concentration of hydrocyanic 
acid gas in the air of tobacco warehouses under fumigation will vary 
with the different types of closed buildings, and this subject will also 
receive further investigation. The writers, unfortunately, were not 
equipped to determine the gas concentrations following the periodic 
fumigations mentioned in this circular. The control data given were 
obtained in experiments where only the factors of dosage, temperature 
of tobacco, and duration of exposure were considered. 7 

CONSTRUCTION OF BUILDINGS 

The type of construction in closed tobacco warehouses affected the 
results in fumigation. In warehouses having dirt floors covered with 
coal cinders, less satisfactory results were obtained from fumigations 
than in warehouses in which the floors were constructed of concrete 
or wood. The thickness of walls and the tightness of eaves, venti- 
lators, skylights, windows, and doors all affect the results obtained 
from periodic fumigations. It was observed that in well-constructed 
warehouses two fumigations for the season were satisfactory, while 
in warehouses of poor construction three, and sometimes four, fumiga- 
tions were necessary for satisfactory control. 

MOVEMENT OF TOBACCO 

Another important factor in the number of periodic fumigations 
required annually for controlling the tobacco moth is the normal 
movement of tobacco in storage. In warehouses, especially in large 
storage centers, there is a rather constant movement of aged tobaccos — 
from the warehouses throughout the year, either for export or domes- 
tic manufacture, and of new-crop tobaccos into the warehouses from 
redrying plants (1, p. 46). In many instances fermented _tobaccos 
which have been stored for 1 year or more in isolated localities are 
transferred to the large storage centers. A record was made of all 
hogsheads of cigarette-type tobaccos, which had been stored for 1 
year or more in other localities, that were moved into the 3,318,000 

cubic feet of warehouse covered by the data shown in figure 22. The 
receipts of the hogsheads of tobacco were summarized for the period 

May 1 to October 31, 1932, and these data are shown in table 8. 
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TABLE 8.—Summary of receipts of hogsheads of tobacco which had been stored 
for 1 year or more in other localities, Richmond, Va., 1932 

| State from 

Dates of receipt Hogsheads! | eae 

| received 

Number | 
Via yal eb OR UN Ch lee epee ie tke Ree ape Mee Ce) oe a a 32 | Virginia. 
ARETE DAKO) AWTS PASS See cae a a oe yeaa cS ll a ca 16 Do. 
FUBUBE) PAS) WONT WME SS eS ONE 2 TIS as es in 0 aa ee as 16 Do. 
PACT OSG OSC 1 io eee ee ee a wae ere err en eS : 816 | Virginia, 

: North 
Carolina. 

~ Sew Oaio Ores BU se se ee ee es ee ee ee ek 2,144 | Virginia, 
North 
Carolina, 
Georgia. 

2 ABOU E 8 aS EEO a Se i a EO age ee I 3, 024 

- 1 Average contents, 1,000 pounds net. 

The 38,024 hogsheads (approximately 3,024,000 pounds) of old 
tobaccos were not segregated in the warehouses, but were distributed 
in the various sections according to grade of tobacco, in accordance 
with regular warehouse practice. These old hogsheads came from 
storage centers where there was known to be tobacco moth infestation, 
and observations showed that some of the hogsheads contained moth 
infestations when received. It was not feasible to open and inspect 
these hogsheads upon receipt, owing to the cost of such inspection and 
the interruption to warehouse procedure. Observations were occa- 

sionally made, however, on lots of hogsheads, which showed that 
some moth infestation was being brought into the warehouses in these 
old tobaccos. It was concluded, for example, that most of the infesta- 
tion shown by the light-trap indicators from August 4 to September 8 
came from the 816 old hogsheads received in the warehouses during 
that time. Likewise, the 2,144 hogsheads received from September 9 
to October 31 provided most of the infestation which appeared on the 
indicators during that period. This movement of old tobaccos into 
warehouses is an important factor in evaluating results from periodic 
fumigations of tobacco warehouses. It is often impractical to have 
all hogsheads fumigated immediately prior to their being placed in 
warehouses. This procedure would require specialized apparatus, 

such as vacuum or atmospheric chambers, and would often interrupt 
warehouse routine. 

‘ 

COST OF THE CONTROL PROGRAM OF 1932 

Records were made of all expenditures for the fumigation exper!- 
ments in the warehouses, the results of which are shown in table 7 and 

figure 22, including hydrocyanic acid, materials for sealing the ware- 
houses, labor, and the service charges of a commercial fumigator. 
The average cost per 1,000 cubic feet of space fumigated (total for 
four fumigations), using a dosage of 10 ounces of liquid hydrocyanie 
acid, was 61.2 cents, and the average cost per hogshead of tobacco 
protected was 9.8 cents. ‘These costs were distributed as follows: 
Hydrocyanic acid, 81.2 percent; materials for sealing, 4 percent; 
labor, 6.8 percent; and services of a commercial fumigator, 8.5. per- 
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cent. Since a hogshead of high-grade cigarette-type tobacco is valued 
at about $300 (November 1936), this low cost presents no obstacle to 
owners of infested warehouses who would fumigate periodically for 
the control of the tobacco moth. 

RECOMMENDATIONS FOR TOBACCO MOTH CONTROL IN CLOSED WAREHOUSES 

Since it was demonstrated in the warehouse experiments sum- 
marized in figure 22 that effective penetration of hydrocyanic «acid 
gas was rarely obtained deeper than 3 inches in hogsheads of tobacco, 
it is recommended that periodic fumigations be carried out in ware- 
houses during the warm months of the year. In most instances grown 
larvae of the moth migrate to the surface of hogsheads of tobacco 
and seek a sheltered place in which to pupate and transform to the 
adult. From this time until the death of the moth, a period of 
approximately 3 weeks, the insects remain at or near the surface of the 
tobacco. The eggs, larvae, pupae, and adults that are near the sur- 
face of the tobacco are all vulnerable to the gas, and effective con- 
trol may be obtained by atmospheric fumigation at the opportune 
time. Unsatisfactory results often occur when fumigation is per- 
formed during the period when most of the brood is in the larval 
stage, and feeding several inches below the surface. It is very 1m- 
portant, therefore, to time the periodic fumigations to correspond 
with the emergence of the broods of adults from May to October. 

The indicator shown in figure 21 may be used successfully to de- 
termine the dates for fumigation. One of these indicators should 
be placed in the warehouse for each 50,000 cubic feet of storage space. 
They should be suspended at an angle of 45° approximately 6 inches 
beneath electric lights. The most efficient ight for use in connection 
with the indicators was the 40-watt bulb. It is reeommended for the 
best results. that only those lights over the indicators be allowed to 
burn during the night. The following control program is suggested 
for closed storage warehouses: 

(1) Place indicators in tobacco warehouses prior to the emergence of the 
spring brood of tobacco moths. (In Virginia and North Carolina this date is 
approximately May 15.) 

(2) When the average catch of tobacco moths is 30 per indicator per week, 
fumigate the infested warehouses with hydrocyanic acid, using a dosage of 10 
ounces of the liquid per 1,000 cubic feet, with an exposure of 72 hours. 

SAFEGUARDS IN FUMIGATION 

It would be impossible to overemphasize the importance of prop- 
erly planning and carrying out the fumigation of tobacco warehouses 
(1, p. 50). The use of toxic gases, especialy hydrocyanic acid gas, is 
dangerous to human life unless fumigators are equipped with prop- 
erly fitted gas masks and are skilled in the use of the fumigant. Data 
regarding suitable gas masks and other equipment required in fumi- 
gation can be obtained from the fumigant manufacturers. The local 
fire departments should be notified of the date of fumigation, and all 
other agencies concerned should cooperate fully im carrying out regu- 
lations designed to safeguard lives and property. 

After a warehouse has been prepared for receiving the gas, a care- 
ful search should be made to determine that laborers or other persons 
have vacated. Conspicuous signs should be placed on the doors and 
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guards provided to keep persons or domestic animals away. When 
the warehouse is opened for ventilation, a minimum of 12 hours 
should elapse before any one is permitted to enter. In moist weather 
this period should be extended. A trained fumigator should then 
inspect the warehouse and notify the personnel when it is safe to 
resume work. 

If a person should be overcome by the gas used in fumigation he 
must be taken into the fresh air immediately and a physician called. 
In cases of poisoning with hydrocyanic acid gas fresh air should enter 
the lungs in a manner similar to normal respiration. If the person 
affected is breathing normally, it 1s often a satisfactory course to take 

| him into the open air and make him breathe the fumes of ammonium 
| carbonate, which will assist the victim in recovery. Fumigators 
| should have a supply of this chemical at hand for use as an antidote 
for cyanide gas. If breathing has stopped or is irregular, artificial 

| respiration should be employed at once. One of the most efficient 
| means of promoting respiration artificially is the Schafer prone-pres- 
| sure method. A summary of this method of resuscitation has been 
_ given in a recent circular of the United States Department of Agri- 
| culture (1, p. 52) and therefore will not be repeated here, but all 
| persons engaging in fumigation work should request the fumigant 
manufacturers to supply the details of the process. All persons re- 
sponsible for carrying out fumigations should be familiar with the 

| best known antidotes for gas poisoning and the proper technique of 
| artificial respiration. ‘ 

DISCUSSION 

The control recommendations given in this circular pertain to large 
| storage warehouses where the great bulk of cigarette-type tobaccos 
| are stored, often for long periods, in order to allow the tobaccos to 
| ferment prior to manufacture. Under these conditions the only fumi-- 
| gant found satisfactory in tests was hydrocyanic acid gas. This gas 
| was not explosive or inflammable at the concentration found to be 

effective, and its use was approved, under prescribed safeguards, by 
| fire insurance companies. Carbon disulphide was found to be a satis- 
| factory fumigant for tobacco at atmospheric pressure, but when fumi- 
gating sections of storage space containing from 150,000 to 200,000 

| cubic feet each, the quantity of this fumigant required was so great 
| that a real fire hazard was involved. The majority of fire insurance 
| companies object to the use of carbon disulphide where the risk is 
| so great. ; 
' Since it is not feasible to move the vast stores of cigarette-type 
| tobaccos through specialized apparatus, such as steel chambers, for 
_ fumigation in partial vacuum, or into rooms constructed especially 

for fumigation, at atmospheric pressure, the writers attacked the prob- 
| lem of control in the warehouses. It proved feasible to work out a 

' fumigation schedule according to which applications of gas can be 
made at times when the maximum population of moths are vulner- 
able. This principle of insect control has been applied for many 

| years in economic entomology, and for nearly all insecticides, except 
in the field of fumigation. It is rarely possible to obtain a complete 
elimination of insects by the fumigation of large quantities of stored 

_ products under the conditions usually found in factories and ware- 
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houses. In the United States for the last 15 years there has been an 
ever-increasing concentration of tobaccos held for long periods in 
storage, and the only practical solution of the insect problem under 
these conditions is periodic controls applied in the warehouses. 

Specialized fumigation apparatus is being adapted for use in to- 
bacco factories, in treating both unmanufactured tobaccos and manu- 
factured products. A number of fumigants have been tested for use 
in partial vacuum and at atmospheric pressure, the most satisfactory 
of which were mixtures of ethylene oxide, 1 part, and carbon dioxide, 
9 parts; methyl formate, 15 percent, and carbon dioxide, 85 percent; 
and hydrocyanic acid. 

The most promising type of specialized apparatus for tobacco 
fumigation consists of vacuum chambers. These are steel tanks con- 
structed of the proper size to accommodate the load to be fumigated. 
Considerable quantities of unmanufactured cigar tobaccos, Turkish- 
type tobaccos, and manufactured tobacco products are being fumi- 
gated in these tanks. The chambers are filled with tobacco, and then 
the air is removed by a pump until a reading of 29 inches or slightly 
ubove is recorded on a mercury gage. The fumigant is then ad- 
mitted, and satisfactory results are usually obtained, when the tem- 
perature of the tobacco is above 70° F., with an exposure of 314 to 4 
hours. Additional research must be carried out in this field of fumi- 
gation before recommendations are available. 

SUMMARY 

This circular includes the most important observations and studies 
made of the tobacco moth (#'phestia elutella) at Richmond, Va., from 
1931 to 1984. 
A review of the literature on the history and distribution of the 

moth shows it to be a general feeder on dried vegetable products, but 
the writers assume that unknown factors in the biology have pre- 
vented the insect from assuming greater importance as a stored- 
product pest. 

The moth was first recorded as a pest of tobacco in Crimea in 1913 
and has since appeared infesting cigarette types of tobaccos in Bul- 
garia, Greece, Turkey, Rhodesia, England, Poland, and the United 
States. 

The injury to cured tobacco is inflicted by the larvae of the moth. 
Often the entire leaf is consumed with the exception of the larger 
veins—a type of feeding resembling that of many species of leat- 
eating caterpillars. The webbing made by the nearly mature larvae 
often gives infested tobacco an unsightly appearance. 

The larvae were observed to attack most severely those grades of 
tobacco that contained the highest percentages of sugar in the leaf, 
which include the higher priced commercial grades of the flue-cured — 
type. 

; rsnneree studies made during 1932 and 1933 show that under 
the usual conditions of temperature and moisture prevailing in Vir- 
ginia and North Carolina three broods of moths appear during the 
period April 24 to October 31. Larvae of three generations are 
produced each year. A small percentage of the first generation, 
approximately 50 percent of the second, and all of the third over- 
winter as larvae to emerge the next year as the spring brood of moths. 
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The temperature was considerably higher in 1933 than in 1932, and 
this was reflected in the more rapid development of the larvae and 
pupae, but it did not appear to affect materially the average incuba- 
tion period of eggs or the average length of adult life. Spring-brood 
emergence began on April 21 in 1932 and on April 14 in 1933. Some 
larvae which emerged as spring-brood moths in 1933 had required 
more than a year to complete development, the maximum being 380 
days. 

Records of oviposition and longevity of 105 pairs of moths show 
that the greatest number of eggs obtained from one female was 260, 
and the maximum longevity of adults was that of a female in 1933 
that lived 25 days. 

The maximum and minimum periods consumed in developing 
through the egg, larval, and pupal stages are summarized and dis- 
cussed. The uneven rate of growth of larvae caused an overlapping 
of generations, and it was concluded that this great variation could 
not be satisfactorily explained on the basis of temperature and qual- 
ity of food. The higher temperatures prevailing in 1933 caused a 
more rapid growth of larvae, permitting 84 second-generation indi- 
viduals to complete growth, whereas in 1932 only 5 completed growth. 

The natural enemies of the tobacco moth are a small braconid para- 
site, Microbracon hebetor, which attacks well-grown larvae; a mite 
of the genus Zaelaps, predacious on adults; and a spider, 7’heridion, 
tepidariorum, which destroys hundreds of adults. None of these 
natural enemies exert effective control of moth infestations in 
warehouses. 

Periodic atmospheric fumigation of tobacco warehouses of the 
closed type proved effective in 1932. A dosage of 10 ounces of hydro- 
eyanic acid per 1,000 cubic feet of storage space was used. Four 
fumigations were carried out between June 1 and September 8 at an 
average total cost of 61.2 cents per 1,000 cubic feet fumigated and. 
an average cost of 9.8 cents per hogshead of tobacco. 
Recommendations are given for the periodic fumigation of tobacco 

warehouses, and the results of experiments in sealing closed-type 
storages are presented. 

The importance of using every known safeguard to protect hfe and 
property during fumigation is emphasized. 
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