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TI—IE RIOLOGY AND CONTROL OF THE
o BLUEBERRY MAGGOT' IN WASHING-
TON COUNTY, ME.

By F. H. Laruror, Senior Enlomologist, and C. B NIChELﬁ, Associate Eniomolo-
gist, Diviston of Deciduous Fruil Tnsects, Burcau of Entomology?
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INTRODUCTION

In the summer of 1925 the Bureau of Eatomoalo

established a

laboratory in Washington County, Me., under the direction of A. L.
- Quainiance, for the purpose of conductmg an investigation of the
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of the yonrs (ndlcated: Donald L. Colllas, 1924; T, O,

r the summers
ewton, 1927, 1028, | Ross F. Nigrelil, 192}.

D. J. Rudnulst, 1928, 102%; C. W, Laecalllide, jr., 1928; K. B, W’hitten. wzs,H A. Petersonh 720; . X

Golusler, 1929,
Dapartment, of A
Btation. The writers re

which are utilized fn this bullatin,
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cuiture nid of the department of entamology of the Moine Agrieuitural Experimant
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I e

nine Stata

ration of the

of tho Bureau of Chemisley snd Seils, aml it {s profnble that others wers ntade in the insccticlde Iaborutory
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biology and control of the blusberry ma%lgot. A summary of the
results of this investigation, from the establishment of the laboratory
in 1925 until the close of the season of 1929, is presented in this bulle-

THE BLUEBERRY INDUSTRY AND LANDS

In_many respects the blueberry industry of northesstern Maine
stands unique In American agriculture. Ag a commercial develop-
ment, blueberry culture in this section seems to have begun some 50
or 60 years ago. The industry dowly developed as the timberlands
were cleared and ag lumbering decressed in importance. The pro-
duction of blueberries has progressed largely without scientific stud
or direction until recent years, and, as necessitr demanded, methods
were developed which in many instances are peculiar to this crop and
to thig section. Any effort to combat the blueberry magpot effi-
ciently must take into account the conditions under which bﬁe blue-
berries are produced.

TOPOGRAPHY AND GROUND COVER OF THE BLUEBERRY LANDS

. The blueberry lands consist of high, fairly level platean land or of

- moderately sloping to steep hillsides, all of which show the effects of
glaciation. (Pl 1.) The soil is mostly of & sandy nature intermixed
with gravel, and the surface is frequently studded with numerous
bowlders and rock ocutcrops. (Pl 2, A.) On most of the productive
blueberry land there is a surface layer of organic matter from 1 to 3
or more inehes in depth, over the sandy soil.

For the most part the trees have been removed from the blusberry
land. Some of the land still bears old enags here and there, or oc-
casionally scattered trees—relics of the coniferous forests that once
covered the land. These lands are now characterized by a typical
acid-soil vegetation, with such plants as lambkill (Kalmig angustifolia
L.)? bunchberry (Cornus cangdensis L.), bearberry (Arciostaphylos
wva-urst L.),? mountain cranberry (Vaeccinium vitis-wdoee minor) and
other specles, in addition to the blueberries and huckleberries,
Gray birch and alder “sprouts’’ spring up sbundantly on the blueberry
land, and aweetfern (Compionia peregrina (1.) Coulter) often forms
a dense cover. Much labor is required to keep the weed bushes from
overrunning the land and crowding out the biueberries, ',

The blueberries are produced by native plants which have come
onto this land ertirely by natural disseminstion. Two species +
produce the commercial blueberry crop. These are the lowbush
blueberry (Vaccinium angustifolium Ait.),* and the Canada blueberry
(V. canadense Kelm),! often known locally as the low sweet blueberry
and the sourtop blueberry, respectively. As would be expected, &
-number of varieties of blueberries are found in this section, and some
suthorities recognize one or more additional species. The blueberry
plants grow to a height of 6 to 12 inches, On most of the land the
stand of plants ig exceedingly patchy and irregular.

) Flants Identifled by F, V., Coville, Bursun of Plant Indusiry, U. 5. Department of Agriculture,
4 The highbush hineb (V. corpmboaum Alt) cpeurs commonly In Maine along the borders of strpamg
pRA ponds, but the frult of this specles is nat ytllized cammerclally fn this section. o
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S CULTURAL PRACTICES _
. Z'0On.the whole, the blueberry land usually receives little culture.
. Ttis customary to mow the weed bushes on the better land every third
year, during the fall nreceding burning. On some of the land the
g weed bushes are mowed each fall in order to give the blueberry plants
,#" . better opportunity for growth. :

- Every third year an attempt is made to burn over the blueberry
‘land. (Pls. 3 and 4.) This is don# in early spring, after the enow is
-off, but before the frost is out of the ground, and while the plants are

gtill dormant. Favorable conditions for burning usually occur .
‘during April or the first weel in May, By removing the portions
“of the plants above the surface of the soil, burning serves as a pruning
process, stimulating new growth. As the berries are produced on
- growth of the preceding season, there is no crop produced on burned-
.over land during the summer immediately following the burn. The
‘second summer Tollowing the burn marks the production of the first
berries, ‘usually an abundant crop. The second erop is usually less
abundant than the first, although the relative productiveness of the
-two crops varies with the seasons and with the characteristics of the
“Jand. Succeeding crops diminish rapidly if the land remains un-
" burned, and the ﬁmd goon becomes practically nonproductive where
* it iz not burned over. Each landowner attempts to burn about one-
_ third of his blueberry land each spring, so as to have an approxi-

" mately constant area in bearing every season.
_ The facility with which land can be burned varies greatly with the
. . season. Some seasons are favorable for burning, and it is easy to
) " . “burn over the land thoroughly. Other ceasons are unfavorable, and
§_~ * there may be only one or two days during the burning period when the
= 4. Jfire will run well over the land without leaving mumerous skips.
Usually the wild land on the barrens is peorly burned, patches and
" ‘streaks of unburned bushes being left throughout the burned-over
" “area. On the better land, many of the growers spread hay during the
" fall, to insure & thorough burn the next spring. The hay is spread
* uniformly in a thin layer, usually from one-half ton to 1 ton of hay
-=per acre being used.

» o1 4 Most of the blueberries produced in this section are used in the
+ eanning factories. The berries arc picked by means of metal rakes.
., 20(PL 2, B.)  Picking usually does not begin until practically all of the
. -gherries are ripe; then the land is picked clean. The berries are put
¥ " through a hand winnowing machine in the field to remove most of the

i leaves and débris which are gathered with the berries. After this
- -, preliminary cleaning, the berries are placed in half-bushel boxes for
.l transportation to the factory.

HISTORY OF THE BLUEBERRY MAGGOT

‘The blueberry maggot (Rhagoletis pomonella) is apparently a native
insect that has been present in the New England area for many
centuries. Maggots have been observed in blueberries in Washing-
ton County, Me., from the earliest recollections of the oldest inhabi-
tants, During the early years, when blusberries were of little or no

.. commercial value, this insect attracted slight attention. As the
*  blueberry crop increased in commercial importance, the blueberry
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__:'g:imggot_ became more ind more troublesome. In the season of 1924
" “the mituation became actue, and, because of the heavy infestation of

~ . ihe - blueberries, the canning factorien were severely hamipered in

-their operations. - As no method was known for removing the infested
. berries.from the pack, it appeared for a’while that the development
_of the industry would be permanenily retarded.

. The first. published record. of Rhagoletis. ;Eomemella infesting berries
- gppears to have been igsued by Britton (4) ® in 1906 when he reported

. finding this species infesting huckleberries in Connecticut. Smith
- {16) reported the species as pceurring on huckleberries in New Jersey
in 1909. . Woods (12) recorded the occuirence of the species on. blue-

berries in Washjngton County, Me., in 1914, and again discussed

. the insect briefly in a treatise (20) on the blueberry insects in Maine
the following vear. O’Kane {10) recorded the occurrence of the
gpecies on Vaccinium corymbosum in New Hampshire in 1914,
Peteh and Woods (71). in 1922 published the most comprehensive -
stidy of the species as s blueberry pest that has appeared. The
authors discuss briefly the results of four years of observation on the
_ }Izilology and eonirol of the blueberry maggot in Washington County,

o. .

INJURY

The primery injury to the blueberry industry resulting from
blueberry maggots arises from their presence among the canned
berries. The presence of the maggots is probably not injurious to
the health of persons consuming the berries; nevertheless, any such
foreign matter is unsightly in a food product and certainlty lessens its
value as an appetizing delicacy. Regulations issued by the United
Siates Department of Agriculture, under authority of the pure food
laws, declare an excessive number of maggots to be an adulteration
end prohibit the sale of such products in Interstate commerce.

There are other forms of injury caused by the maggot that ere
often overlooked by blueberry producers and canners. It is not
exceptional to find aress in which 10 to 15 per cent of the berries are
infested by maggots. The destruction of berries caused by such-
infestation is not apparent t¢ the growers and is therefore likely to -
be overlooked. Many of the infested berries drop to the ground
before the area is picked, others are erushed in the boxes on the way -
to the factory, and those which remain must be washed out to remove
‘the maggots at the cannery. Loss results from the additional factory
“processes required in removing the maggots, from the shrinkage of
the berrtes as they are processed to remove the maggots, and from
the slowing down of the canning operations during the rush season.

When badly infested berries are picked, large numbers of berries
are very soft and “mushy” {pl. 5, A) as a result of the feeding of the
larger maggots, and many of the soft berries break down en route to
the factory. Upon arrival at the factory, the contents of the boxes
frequently present s most unsightly appearsnce. The berries, wet
wif}l the juice of the crushed fruit, are troublesome to handle, and it
i& difficult to winnow them and fo pick them over by hand, as is
usually done in the factory.

+ Itaile numbers1n parentheses refer to Literature Clted, p. 75,
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Two TYFES OF BLUEBERRY LAND IN WASHINGTON COUNTY, ME.

A, Level kand excellent for dusting Ly girplane or by grownd machloe B, il lpd with scattered
trees, difficult o dust by alrplane.
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Ay Fxevilent bineberey lnad stokled with jugnerous e lders, seietimes difllenit o dust with

grovad smchine: 13, eke used for pheking blueherries 0 cnstern REHT
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BURNING BLLUEBERRY LAND

A, Blaelerey kand mowed and bayed, ready for taeningg 8, bnyod bleeheery Tund [ process of
burning,
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BURNED BLUEBERRY LAND

AL Rlueherey lnnd Tnostedisbedy afler thormazhly brerning: 11, pooely Bormed idueierey nnd, showing
skips whieli Ui fre nmissed,
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. ECONOMIC IMPORTANCE OF BLUEBEBRY-MAGGOT
ST - INFESTATION :

- Plueberry production and eanning have become probably the most
waluable in&gsﬁ'ias in Washington County, and are of considerable
jrportance. throughout the coastal section of eastern Maine. The
total income from blueberries is said to be more than $1,000,000
annually in Washington County, and is an important source of liveli-.
bood for a considerable portion of the pepulation. Anything which
interferes with the industry is likely to cause great economie loss and
is {ustly looked upon with alarm by the geople of this seciion.

the total loss due to m:

+

t is Impossible to estimate accurately t
infestation in this section. In ome factory for which records (’I‘abie 1)
are available, 42.1 per cent of the berries received in 1926 required
processing to remove maggots; in 1927, 57.6 per cent; in 1928, 37.9
per cent; and in 1929, 28.2 per cent of the berries teceived were
processed to remove maggots. This factory received a large propor-
tion of its berries from heavily infested areas, and the percentage of
berries processed for magpot removal is undoubtedly somewhat
higher than the average for the county. It is estimated that during
each year for which records are availeble, from 4.5 to 10.2 per cent
of the totel quantity of berries received by this factory were de-
sfroyed as & result of processing for maggot removal. This is a sub-
stantial loss to the factory, and to this should be added the cost of
processing and the inconvenience caused during the rush season.

TasLe 1.—Records from one blucberry cannery in Woskingion County, Mel

. ] Estimated
'Total ber gir;'f requir- eries TeQUIT- | worpdos requip. b?&?:: adguigg
'::f’;g fng for remov- ¢ msrggggnmﬁd Drocessing for
ing maggota P remoring
muggots

Fo
Bushele Bushels Bushels | cent
17, 418.0 A 3 O3 5 : 1,290, 5 7
17,088.0 ., 3 $25.0 . , 230, A7, LT4n4[ 30
1745 N 4474 37.9 852 3 a
12, 5750 1] 61 4 4

t Date presented in this table are from the cfficinl records of the State Inspector in charge at the fnctory,
and are published through the courtesy of the proprietors.

The blueberry maggot probably occurs in most of the important
. blueberry-producing areas of the United States, and wherever it
occurs this insect constitutes a threat against the development of the

blueberry industry.
' FRUITS INFESTED

The original technical description (18) of Rhagoletis pomonella was
based upon a series of flies, some of which were reared from apple
and others from Crataegus. Since the original description, the
gpecies has been reported as oceurring on a number of other fruits,
including cranberries ({2}, peaches,® pears (18), plums (8), huckle-

i Re]iorted by F. H, Millar in U, ¥, Dept. Agr., Bur. Ent. Insect Post Survay Bul Vol, 8, No.& D, 325,
1928, [MLmecgraphed.]
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berries (Gaylussacia baceata) (4), and on blueberries {Vaccinium penn~
sylvanicutn, V, canadense, V., vacilians (16), and V. corymbosum {10).

During the couzss of the investigations here recorded, R. pomonella
hes beon found infesting many of the common berries indigenous to
eastern Maine. A vomplete list of fruits from whick adults were
reared or which were found infested with maggots at Cherryfield, Me.,
is given below.” : :

Blueberries:
© Vaccintum o tifolium Alt.; {(magpots and sdults),
V. carnadense Kalm; {maggots and adult).
V. corymbosum L.; (maggots and adulis),
Black huckleberry:
Gaylussczm'r;rg’accata {(Wang) C. Koch; {(maggote and adulis).,
‘Bunehberry:
Cornus eanadensiz L.; (maggots and adults).
Chokeberry:
Aronia melanccarpa (Michx.) Britton; (msaggolis).
Monntain cranberry:
Vaceinium vitis-idaca minus Lodd; {maggots).
Dwarf service berry (or sugar pear):
Amelanchier barlramiana (Tausch) Roem.; (mmaggots).
Wintergreen:
Guuitheria procumbens L.; (maggots).

In the above list thore are several plants which may have an impor-
tant relationship to the blueberry-maggot problem:. Huckleberries
grow quite cominonly in association with the blueberries, but usually
are not go abundant as the blueberries. Huckleberries have fre-
quently been observed to be heavily infested with maggots. The
huckleberries are not picked, but remain upon the plants until frost,
and may serve as a reservoir of maggot infestation on areas where
they grow abundanily.

The dwarf service berry, locally known ag sugar pear, is frequently
found on the blueberry land, but is most abundant on lower, poorly
drained soil, rather than on commereial blueberry land.

The bunchberry is frequently abundsnt on commereial biueberry
land. This plant may bear fruit every season, even on the newly
burned land, and the berries are often abundasnt on blueberry land
during the summer immediately following buming. This suggests
that bunchberries may sustain the maggots on the burned-over land
and thus serve to incresse infestation of the new berry crop the second
year after burning.

Wintergreen berries and chokeberries are common on the blueberry
land, but the comparatively slight extent to which these borries have
been found infested indicates that they are not important reservoirs
of infestation by the maggot.

SPECIES INVOLVYED

The origmal technical description of Rhagoletis pomonella was made
by Walsh (18) from six males bred from eastern apples, July 15-23, and
two malos and one female bred from Illinois haws, July 23-28. Singe
the time of the original description in 1867, the species has been shown
te be widespread throughout most of the northeastern United States

T 'The plinis In thls lst, with the axception of mountaln eranberry and wistergreen, wero identified by
F, V. Covilla, The word “maggots™ aftor tho plant pams Indicates that tho frulk was fotnd to be infeated
. b mag}gots that were apparently 1. pomonelia; tho word “adulta™ after the amoe Indicates thnf neuglt

es of B. pomonelia were reared from magpola found in the lult.
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afid eastern Canads, and bas been found to infest s considerable
. numiber of fruits. The Iﬁincipal fruits infested, however, are appls,

_haw, blueberry, and huckleberry. The species was notorious a8 an
apple pest for many years before it was technically reported as
oceurring on huckleberry and blueberry.

IDENTITY OF TRE BLUEBERRY MAGGOT AND THE APPLE MAGGOT

. Adultsof B. pomonella reared from huckleberries and blueberries are
noticeably smaller in size than those reared from apples and haws, but

.
Kl te
)
N TR T bt
RS TR T
Vet e

o ]
EXERRTIIR A
d:hl:“

FravaE 1.—Aduits of Rhagofelis pomonselin (with wings cnf oﬂ;): A, Blueberry forrn; B, apple form;
showing the great similarity of structurs and &iflerence ln glze, M 3%

no definite structursl charscteristics have been reported to differen-
tinte the specimens reared from the two types of fruits. (Fig. 1.)
Several interesting and important questions continually arse. Is
the form of RB. pomonella infesting apples and haws specifically identical
with the form infesting huckleberries and blueberries? If the two
forms are not identical, how mey they be separated? If the forms
from the several fruits are specifically identical, which is the criginal
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host, and ia there continual and free interchange of the insect bstween -
?hﬁ .hosts? ..These-_quessiong are c¢ongdered m the discussion thet
0 ows. o STRUCTURAL CHABACTERISTICS o .
‘Several closely related species i the génug Rhagoletis have been
separated upon the basis of very slight structural 'differences.
Specimens of R‘.Jﬁommﬂq reered from apple and from blueberry were
therefore carefully examined, and painstakingly compared, detail

~with detail, to- discover, if possible, even tho slightest structural
“differences. The resemblance between individuals of the two forms is
.- remarkeble, and no- structural characteristics whatever could be

. discerned by which the forms might be separated.

Fraure 2—Wlogs of Rhageletis pomonello: A, Wing from blualorry forms; 33, wing from epple for
showlng relative size nnd structure. X 35

MEASUREMENTS

The blueberry form of R. pomonella is smaller than the apple
form, in every stage, although no morphological differences have been
observed. Mensurements were made of several structures in an

- attempt to determine whether or not variations in proportions could
be detected. Measurements of the length and diameter of & lerge
series of puparie from the two forms showed no signifieant difference
in the proportions of the respective forms. (Pl. 6.} Mensurementis of
the ratio between the width of head and the length and width of wing

" of adult females showed a slight difference, which, upon statistical
- anslysis, barely fails to be signtficant. (Fig. 2.} It is interesting to
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IMJURY CAUSED BY BLUEBERRY MAGGOT

A, Tfiestodd Dlebwersjies, siiow e the 1 alsbol sl ar e sk of i beries by e negments. Kot
tiie vollagee of tiee berre = i Hlue Lsd ~fages of anf statim; 33 o pasetume Tine skt of g Dlnne-
berry. Alugiitlel 20 tinws,
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PUPARIA OF RHAGOLETIS POMOMELLA
Ay Fram apples; B, [rmn Bluelwervivs; €, fronn baws,

EEY
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E note that in each series of measurements the two forms of the insect
were quite distinet in size, with very little overlapping.

I\_OOMP'ARA'I:‘IVE DISTRIBITION OF Ilh!!}f(}ﬁl:)?l‘m MAGGOT AND THE BLUEBEERY

The known distribution of the apple m t i3 discussed in detail by
Porter (18). The principal area of infestation extends from the
western borders of the Dakotas eastward to the Atlantic Ocean, and
from Nova Scotia south-
ward to New Jersey and
Penngylvania. The e
of the insect extends

" southward along the Alle-

%henyMomtmsthough

irginia into the Caro-
linas and Georgia.

The apple maggot iszel-
dom a serious pest in Vir-
ginis, but samples of
huekleberries from
Blacksburg® showed se-
vere infestation by mag-

ots apparently similar to

. pomonella.

North Carolina the
apple maggot has been
recorded (7) but iz evi-
dently rare. In South
Carolina  the insect is
practically unknown as an
applepest. Huckleberries
collected in the moun-
taing of QOconee Couniy,?
5. C., showed a moderate
infestation by maggots,
and huckleberries from
Orangeburg County® 8. | sl
C., yielded a few mag- ~ X > 7

ts apparently similar o Fiovre 3.—Emergence of blueherry-maggot flies 15 compared
. POmONe aa with theemergence of apple-maggot files, Cherryfield, Ma,, 1627

§

[:
L

4
3

PERCENTHCE OF :gw:m ExERGEMIE
3

!
3

n Iowa huckleberries are uncommon, but the apple maggot is
gometimes a serious pest.

In South Dakota huckleberries are rare, but the apple magpot is
widespread (14), although not usually s serious pest.

COMPARISON OF HABITS

The blueberry maggot and the apple maggot are apparently very
similar in habitas. Bﬁatch and Woogs (11} culled attention to the
more sluggish habits of the adults of the apple form.

! Bpecimens of [afested hueklobarries wera obiained from Bleeksburg, Va., through the cooperntion of
'W. J. Schoene; from Clsmson Caollege, B, C., from J. A, Berly: nod from Omngahurss County, 8, 0., frum
Felix 8huler, Jr. Thauoks are also dus H, E. hodgkisa pnd Tom A, Brindley (or samples of Infested huckte-
berries from Yennsylvania and Wisconsin, respectivaly,
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In order to study the comparative emergence periods of the two
forms, two plots were marked off, about 10 feet apart, under condi-
tions apparently similar. During the seascn of 1926 1 bushel of
heavily infested blueberries were placed on one plot; on the other
plot were placed 2 buiels of badly infested Yellow Transpsrent
apples. Records of the adults emerging from the two plots during
the season of 1927 indicate that the apple-maggot flies emerged about
seven days later than the blueberry flies in the near-by cage.

he ege of the-blueberrj- maggot resembles the apple-maggot egg
in every way except in size. There is one noticesble difference,
however, in the manner of oviposition. The eggs from Yellow
Transparent apples were found kying in the flesh of the appie approx-
imately their full length distant from the puncture in the skin of th>
fruit. The eggs are easily removed from the flesh of the apple with-
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FIGURE 4.—A, Claspers of mals Rhagalefis pomoneiia from blueberry; B, clasperd of R. pomsnelia
trorz apple; O, elaspers of K. sgmphoricerpi from snowberry; showing relative strictures and sizes,
%, Ventral view; b, meso-Interal view,c and d, from intermediato angles; e, tip of hooklet from
blueberry form more highly msg'ni[ie&.

out injury. The blueberry-maggot eggs are placed directly beneath
the skan of the berry. The outer tip of the egg is apparently attached
to the skin of the berry, and the body of the egg usually adheres so
strongly to the surrounding berry pulp that it is exceedingly difficult
to separate the czg from the berry tissue without rupturing the e%F.

The habits of the larvae in apple and in blueberry appeer similar
in every way. The process of pupation likewise seems identical in
the two forms.

RELATED SPECIES

There sre several very closely related species, separated from
B. pomonella by very slight structural differences. (Fig. 4.) K.
symg:horicarpi urran infests the snowberry on the Pacific coast; R.
zephyric and R. tabellarie Fiteh attack the pative blueberries and
whortleberries on the Pacific coast, and are separated from B. pomo-
nella by only slight structural differences. Adults of K. symghoricarpi
have been found in apple trees in British Columbia, where this species
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wes for & while mistaken for B. pomonelle. However, the species on
the Pacific coast have never been observed to infest apples, and the
apple maggot is not known in that section.

TRANSFER OF MAGGOTS FROM ONE FRUET TO ANOTHER

Unfortunately it is difficult to rear B. pomonella in captivity be-
cause of the abnormal behavior of the flies in confinement, and 1t bas
not been determined whether the blueberry form will oviposit on
apple, or whether the apple form will oviposit in blueberry. As s
substitute for such cross-rearing, & number of maggots, in the early
steges, were removed from blueberries and laceg in apples, and a
number were removed from apples and placeg in blueberiies. Prob-
ably because of injuries incurred during the manipulation, the death
rate was high among the transferred maggots. The maggots from
blueberries seemed to thrive on apples when ripe fruit was provided.
The apple maggots completely ‘fevoured the contents of the blue-
berries, and it was usually necessary to supply additional berries for
the maturing of the maggots.

First-instar blueberry maggots transferred to apple successfully
matured snd formed puparia, %mt no adults were obtained. Second-
instar blueberry maggots formed puparia, and one adult was obtained.
-The puparia and the adult were normal in size for the blueberry form.

Puparia were obtained from apple maggots which were transferred
in the second instar to blueberries. No adults were cbtained. The
puparia were normal in size for the apple maggot.

PROBABLE RELATIONSEIPS

Evidently E. pomonelle is a species native to the northeastern
portion of the United States, where it undoubtedly infested the
fruits of haws and blueberries and huckleberries before the introduc-
tion of apples by the white setilers.

All stages of the species from haws and apples are larger than
corresponding stages from huckleberries and blueberries. There is
ne apparent difference in size between the forms from apple and
those from haws.

That R. pomonelle may exist upon apple independently of the blue-
berry, or vice verss, is suggested by the fact that the apple maggot is
widespread and may be a serious pest in sections where huckleberries
and blueberries are uncommon; and huckleberries may be infested
where the apple maggot is practically unknown.

It seems probable that the infestation of apples originated from
haws rather than from blueberries or huckleberries.

The form infesting haws and the form infesting blueberries un-
doubtedly had a common phylogenetic origin, but there seems to
be no evidence to indicate thot there is now a common transfer of
infestation from one host to the other. That such transfer may not

_take place commonly is suggested by the fact that the species K.
symphoricarpt and ﬁ zephyria, inhabiting the Pacific coast, are
closely related to R. pomonelle and must have had a common an-
cestry, but the Pacific coast forms have never been observed to
attack apple.

Probe f} the blueberry maggot and the apple maggot constitute
an example of incipient species formation. Just how far the differ-
cntiation has progressed has not been determined. The fect that the
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adults of the two forms show al.itghhb differences in the pr\o?ortions of
certam structures sugpgests that the separation of the two forms may
have progressed to the verge of specific integrity.

SUMMARY OF LIFE-HISTORY STUDIES

., In general the seasonal cycle (fig. 5) of the blueberry magpot is
similar to that published in sccounts of the :;Yple maggot. The blue-
berry msggot spends the winter in the pupal stage in the upper few
inches of the soil. The first flies emerge coincidentally with the
ripening of the very first of the blueberries, sbout July 1 in APProxi-
mately normal seasons, and the month of July marks the normal
period of emergence of the adults in Washington County, Me. FEmer-
gence proceeds rapidly during two or three weeks of mid-July, the
great bulk of the flies emerging during that period. By August 1

LELEREOOES I L FIEST SEPOIES  BULK OF ESPDIES LD KNG SECST, SERSOR £ROS
JIGVT RART SNE 78 | RIEE REWT WY KGN SE00NE DI H RO RIS LR5T W 3 S I ENAs
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FiooRE S~~Bummary of the ke history of the blueberry maggot, Cherryfield, Mo,

from 97 to 99 per cent of the flies have emerged. A few flies may
emerge in Augnst and early September.

The flies increase rapidly in numbers on the blueberry land as
emergence progresses, and are present in maximum abundance sbout
the last week of July. After this time emergence practicslly ceases,
mortality is high, and the abundance of flies in the field declines
almost as rapidly as it rose earlier in the sesson. By mid-August
flies are scarce in the field. Adults may be observed in decressing
numbers, however, until killing frost oceurs in late September or
early October.

Oviposition begins toward the end of the second week of July, and
eggs occur in greatest numbers during the last week in July and the
firat week in August.

Maggota begin to appear in the berries during the last two weeks of
July, They increase rapidly in numbers, and reach the period of
greatest abundance during mid-August—just after commercial berry
- picking gets well under way,
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APPARATUS FOR CONCENTRATING PUPAE

Ay Wire frame wsed for habding shoaat 1 Darhed of Bloeburpies ooer o prapabion jelog; 38, aueitipie
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PLATE 8

EMERGENCE CAGES

A, Emergence cage in pesition nver a rupnlinn plol: 13, eYerimentnl

ot near Cherryfield, Me.,
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During the second. week of August the maggots begin to leave the
berries and enter the scil to pupate for the winter. From about mid-
August until mid-September the decline of maggots in the berries is
rapid. By late September the numbers of maggots in the berries are
greatly reduced, and the great bulk of the maggots are usually safe in
their winter quarters benenth the soil befors klling frosts occur.

DIFFICULTIES ENCOUNTERED IN STUDIES OF LIFE CYCLES

When the work with the blueberry maggot was undertaken it soon
became apparent that the sume difiiculties would be encountered in
attempting life-history studies with the blueberry form of E. pomonelle
as had been experienced by other workers studying the species as an
apple pest. TFor this reason no very serious attempt was made to rear
the species in captivity, and the hife-history work was accomplished
by the use of more or less indirect methods, based largely upon carefy:l
field observetions. From the field records, life-history charts wero
constructed, somewhat in accordance with the method used by
Barber (). The fact that the blueberry maggot is single broeded in
this section facilitated this procedure and rendered 1t possible to
secure a sufficiently detailed account of the life cycle without employ-
ing the rearing methods so frequently used in similar studies with
other insects.

Even in field studies, B. pomenelle is a difficult species with which
to work. The flies are shy and iuconspicuous, rendering difficult an
exact determination of infestation by observation of adults in the
field. The eggs are so extremely hard to find that it is practieally
impossible {o make a satisfactory determination of the number present
by direct count. The maggots, in their enrlier stages, are hkewise
difficult to find, and infestation is apparent by external examination
of the berries only after the maggo ts]im.ve reached an advanced stage.
The puparia are formed beneath the surface of the soil, and while the
total number per acfe may be large, the number of puparia to be
found under natural conditions on any area small enough to be exam-
ined closely is exceedingly small. These difficulties explain the neces-
gity for the use of indirect methods in undertaking a study of the life
history of the blueberry maggot.

EMERGENCE OF ADULTS
METHODS EMPLOYED IN STUDY, AND EMERGENCE RECORDS

During the summer of 1925 preparations were made for obtaining
dats on the emergence of adults during the next season. Twenty-
three rectangular plots, each 4 by 5 feet in size, were laid ouf, on typical
blueberry land. During the late summer and early fall, approximately
1 bushel of heavily infested berries wag placed on each plot. On 9
plots the berries were placed directly on the soil; oz each, of the other
14 plots the berries were placed on & wire-screen frame the size of the
plot (pl. 7, A) and held by stakes at a height of 12 fo 18 inches above
the ground. The berries on the plots were not disturbed until freezing
weather had occurred, when the screen frames were removed. Dur-
ing the season of 1926 an emergence cage (pl. 8 and fig. 6) was placed
over each plot, and daily records were made of the number of flies
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emerging. By this method large numbers of flies were secured, giving
adequate recerds of emergence.

In the spring of 1926 an attempt was also made to check up on the
emergence of ilies in the emergence cages by placing several large
cages, each 10 feet square, upon areas of heavily infested blueberry
Iand, where it was hoped to secure records of flies emerging from undis-
turbed soil under more natural conditions. However, so few flies were
found in these large cages that the records are of no value.

The results secured in 1926 from the studies of emergence from the

4 by 5 foot plots were so satisfactory that a similar series of pupation
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Figunr 6. —Details of construction of emergence cage used lo studylnﬁ the bineberry maggot in
Washiogton County, Me. The foundatlon was set securely in Lhe soll, and the cagn waos
fastened to the foundation by weans of wires loaped through screw eyes

plots was employed each succeeding year. As would be expected,
the numbers of flies emerging from the different plots varied consider-
ably. A study of the records seemed to indiente that better results
were secured gy placing the berries on the wire screens rather than
directly on the ground, and during the last two years of these investi-
-gations the Intter method was used exclusively on the pupation plots.
Beginning st 8 a. m., the flies were removed {rom the cg es daily
(with few exceptions) throughout the emergence period. e num-
bers of flies appearing in the cages, during the peak of the emergence
geason, were frequently large. In some instances 100 or more flies
were removed from a single cage in one day. The largest number of
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files removed from one cage in a single day oceurred when 793 flies
were removed from cage B on July 9, 1927. The next day 657 flies
were removed from this same cage. With such numbers emerging,
the removal of the flies from the cages presented s problem, and the
work of removing the flies was often not completed until noon. This
probably introduced some degree of error into the records, but the
flies were removed from the cages in the same order each day, which
reduced the error to & minimum.

In removing the flies, the wire screen cover was removed from the
top of the cmergence cage and s sinall metal cage (pl. 8, A) was put in
place. A black tent was then thrown nver the emergence cage, dark-
ening the interizr, but leaving the small metal cage at the top exposed
to light. After 15 to 20 minutes the flies were usually congregated in
the small cage, where they were attracied by the light. A metal slide
was placed In the botiom of the small metal cage, which could then
be removed from the emergence cage without danger of flies escaping.
In some cases, especially when the numbers emerging were very large,
gome of the fiies were slow in moving into the small metal cage, and it
was often necessary to place the small cage in position & second
time. By using considerable care, it was found possible to remove
practically all of the flies from the cages even during periods of greatest
emergence, and the error caused by flies remaining in the emergence
cages must be quite amall.

uring the seasons of 1926 and 1927 the flies were removed alive
from the smal] cages. This was quite a laborious process and con-
sumed much time when emergence was heavy. It also increased the
difficulty of determining the sex of the flies. During the season of
1928, and again in 1929, each small cage containing flies from an
emergence cage was pleced in a fumigation box containing a heavy
charge of caleium cyanide. (Pl 9, B.) The flies were killed by the
gas very quickly, after which it was a simple matter to make the
desired counts. The number of emergence cages operated and the
number of flies obtained each season are shown in Table 2.

TapLeE 2.—Number of cages operated and number of flies obiained, Washinglon
County, Me., 1986-1929

Coges Fllea
Year chtained

h117; 3,442
i
[}
323

40,435

The most striking characteristic of the emergence of the blueberry
fliss in eastern Mains is the short time during which so large a per-
centage of the flies emerge. The first emergence normalifr oceurs

during the last few days of June or the first week of J Tke
earliest date upon which a fly was noticed in the cages was mn 1927,
when one fly was observed on June 20. Emergence begins to in-
crease decidedly during the first 10 deys of July, after which it
becomes very rapid. The peak of emer%ence is reached during the
middle of the month, and by the firat of August from 97 to 99 per
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céns of the flies had emerged, dwring each yoar in which sbservations
-were made. After August 1, & few flies continue to emerge until
late in the season. The emergence records for the four years covered
by the studies are summarized in Tsbls 3.

TapLE 3.——Cm;pan‘son of emergence records of fifes af the blueberry maggot,
’ Washington County, Me., 1928-1929

. Dates upon which the nceamulated smergance of Sies hnd reschod the
Dgzts&tOf speclfled percentages of the total emergance

emer-
gonch

10 per cent | 25 per cent | 50 par cent | 75 per cent | 00 por eont | 95 per cent

1% e July 13____| July 18-14_! Iniy 1718, Jaly 21_.__| July 24-25| Jniy 2-27.

- July B-8._ | July 11 0] Juby 1. 7 July 2021 | July 24-25.
Juiy, 010, | July 11-32. Tniy 15, Ty 17, __d July 23, __
Juiy 7-8__. July 10-13_| July 12033 July 15-18. Ju!ym....,l &

3
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LE [ P AT FEEEFEALEER
Fravung 7—Aceumulniiveemergencsof bineborry-maggoi Mlas, Cherryfield, e, 1026,1027, 1628, 1029

!

The variation in emergence detes from one season to the next
has proved ito be much less than was expacted. This close uni-
formity is shown graphically in Figure 7. Tha curves plotted on
this chert show that the extreme differences in emergence during
the four years of this study are & matter of only a few days, This
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- dgrees-with Brittain’s (2) observations on the emergance of the apple
maggot in Nova Seotia. In commenting upon the emergence of the
flies he states: “It is evident that whatever the difference in the -
early spring—whether tiie season is early or late—the time of emer-
gence of the apple maggot is approximately the same.” B
~_If they are found to hold trne during a large percentage of seasons,
this apperent constancy of the dutes of emergerice and the shortness
of the emergence partod will be of great importance from the stand-
point of control. The fact that the flies emerge 56 nearly in accord-
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Ficure 8—Effectoftire Ofprlg;l‘l.lgn upon emergenes of bluebarry flles, Cherry-
fleld, Me., 1827, Flies eme £ in cage A wete from papae formed by larvae
eatering tho soll betwesn Augnst 24 and Septemier 14, 1926; those 1o
were {rom pupae formed by lsrvne entering between September 10 and
Ocetoher 20, 1925

ence with calendar dates greatly facilitates the timing of the schedule
of dust applications for combating the insect, and the short duration
of the emergence period reduces to & minimum the number of dust

spplications necessary for effective control. :

EFFECT OF TIME OF PUPATION UPON EMERGENCE OF ADULTS

In the fall of 1926 a device (pl. 7, B} was constructed which per-
mitted placing a large quantity of heavily infested blusberries over
a single pupation plot. This device with 4 bushels of blusberries

74544°--32—2
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wag_ placed on plot A on August 24, 1926, On September 10 the
apperatus with the bluebertries was moved io plot B, where it was
aﬁowed_ to stay until October 20. Plot A therefore confained a
largs number of pupae, the larvee of which had entered the soil
between August 24 and September 10. Plot B contained pupas
formed by larvae which entered the soil between September 10 and
October 20. During the season of 1927 a total of 3,937 flies emerged
from plot A and 4,674 from plot B. The emergeace records from
the two plots during the season of 1927 are summarized in Table 4.
Contrary to expectation, the emergence from plot B was from two
to four deys earlier than the smergence from plot A. The emer-
gence from these two plots is illustrated graphically in Figure 8.

Tapre 4.—Effect of time of pupation upon date of emergence of adults, Washinglon
. County, Me., 1987

Dates upon which the nccumulstede mergencs of Slas had rezched the
Date of speciied percentages of the total smergence Dateof
frst last

BMAL~ GIET-

genca ztc)ag%r 25 per eent | 50 per cont | 75 per cent | 90 per cont | 95 per cent | EOHCE

July 6...| Fuly 31~12.] Fuly 13-14.{ July 15-18.{ July 18-16.| July 20-21.
July b..-| Jaly 8-6.._| Tuly 3011 July 13-14.| July 18-17_} Fuly 18-19.

PRCPORTION OF TEE SEXES

During the seasons of 1928 and 1929 a careful record was kept of
the sex of all flies removed from the emergence cages, except for an
Insignificently small number which escaped observation. The
records for the two seasons are summarized in Table 5. It is prob-
able that on an aversge the proportion of males to females is about
equal. The emergence from all cages in 1928 was 45.44 per cent
female; in 1929 it was 56.53 per cent female. The flies emerging
during the second and subsequent seasons showed about the same
ratio of males to females as did the flies issuing during the first season
- after pupation. The sexes were about equal in the emergence cages,
but in the fleld usually the males were observed to outnumber the
females. Caeser and Ross {6), working with the epple magpgot,
found an excess of femmales in the emergence cages, while in the
orchard more males than femsles were observed.

TanLe 5~-Proportion of sezes of blusberry fiies emerging from all cages observed
during 1828 and 1989 :

Emergence during 1928 Eimnergenco during 1629

Ye.gr of pupstion TPorcont. Percent-

Nnjes | Femnles ago of Famgles | Total apa of
femmnles femsgles

am 1,489 2,943
47, 78 a1 120
43. 28 67 I24
51,67 3 6

145 44 L& 3,202
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- “EMERGENCE DURING THE SECOND, THIRD, AND FOURTH SUMMERS
: : AFTER PUPATION

A number of workers reporting upon the biolegy of the apple
maggot have recorded the fact that a certain percentage of the pupae .
will remain quiescent in the soil until the second summer sfter pu-
pation, when the sdults emerge. In order to obtain informstion
m%arding the extent to which the blueberry form of this insect may
delay emergence to the second and subsequent seasons after pupation,
emergence cages wore placed on several of the plots during successive
. BOASONS, '

Bach spring, before the cages were placed on. any of the emergence
plots, the biueberry blossoms were carefully removed from each plot,
8o that no fruit was produced in the cage during the emergence
period. The cages were exemined once or twice, subsequently, for
berries, to make sure that the removal had been complete. This
prevented the possibility of maggots developing within the emergence
cages. In the routine of removing the flies from the cages, the berries
were trampled from the bushes swrrounding the cages, and the soil
was packed hard for a distence of 4 to 6 feet about each cage. It
seems exceedingly unlikely thet any maggots migrated into the
cages from the cutside.

The first pupation plots were established in 1925, and emergence
records were ‘meaintained on four of the plots. During each of the
four seasons after the plots were established, flies in diminishing
numbers were observed to emerge. Eight pupation plots established
in 1926 were observed for emergence during 1927, 1928, and 1929;
and two plots established in 1927 were observed during 1328 and
1929. The data obtained from these plots are summarized in Tables
6, 7, and 8. “Second season’ flies issuing dwring 1927, 1928, end
1929 represented 19.68 per cenf, 7.11 per cent, and 11.97 per cent,
respoctively, of the emergence during the first seasor.

TABLE 8.—Summary of the records of emergence of flies during four years in four
cages covering pupae formed in 1925

Peresntsge
Emsrgence| of 1928
QIIeIFOnCe

1,113 |
219
60

[

1,308

TaBLe 7T.—Summary of the records of emergence of flies during three years in eighl
cages covering pupae formed in 1926

Percontoge
Emerganca} of 1927
SIMEIZONCO
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Tasre 8.~Summary of the records of emergence of flies during fwo years in iwo
cages covering pupge Jormed in 1527

Emcrgence

Percentage of 1928 emergence

Femato

1
Total Male | Femsgle { Totnl

1528 507
1928, - 83 8L

1,0:8
120

Total 639 568

1,207

The capacity of the species to carry over in the soil for two or
nore seasons has an important bearing upon the blueberry-maggot
problem. The ability to lis dormant in the soil during the summer
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FIGURE $.—Comparative dates of amergence (during 1828) of
fies which had blbernated one winter snd thiose which bad
bibernated two winters, Curve of emergence fron. piipae
formed In 1926 is based upon records of 1,488 flies; curve of
emergence from pupes formed Iz 1827 is based upon records
of 1,113 fllas

following burning of the
blueberry land, snd to
cmerge in time for the
first blueberry crop, un-
doubtedly hagtens the
reinfestation of the new
crop of berries after
burning. Wereit not for
this factor, burning the
blueberry land would
probably be much more
effective in reducing in-
festation by the maggot
than has proved to be the
¢ase.

TIME OF EMERGENCE OF
CARRY-OVER FLIES-

The flies emerging from
land besring the first crop
of berries following a
burn consist almost en-
tirely of individuals
which havecarried overin
the soil for two winters.
It is therefore impor-
tant to know if the emer-
gence of the carry-over
flies coincides with the
emergence of flics which
Lave hibernated only one
winter.

During only one season
were carry-over flies
secured in sufficient num-

bers 1o give a reliable indication of the dates of emergence. Dur-
inﬁ 1628 1,466 flies emerged from pupae which had formed in the
‘soll in 1926. The emergence curve of the carry-over flies, as com-
pared with the regular emergence of 1928, is shown in Figure 9.
The carry-over flies emerged about four to six days later than the
flies which had spent only one winter in the soil.
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EMERGENCE OF FLIES DURING A 24-HOUR PERIOD

Porter (18) found thet the ap({)le-maggot flies emerged mostly
during the daylight hours. In order to determine the fime of day
that the blueberry flies appesr, observations were made on two cages
at Cherryfield, during a period of 24 hours. At 5 p. m., and again at
g p. m., July 16, 1929, all the flies were cerefully removed from the
two cages. At 3 o’clock the next morning the flies which had emerged
during the night were collected, and the cages were ren.oved from
their foundations. Constant watch was maintained, and the flies
were captured as soon as they emerged from the soll. The records
obtained are shown in Table 9. The heaviest emergence occurred
between 7 and 10 a. m. Emergence was less in the afternoon, and
only one fly emerged between 9 p. m. an 3 a. m.

FioUuRe 10.—Qlass-front box for observing blueberry flies durlng
process of emetging through sand

TabLk 9.—Emergence of flies in fwo cages during a period of 24 hours

Numtor of flies smerged Number of fies amerged

Malea [Femnales| Total Males | Famales| Total

10to 11
1L o 12 noo
12tolp.m
1to2......
to ...
4
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DETAILED OBSERVATIONS ON EMERGENCE

When the fly is ready to emerge, the anterior end of the puparium is
burst along the sutural lines. When the insect creeps out of the
puparium, the wings are not expanded, and the integument of the
body is soft and nonpigmented. For the purpose of observing the
procesg of emerging, 1 glass-front observation box (fig. 10) was con-
structed, in which pupariz were buried at depths varying from 1 to 4
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inches. Theinsects appeared to haveno difficultyin emerging through
sand or peaty loam from a depth of 4 inches.

A number of flies wera observed during the journey upward through
the soil. The trails of several flies are shown mn Figure 11,
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Frovnk H.—Routes taken by blusberry fHes ememin:i through sand, The arrows indieate the dirse.
tloo of the light

The rate at which the flies moved through the sand varied consider-
ably with different individuals. In one instance, in which the fly
moved almost steadily upward in a straight line fre:n a depth of 4
inches, the insect was observed to climb upward 3 inches in 14 min-
utes. Another individual, ascending from the same depth, was ob-

served to occupy 70 minutes in moving upward 3
inches.

During the process of emerging, the flies work
their way through the soil by elongating and con-
tracting the bog . The bladderlike ptilinum is
almost continually expanded and contracted.
(Fig. 12.) When deflated, this structure seems
capable of a slight Iateral movement. The funec-
tion of the ptilinum seems to be to clear a way for
the insect, but actual progress is apparently made
mostly by the body movements. Probably the
bristles of the therax and abdomen are impor-
tant in helping the insect upward. The legs are

Figvae 12—, Emengny CM4TiEd iN & passive posture, extending along the
Blusberry gy’ with ntiit. ventral surface of the abdomen, and they appear

Seof piliaum i aiel: to take little or mo part in propelling the inseet,

ent stng(wlfsl o3 ofinlle- except to prevent a backward movement.

o The path of the insect is often tortuous. Prog-
ress is, of course, in o generally upward direction, but the movement
is &t times horizontal, or even downward for short distances.

The emerging fly seems to be activated meinly by the stimulus of
negative geotropism. However, the insect seems to show also 2 posi-
tive phototropism, and the course of an ascending fly may be modified
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by moving the observation box so that the light falls first from one
gide, then from the other. (Fig. 11.) ) .

‘When the fly reaches the surface of the soil, it can erawl rapidly,
but is unable to fly because the wings are not yet expanded. The
following records were made of two flies which were observed in the
laboratory.

FlyNo. 1 Tana 5, 1928
10.26 a. m. Emerged from the soil.
11.08 Appareatly fully expanded but not hardened.
1128 Insect not yet fully colored. Did not fly when disturbed, bug
moved to another leaf.
11.44 Not yet fully colored. Wings whitish and pot iransprrent; veins
not: colored. :
11.56 Color seems to be increasing more rapidly.
12.08 p, m, Inssct nearly fully colored.
12.45 Insect fully colored. Flew to window.
Fly No. 2 Tune 9, 1028
9.16 8. m. Emerged from the soil.
9.36 Wings elongated nearly full length, stiil shranken at the apex.
9.46 Wings fully expanded.
9,52 Wings becoming transparent. Body still lacks eclor.
10.50 Fly fully colored, capable of flight.

HABITS OF THE ADULTS

The behavior of the flies in the field mey be siudied only by careful
observation. The adult is shy and restless; it appears suspicious of all
othar creatures, and any moving body attracts immediate attention.
The fly orients itself to {nce any moving object and can be induced to
execute & turn by siowly moving the hand in a circle with the fly at
the center.

The flies have never been observed in great numbers in the field.
Their *“svspicious” nature seems to induce them te lead a solitary
existence. Only during periods of copulation have two individuals
been observed together. At other times each fly remains by itself and
seems constantly on gusrd to avoid all other moving ereatures.

The flies move by short, quick darts from leaf to leaf or from one
plant to another, and have seldom been observed to make a nonstop
flight of more than a few inches. On this point there is some room for
uneertainty, however, for the fly is so quick in action and so swift in
flicht that it vanishes the instant it takes wing. Upon slighting, the
ingect suddenly reappears. As Patch and Woods (11) so aptly state:
“The adults suddenly appear on the berries seemingly as if they had
just sprung into existence * * *”

In captivity the flies do not resct normally, and it seems that ob-
servation of the flies confined in cages has little value ag an index to
their behavior in the field.

The blueberry fly feeds in & mauner similar to the house fly. In
the field the flies may be observed frequently lapping moisture or
particles from the blueberty foliage, If approached with due caution,
the fly may be induced to feed upon a finger moistened with salive
or with the juice of a crushed blueberry. W%Lile feeding upon & finger,
the fly seems to lose much of its shyness, and will usually remain for
& minute or two, during which time it may be observed closely.

The feeding habit of the fly ia of course important from the stand-
pointof control, for in promiscuously feeding over the surface of loliege
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dusted with calcium arsenate the fly is likely to consume 2 fatal quan-
tity of the arsenic.

o flies seem inclined to frequent clumps of sweet fern, especially
about the bases of birch or alder sprouts on the blueberry land. The
effoct of this habit is reflected in a higher average infestation of the
berries growing in such locations, as compared with that of berries
from open spaces on the blueberry land. The difference in infestation
of berries from open spaces and from bushy areas is shown iz Table 10,

TasLr 10-—Difference in infestation of berries from bushy aress and frem open
spaces, 15987

Maggots 300 Maggots per 190
berrieg—ar Bﬁrﬂm—

Insam- | In sam- In som-
ples from pleg from
bushy apen
areas spaces

S 2.43
8. .35

258

LONGEVITY AND OCCURRENCE OF FLIES IN THE FIELD
METHODS OF STUDY AND FIELD COUNTS

To ascertain the seasonal fluctustions of the fly population in the
field, a method was devised which appears to have given fairly satis-
factory results. Five light counting frames were constructed (pl.
10, A), each of which inclosed an area of approximstely one ten-
thousandth of an acre, for making quantitetive determinations of the
flies in the field. In the summer of 1927 observations were made on

lot No. 2. Ten counting aress, each 100 feet square, were laid off
in the check area of this plot, end 10 in the treated ares (for details of
freatment applied see pll,ot 2, Table 23). Five men experienced in
observing the flies in the fleld were employed in making the counts,
Each man was equipped with a counting irame, and, preparatory to
meking an observation, each selected within the first counting area
8 place which looked especially favorable for finding flies. It seemed
desirable in each case to select places especially favorable for the
flies. By so doing, larger numbers of flies were observed. Since the
~observers were more likely to overlook flies than to report more flies
than were actually present, it was thought that counts made in
especially favorable spots would give & more accurate estimate of the
fly population than similer counts made in supposedly average
locations. As soon as each man had set down his counting frame in a
location suitable for counting, a signal was given, and for & period of
two minutes the ares included within the counting frame was studied
intently in n search for flies. At the expiration of two minutes
another signal was given, and the number of flies found in that area
was recorded. Whenever it was possible to do so, the sex of the flies
was noted.  After some experience, observers could ususlly determine
the sex of the flies, but this was not always the case, and the counts
obtained are not strictly accurate inn this respect.
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~As soon as the nuruber of flies had been recorded, the frame was
picked up, moved to another location in the same count area, and at
the signal the second area included within the limits of the counting
frame was searched for flies for a period of two minutes. After the
results of the second count on the first srea had been recorded, the
men moved to the second 100-foot square, where the process was
repeated; two counts being made by each man in each of the count
areas. When counts had been made in all of the areas, a total of 100
counts had been secured from the check plot and 100 for the dusted
plot. As the ares of each count was one ten-thousandth of an acre,
a total area of one one-hundredth of an acre had been examined in
the check plot and an equal area in the treated plot when all of the
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Fiourg 13.—Fieid plot laid off for blalegical stadies of the hluaberty m t, Cherryflald, Me., 1620,
I te XX, nreas fn which Oy counts were made; 1 to 100, plots from which samples of berrles wern

tatren for studfes of meggot populstion; the xmal! black squares indleate 40 areas upon which the
percantage of ripw berrles woa determined thraoughout the sauson

counts were compleied. Hence the total number of flies found on
the check plot or on the treated plot multiplied by 100 represented
the number of flies present per acre.

Similar counts were made in the check ares and in the treated aree
of plot 1 G during the season of 1928 (for details of treatment applied
see plot 1 G, Table 28). During the summer of 1929 similar observa-
tions were made on the check area of this same plot, but counts were
not made in the treated area during that season. Twenty count
areas, each 50 by 100 feet in size, were laid off. (Fig. 13.) This
pave a total of 200 counts on untreated land, and increased the
accuracy of the counts made on this arca, o .

The results of these counts for the three years are indicated in
Tables 11, 12, and 13. The counts made on plot 2 in 1927 were made
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on land bearing the second crop of berries after burning. The counts
made on plot 1 G in 1928 were on land bearing the first crop of berries
after the land was burned over, and the counts made on this same
ares in 1929 were on land bezring the second crop after burning.

TaBLE 11.—Numbers of flies per acre as shown by field counts on plet 2! 1987

Estimated ouraber of
files per acra

Treated
Check plot plot

7,400

]

100

i For dats concernlng applications of caleium arsenate on this plot see Table 23,
t Op July 28, 50 counts were mada on the oheck plot and 56 on the treated plot; 100 counts wera made on
the cheek plot and 100 on the treated plot on all other dates.

TaBLE 12.—Numbers of jflics per acre az shown by field counts on plot 1 G 1928

Estimated number of flies per acre

Check plot Treated plot

Undetet- Undetar-
mined Females | “rinad

t For datn concerning applieations of calclum arsenate on this plot sea T'abla 28,
i :il(}ne (];undred counts were mads on the eheck plot and s like number ot the treateid plat on each date
ndleated.

Tapte 13.—Numbers of fliex per acre as estimaled from field counfs on cxperi-
mental plot, 1529

Estimnted number of Mas ner agre

Sex un-
Males | Females | deter- Total
mined

po b PR 1 b
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{ Two hupdred counts were mada on each date lodlepted. Al counts werp tmade on lnnd that had ol
becn dusted; no counts wers mude oh dusted Ingd this seeson.
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In intorprar'ﬁ the results of the population studies it was found
possible to correlate the numbers of flies found in the field with the
records obtaineéd from the emergence cages. It was assumed that
emergence on the areas on which the field counts were made was
very similar to the emergence in the cages. This assumption was
probably correct, for plot 2, on which field counts were made in 1927
1s located within 2 miles of the emergence-cage plot and is on land
fairly similer to that on which the emergence cages were located.
There can be little question about the emergence on plot 1 G bein;
comparable to the emergence in the emergence cages, for the fiel
counts on this ares were taken within a few hundred feet of the
emergence cages.

If the numbers of flies per acre, as shown by the field counts during
the years 1927, 1928, and 1929 be piotted, it will be noticed that the
number of flies found in the field increases as emergence progresses.
Later, as emergence declines and the rate of mortality incresses, the
number of flies in the field decreases. This suggested the possibility
of making a chart by superimposing the data from the field counts
upon the emergence curves.

To do this, the emergence curve for each season was first plotted.
It was assumed that tie numbers of flies in the field inereased in
direct proportion to the accumulated emergence of flies and there-
fore the increase of fly population follows approximately the curve
of accumulated emergence for a period equal to the average length
of life of the flies in t%e field. ter the flies begin to die, the curve
of fly population falls below the emergence curve,

The thecretical number of flies present in the field on any date may

be determined by ascertainjng the total percentage of accumulated

emergence on that date, and subtracting from that number the
percentage of flies that have died by that date.

This may be expressed by the formula:

Flies present=flies emerged —flies dead.

This entire equation is expressed in terms of percentage of total
emergence for the season. working with this formula, the per-
centage of flies emerged is determined from the records obtained
from the emergence cages. The percentage of flies dead on any
date is represented by the percentage of flies which had emerged on
a date preceding the given date by a number of days equal to the
average length of life of flies in the field. For examnple, to determine
the percentage of flies dead on August 6, 1929, assuming the average
length of life to be 24 days, count %:ck 24 days, to July 13, on which
date 58.89 per cent of the flies had emerged. Theoretically all of
these flies would be dead on August 6, and should be subtracted from
the percentage of flies emerged on August 6 (97.93) to obtain the
theoretical percentage of flies present (39.04) on this date. The
theoretical curve of occurrence was plotted in this way for each
season. (Figs. 14, 15, and 18.)

Both the emergence eurve and the curve of theoretical occurrence,
as discussed above, are computed on & percentage basis, while the
records of the field counts are based on the numbers of flies per acra.
In order to superimpose one of these series of records upon the other,
it was necessary to reduce the theoretical curve of occurrence and
the field counts to a common basis. The curve of theoretical occur-
rence was plotted in the manner described above, using an arbitrary
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number of days which was thought to approximate quite closely
the average length of life in the field. A cross was then placed on
the occwrrence curve at its intersection with each date upon which
a fly count wes made in the field.

uming that the results of the field counts are most nearly
accurate when a large number of flies are present, the point on the
emergence curve corresponding with the largest number of flies
obtained in a field count was assumed to be correct and to represent
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Fiauke 14,—OQccurrence of Dlogherry flles, Cherrrfleld, Ma, 1027, Tho
hroken Hna represents accumulstive emergence for 1927; the solid llng
indicates thearetleal ocourrence of livs; crosses indieote results of Qcld
counts of tha 1y populstion

the number of flies per acre indicated by the fly count for that date.
For example, the point of intersection of the population curve with
July 22-23 for the season of 1929 ® was assumed fo represent 4,750
flies per acre. A scale was then constructed by marking off the dis-
tance from this point to the base of the chart into 4,750 equal divisions.
This scale is shown on the right of the chart. (Fig. 16.) It is now
possible to sscertain whether the theorstical occurrence curve and

' Diuring the season of 1029 field counts of adults wora made twico n weok, umally on two successlva
daye. In &}tmg tho curve for this sooson the average of these two counts was u.wci and wus placed on
the cuurva way botween tho dates of the counts.
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the numbers of flies observed in the field counts {other than the count
assumed to be correct) coincide properly. If the records from the
field counts are found to lie sbove the theoretical curve to the right
of the peak, the average length of life of the flies used for plotting
the oceurrence curve is not long enough. If the records from the
field plots lie below the theoretical curve to the right of the pesk,
the length of life assumed in plotting the occwrrence curve is too
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Fiaung 15.—Qceurrence of biuoberry Nies, Chorryfield, Me., 1928
T'ho broken ling with dots represents acemmulative gmorgenco
for 1028; the solid ling with dots Indientes theoretical ocenrrenco
of Migs; broken ling with circles indicutes theorsticsl oecurrenca
of cgg-luyiog foerunles, (The plot used in 1923 bore the Srat
crop of berrips following i thorough burn in 1877, therelore tha
files etsterging on this lond hod pupated ln 1026; henee the gmer-
genue curve Lsed is bused upon the cmergence of Qies from pupas
formud ‘o 1920, see Fip. W)

long. By plotting a few curves of occurrence, each based on a dif-
ferent nverage length of life of adults in the field, a curve may be
found which fits all of the points to best advantage. It may then
be argued that the assumed averags length of life indicates approxi-
mately the correct average duration of Tife of the flies in the feld,
and the theoreiical curve of occurrence, based upon this average
length of life, gives & reasonably accurate pieture of the seasonal
fluctustion of the field population of flies.
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. LONGEVITY STUDIES

It was determined, by the method outlined above, that the average
duration of life of the flies in the field was close to 19 days in 1927 and
in 1928. During the season of 1929 the average life of the flies (24 days)
wes somnewhat longer than that indicated in the two preceding seasons.

Diring the latter part of the season the length of life of adults in
the field apparently increases. This apparent increased duration of
life late in the season is indicated on the charts (figs. 14, 15, and 16)
" by the fact that the numbers of flies in the field after the middle of
August usually exceeded the theoretieal curve by & considerable num-
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Ficure 16.—Ceowrrence of blusherry fies, Cherrrficld, Me., 1820, The
broken llne with dots repressnts eccumulstive amergeneo for 1020; sclid
{lne with dots Indleates thooretleal ocenrrence of fiies; broken lina with eircles
Indicatez theoretion! oecurrence of egg-laylog lemalss

ber. This is paralleled by the observetions on the apple-maggot flies
made by Porter {13), who states: “Apparently on account of the
cooler weather in the fall the average length of life of flies of the
second brood was greater than that of those of the first brood.”

It seems probable that there is an actusl increase in the average
length of life of the blueberry flies late in the season, as indicated on
the charts, It should be borne in mind, however, that field observa-
tions of this nature tend to be influenced by minimum quantities
early in the season, and by maximum quantities late in the season.
It is probable, therefore, that the apparent lengthening of the life
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of'_the..ﬂi.\és late in the sesson is due in part to the presence of the com-

- paratively few individuals which survive for an abnormally long time
. and which fend to sccumulsate toward the end of the season.

- Although the fiel

- A number of workers have attempted to determine the duration of
life of the apple-maggot flies by confining them in cages of various
‘kinds. The results of these attempts have generally proved umnsatis-
factory because of the abnormal behavior of the flies in captivity and
‘because of the high mortality of the flies under artificial conditions.
methods used in the present study are subject to

" certain criticisms, it seems evident that the results produced are

" superior to those obtained by confining the flies in cages. This con-

clusion is confirmed by the resulis of previous workers in studies of
the apple maggot (O’Kane (70}, llingworth (8), Porter (13)), as well
as by cage studies condueted during the course of these investigations
with the blueberry maggot.

OCCURRENCE OF FLIES IN THE FIELD

The charts (figs. 14, 15, and 16) give an interesting picture of the
seasonal fluctuation of the blueberry flies. The outstanding features
brought out by these studies are {1) the rapid rise of the fly popula-
tion mn the field as emergence progresses, (2) the surprisingly definite
peak of abundance, (3) the sharp decline after the peak has been
passed, end (4) the rather short period during which the flies are
abundant in the field.

In the summer of 1927 the field counts were not begun until just
after the flies had reached the peak of abundance, so that it was not
possible {0 trace the increase of flies in the field by means ol the field
counts. In 1928 the field counts were begun ear{ in the season, as
shown in Figure 15. The rise of flies, as indicated {y the field counts,
. coincided very closely with the theoretical increase of flies, as indicated
by the emergence-cage records. The field count made on August 3,
1928, falls far below the theoretical number of flies which would be
expected on that date, but the count made on August 13 falls ve
close to the theoretical number. The discrepancy on August 3 Is
difficul$ to explain; it may have been due to poor weather conditions
for counting, to inaccuracy, or to an unusually high death rate among
the flies as a result of heavy rains,

During the early part of the season of 1929 the fly counts in the
field lagged behing the theoretical curve, but the decline in the num-
- bers of flies agrees quite closely with the theoretical curve.

While it s undoubtedly unwise to aceept the results of theoretical
estimates of this kind as being strictly aceurate, it appears that this
work has produced resulis about as truly representative of conditions.
in the field as it is practicable to obtain by any method available,
It seems probable that, as o whole, the picture presented by these
charts approximates, with remsonable accuracy, the conditions
oceurring in the areas under observation,

OVIPOSITION

In meking detailed studies of R. pomonelle es an apple pest, most
workers have experienced difficulty in observing oviposition by the
flies, although & number of observations of oviposition in orchards

L have been reported. lllingworth (8) seems to have been most suc-




82 THCHNICAL BULLETIN 275, ¥. 8. DEPT. OF AGRICULTURE

- egsful in inducing -thé flies 10 0 osih in captivity. Patch and Woods

e (11) observed oviposition by a blueberry fly under laboratory con-
. ditions, and recorded a descri}itlon of the process. During the course

of these investigations-of the blueberry maggot, oviposition by captive

‘flies has been observed once.or twice, and also several times flies in
their native habitat have been observed in the act of oviposition.
However, observations of oviposition have been too few to provide a
satisfactory basis for establishing the period. of oviposition or for
estimating the probable abundance of eggs in the field. .

FiGure 17.—Reproductive system of the newly amerped female blusberry-maggot fly: A, Wilk
ovipositor retracted; B, with ovipositer extended. gl bd, Glandular bodies; ext ret m, oxtansor-
refractor muscla of the ovipesitor; co, ovaries; oeld, ovlducts; orip, ovlpositer; avip 2k, sheath of

- ovisposltor; recd, recttum; rel m, retractor murcle of the ovipoeitor; susp 7, suspensery muscla,
holding the ovidust In p’laoe - :

Ilingworth (8) estimated the length of the preoviposition period
of the apple-maggot flies by determining the period necessary for the
development of the ovaries. By dissecling females of known age he
was able to trace the development of the ovaries and to determine
approximately when egg laying would begin. . '

iggection of blueberry flies which had been kept in .captivity in
field cages and in the laboratory was unsatisfactory. The ovaries of
captive flies had made no development even when the flies were 14
days old, and when the flies were dissected the ovaries had the same
appearsice as those from newly emerged flies. (Fig. 17.) The ovaries
of egp-laying females captured in the field showed normal develop-
ment (fig, 18), but of course the age of captured flics was unknown.

The male (ig. 19) probably matures in ample time for fertilizing the
. egg-laying females. :
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* Tai’ the: life-history 'work-'gﬁégﬁnglfshpaﬁglﬁrﬁgrthé‘-—t'seascns:: of-1027,
1628, -and 1929 it was noticed ‘thdt “the first egps a%peared in the -
Aeld from 10 to 15 days .after the firat, flies emerged. It appears’
drom these observativns ‘that the aveérdge preoviposition period is
about 12 t0 13-days, - =~ . - . o
“-although there is-um-. . .

doubtedly  some flue-

tuation during the

course of the season..
~ 'The length of the ovi-

~ position period of the

 flieg . vartes with the

length. of the precvi-
- position period and the

total length of life of

the flies. In these

‘. studies the average

duration of the ovi-
" position period varied
from 6 to 11 days.

- -During the seaszons
of 1928 and 1929 accu-
‘rate recerds were kept

. of the numbers of flies )

- of each sex emerging in the cages. By plottitg & curve in & manner

somewhat gimilar to that described for the curve showing the total
. number of flies, the occurrence of females of egg-laying age was
- . estimated, as shown in Figures 15 and 16. The sbundance of -
- laying females was of course much Iower than the total number of fies
“mocd occurring in the field,
LA ' The peak of abun-

dance of egg-layin
females occurreg
somewhat later than
the peak of the total

fiy population.

The ¢arve indicat-
ing the theoretical
population of egg-
laying females shows

Fiaurg 18— varjes from mature blueberry-maggot By eapturad
in t&3 fAedd

. characteristics simi-

lar to the curve of

: ; > the total fly popula-

FioUre 39.—Reprodactive systam of the male blusberry-mageot 8y,  tion. 'Th are 18 1
venirolatersl view: COpaS) ands; &, bladderitie portic ) .

o!mesemina!pumnf'ccfg asper;ﬁggusculh pcrtlonofthes%omlnaxi rapid increase in the

DRImD; pen, Tenis; pl, ehitinos Tod or plunges of the semine] PR :
rect, réo’,t‘um; spd: gpermadu.et; tent, teu%eg?g td, vas doferens pumg; .B‘ﬂd fema”les as 1.3]1(3
: ¢8 reach egg-laying

age. The pesk iz fairly definite, and is followed by & sharp decline
a8 the death rate increases. :

It is interesting to note the inereased abundance of females of egg-
laying age during the season of 1929 es & result of the longer averago
duration of life of the flies of that segson. The pesk of oceurrence of
egg-}ayingfr females eoincides approximately with the period of high~
eat rate of oviposition in the field,

74544°—32—3
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STUDIES OF MAGGOT: POPULATIONS. AND THE INCUBA-
LR . . TION PERIOD . :
R - METHODS OF PROCEDURE
Direct observations of the eggs of the apple maggot to determine the
length of the incubation period have been made%c;’ several workers.
However, owing to the difficulty of obtaining eggs of known age for
observation, the number of records is small. Moreover, it is gener-
ally reported that the eggs do not seem to behave normally under
obgervation, with the result that the accuracy of the observations on
this point is more or fess in question. During the course of this work
s limited number of egps of the blueberry maggot were dissected
from blueberries, and an attempt was made to determine the incu-
bation period by direct observation. Most of the eggs failed to
“hatch. A few records were obtained, but the variation was so great
that it leads to the belief that the eggs were not developing normally.
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FraurE 20.—Actlvity of the blucherry maggot, Cherryfield, Me., season of 1928. Floctuations
of field popelations of eggs and Lisggots, and progress of pupation, shown in relstlon to emergence
of Bigs. The first Bies eppeared in the field two or three deysearlier than the emergence records
indicate, making the preoviposition perfod approymutely 10 days

The most satisfactory information which these investigations
yielded on the length of the incubation pertod was obtained by indi-
rect, methods in connection with studies of field populations of mag-
gots. Throughout the season of 1928 and again in 1929 large sam-
ples of berries were collected periodically in the field. These samples
were brought into the laboratory and divided as scourately ss possi-
ble into two similar series. One series, representing half of the sam-
ples, was processed immedintely to determine the number of mag-
wots present per 100 berries. The other series was retained in the
laboratory for two weeks in order that all of the eigs present in the
berries might hatch. At the end of two wesks the berries of the sec-
ond series were processed and the number of maggois present per 100
beriies was deterrmined. The difference between the number of
maggots present in the first series and the ntunber present in the
second series was assumed to be the number of eggs which were pres-
ent at the time that the berries were picked. By taking such sam-
ples at intervals throughout the season, it was pessible to determine
with reesonable accuracy the numbers of eggs present and the num-
bers of maggots present during the season. The resulis of these
studies are given in Figures 20 snd 21.
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Methods for studying the field populations of eggs and maggois
"were developed in greatest detail during the summer of 1929, and it
seems worth while to describe in detail the procedure followed during
that season. Beginning just prior to.the first oviposition of the
season, samples of berries were picked at weekly intervals from g
iot of blueberry land laid off especially for the purpose. (Fig. 13.)

his ‘plot had been used for similar studies in 1928, slthough the
work wes not quite so systematically performed during that season.
The land was thoroughly burned over in the spring of 1927; in 1928
it bore the first crop of berries; and in 1929, the second crop after
the burn. The berry crop was rather light each year, and there was
, apparently little difference in yield between the first crop and the
second crop. As studies were continued on this lend until frost
occurred, the berries were not picked, and the yield was not sceur-
ately determined. -
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FIoURE 2f.—Activlty of the biueberry maggot, Cherryficld, Me., season of 1928, Fluetuntions
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On the experimental plot 160 small sampling areas were marked
off by heavy white cord. The minimum size of these plots was 20
by 50 feet. Some of the plots were made two, three, or four times
this size where the berries were sparse. (Fig. 13.) On each plot
there was a sufficient yield so that the nuraber of berries on the land
was not materially reduced by the samples collected during the course
of the work, and conditions on the plot were not modified to an impor-
tant extent by the experimental procedure.

In collecting a series of berry samples for estimating the maggot

opulation, g counting board (pl. 10, B) was taken into the first 20
by 50 {foot sample plot, and berries were picked to fill the 100 holes
in the counting board. Only ripe berries were picked, and every
effort was mnade to have the sample as truly representative as possi-
ble by pickwg from sll parts of the plot and teking berries of all
sizes, efi 100 berries had been collected, they were placed in &
half-pint fiber container known as an ““oyster bottle.” This process
was repeated on each sample plot until 100 samples, each contairing
100 berries, had been collected. In the lahoratory 100 empty fiber
containers were arranged in a single row, forming o large hollow
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. square, and the containers were numbered from 1 to 100. Teking
.one of the field samples, and beginning with container No. 1, one
berry ‘was, placed in each container, the last berry from the feld

-aan&ple; going into container No, 100. The firat berry of the nexd

field sample was placed in conteiner No. 2, and again one berry was
placed in each of the 100 containers, the last berry going info con-

_tainer No. 1. The berries from all of the field samples were dis-
tributed in this way, the first berry from each field sample being
placed in the next succeeding laboratory container. As a result of the

- process therowere secured 100 sam-

ples of 100 berries each, which, it

seems, should be approximately
homogeneous. A coin was tossed
to determine whether the samples
bearing the odd numbers or the
even numbers should be processed
immediately for maggot counting.

The 50 samples &fiat were to be
kept for two weeks were placed on
wire screeus set into quart “oys-
ter bottles’’ containing sand in the
bottom, and covered with a plece
of cheesecloth secured by a rubber
band. (Fig.22.) Attheendoftwo
weeks the berries were processed,
the sand was sifted, and the total
number of ts in the berries
and of puperia In the sand wasre-
corded.

BRELATION OF THE PERCENTAGE
OF RIPE BERRIES TO THE MAG-
GOT POQPULATION IN THE FIELD

Egps of the blueberry ms%)got
have 1I:;eer_n fo:;rid only ];n Tipe ber-

FiaurE 22 —Disgresm of contalner for keeping “do- 1125, BENCE, OILY IIpe DEITiEs were
lsyed sumples of biushesries in the ihbofotory picked for field samples. The flies

w maggot counta, . . )

b Fiver contsiner @ “oystar bots”i & begin to deposit egge when com-
mm. e e ey, serten o stue. Paratively few of the berries are
Derries ripe. During the early part.of the
epg-laying season a relatively small number of ripe berrtes are pres-
ent for receiving the eggs. As the flies apparently seek out the
ripe berries for egg layimng, the comparstively few ripe berries pres-
ent may be rather _heaﬂiy infested, slthough on the ares under
observation the entire population of maggots may be very small.
If samples of ripe berres are collected from an ares at intervals
throughout the semsson, and the number of meggots present deter~
mined, the resulting date will indicate the infestation of the ripe ber-
ries on the respective dates, but the date may not indicate closely the
aggot pooulation of the fleld. Because of the variation in the
number of ripe berries present from time to time, the data from the
berry sample should be corrected if a true picture of the maggot
population.of the field throughout the season is desired. For example,
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-'subﬁose it were found that there was an average infestation of 5 .
- maggots per 100 berries in a series of samples taken when 20 per cent

© ‘of the beiTies werg ripe: In another series of samples, taker when
- 40 per cent of the berries were ripe, an average of 10 maggots per 100
were present. Then it should be recognized that when the second
series of samples was taken the maggot population of the field was
{four times as great as when the first series was taken, for there were
not only twice as many maggots present per hundred ripe berri
but there were twice as many ripe !I;errim on the plot. :

|
"y

e

3

2 =

s
LS

Pt
L0,

3
8

;
)
% 1o

&
2

by +
¥ A// 0
74 Tarls ...,1“..;....r;.t...h..m-uhn.;_,_,mm.|u‘...|m,!,,..i..“mu

v

AL ALELST . SUEPTLEALER,

Figuzne 23,—Emergence of blusbetry-maggot flles and ovipositien in relation to ths
DPercentage of blueberries ripe, Okerryfield, Mae., 1020

In otder to make the necessary corrections to compensate for the
incressing munbers of ripe berries, the percentages of ripe berries
were estimated on the plot on which the population studies were made
in 1928. In 1929, in order to estimeate more accurately the percentages
of ripe berries throughout the season, 40 small plots, esch approxi-
mately 4.67 feet square, were established at points well distributed
over the area under observation. (Fig. 13.) Beginning on July 13,
all ripe berries were picked from each of these plots at weekly intervals
and the numbers recorded. The picking was continued until no ber-
ries remained upon the plots, The records obtained (fig. 23) give en
accurate picture of the ripening of the berries on the plot. The data
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derived from the maggoi-population studics during the seasons of
1928 and 1929, including the corrections necessary to compensate for
differences in the number of ripe berrics, are presented in Table 14.

TapLe 14 —Resulls of maggot-population studies, 1988 and 1929

nits par 100 berries

Original data  ~ Corrected dota

Maggots Maggots
nnd eggs Maggots and eges Maggols | Eggs

RBREB.

)
0. 07k, 13

LB 13

BSowe

5.02%.10
4. BE:E. 40
2,02 53

. BG4, 60
—. 54, 4 {
—1.08, 42
—. 3. 36

RESULTS OF FIELD STUDIES OF EGG AND MAGGOT POPULATIONS

The results of the studies of egg and mag%ot populations for the

seasons of 1928 and 1929 may be plotted as s
23, and 24,

The method of constructing Figures 20 and 21 is éxplained in Figure
24. The curve A-B-C represents the total population of maggots
and eggs present throughout the season and 18 based upon data
obtained from the berry samples that remained in the laboratory for
two weeks before the maggots were counted. The curve D-E-F
represents the field population of ma%gota only, and is based upon
data obtained from the berry samples which were processed im-
mediately.

own in Figures 20, 21,

LENGTH OF THE INCUBATION PERIOD

The horizontal distance measured between the curve D-E (fig. 24),
representing the maggot population, and the curve A-B, representing
the combined population of maggots and eggs, indicates the length
of the incubation period. This applies to the period beginning sbout

-July 19, when the first eggs hatch, and ending about August 9, when
pupation begins; after pupation has begun, this method can ne longer
¢ used o determine tll:e ?engt.h of the Incubation period, Measure-
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- ments made on the charts at intervals indicate that the incubation
-period during the seasons of 1928 and 1929 varied from & maximum
of about eight days to a minimum of two days, During the season
- of 1928 the incubation pericd varied from a maxitmum of eight days
to a minimum of about four days. In 1929 the eggs seemed to develop
more rapidly; the maximum incubation period this season was seven
days and the minimum was two days.
it is probable that the fluctuation in length of the incubation period
is influenced by temperature, but the dats collected are not sufficient
to give a reliable indication of the influence of temperature upon the
length of the incubation period.
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Fioune 24 —Nethod of constructing chart sligwn in Figure 21, Curve A-D-C fndicales the field
popuistion of maggols ang ¢€Es a3 detenaiued by exnininzlon of the “delnyed " berr{ samples.
Curve D-E-F indicates the fleld. popudation of magrols only, as determined by the Immediste
axamination of saminles of blusberries. The a proxiznte number of egys pressnt on noy date
tuay be determized by messuring the vertical distgnes betwesn ths Lwo curves on the glven
date—for example, the distonces w-z and y-z. The approsiniate durstion of the inegbation

od may he determined by measuring the horlzontn! distance between the two gurvag—
or example, the distances e¥'and ¢~d. The Inctense in the total fleld population of maggots
and oges {eurve A-B) i3 due entirely to the numbers of P being doposited. Henca the
dafly rise of the cirva A-B Indicatas the rata ot which CZits ats helng deposited. None of these
methods applies after pupstion begins, The beglnuing of pupation ix determined by field
observations, aad the progress of pupatlon is determlned by the dueline of (ke Hne E-F

SEASONAL FLUCTUATIONS IN MAGGOT POPULATICN

In 1928 the first maggots appeared in the berries on the experi-
mental avea about July 22. The increase in the numbers of maggots
was gradual until about August 1, when there was a population of
1 maggot per 100 berries. 'The increase of maggots during the first
half of August was rapid, end the peak was resched about August,
13-14. After this time the decrease in the numbers of eggs and the
increase in the numbers of mature maggots leaving the berries caused
2 rapid decline in the number of maggots present. By August 27-28
the number of maggots present in the field had declined 50 per cent,
and the rate of d:ﬁine increased steadily until about the seeond week
of September, when the maggot population had decreased to abouf
1.05 maggots per 100 berries.  After mid-September the decrease was -
gradusl and continued until heayy frost killed the maggots remaining
in the berries, :
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o Durmg thé season of 1929 the rapid rife in the number of meggots
* | bagan somewhat earlier than in the preceding year. The peal of

- 16.05 maggots per 100 berried was reached sbout Avgust 12-14, after
- . which the decline was rapid throughout the rest of the season. A few

oh

Fiauez 25—Mouth parts of the blusberry ot: A, Oral hook of first instar; B, oral book
of secomd Instar; C, oral hook of third inatar; 1D, oral otifiea of third instar, viewed in aptical
seetion., ¢, Chitinized teoth; oh, oral hook; a‘, hooklat; szn, sensory nerve endings

maggots still remained in the berries when killing frost oceurred
during the last few days of September.

'The seasonal fluctuations of eggs, maggots, and puparia during 1928
and 1929 are illustrated in Figures 20 and 21.

DURATION OF MAGGOT INSTARS

During the season of 1929 maggots were secured in berry samples
from the experimental plot in sufficient numbers to permit fairly
accurate determina-

tions of the relative

, numbers of the three

MWy instarspresenton the

= 2 dates when samples

ooy were taken. The re-

7% sulis of theso observa-

k%‘%\“ tions are shown in

% Figure 27. It will be

noted that the first

maggois appeared

about July 19 and that

Frovzz 26 Stigmatlo plates of the Plusherry maggot: &, Fist  the first specimens of

. the second instar oc-

curred eight or nine days later on July 27-28. The first
specimens of the third instar a]ipaared' sbout three or four days
later. The first pupation took place about August $-10, indicating.

- 19 The structure of tha three [nstars of the ap[.l\!a meggot wins described by Snudg‘?:a (ITE‘. The struciure
of the blunbarry maggrot Is a[p]pm’entl identical with that of the :5:;)13 maggot. ith a Little practloe the
instars may be separated without dffficulty, as indicated by Snodgrass, e of the detalls of structure
of the throe inatars are shown In Figures 26 and 26,
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APPARATIN: USED IN STIHIDIES OF DEPTH OF PLPATION

Ay Appaettos B earventoatime chiee enomsda e of o intocsomed seey of soifn By Ladtery of
eonevntrtara fer ot damms Lieee voos vl paapre et Blincherepeas sined apple,
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REMOVING BLOGCK OF EARTH CONTAINING FUrPAE FOR DETER-
MINING DEPTH OF FUPATIGN

Ay Ureneh e e threw Bl k ol carth fropedfe B I Bosg per=lisd dows over hleck
wfearthy 1, Dok of carth i Teax, pemos e f oo geoenl ooy to Be taken into
Lhu lobwiratory.
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- :'s_&géﬂléngth_oi Iarval life of 20 to 22 days. = 'The larval period appears -
.. to be longer toward the end of the season and undoubtedly varies
%7 .. considerably. If the berry remains undisturbed on the plant, the
-, maggot remsins in the until the ‘&dp is completely devoured.
It the berry dries as.s result of unusually warm weather, or if it is
thrown to the ground and battered by heavy rains, the maggot is
~ forced to leave the berry sooner than would otherwise be the case.
- Probably the fluctuation in the number of m ts of the third instar
- " present throughout the season as indicated in Figure 27 is due to

_&ctors of this kind.
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FiooRE 27.--Field papulation of blueberry maggot, Cherryfield, Me., 1929, showing fuctu.
ations cfpmport{omo{t&launeamwa * ’
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PUPATION

During the course of these investigations several modes of procedure
were used in attempts to determine the time and rate of pupetion.
The first consisted of gathering samples of berries periodicufly in the
field, bringing them into the laboratorly;, snd placing them on sereen
trays over funnels. The maggots, as they left the berries to pupate,
fell into the funnels and were collected in cups of sand placed beneath
the funnels. It was found, however, that this method gave no reliable
indication of the time of pupation in the field. The berries in the
laboratory neither dried up nor were battered by rain, and the maggots
remained in these berries much longer than would have been the case
in the field. The next attempt consisted of placing cans of sand
beneath bunches of berries in the field and examining the sand periodi-
cally to determine the number of puparia which had formed. Theo-
retically, this method should give highly satisfactory results, but in
practice it was found that the normal infestation in the field is so low
‘that the number of maggots collected in this way is too small to give
an aceurate indication of the rate of pupation in the field.

The most reliable indicator of the rate of pupation seems to be
the rate of decline of maggots in the harries on the experimental plot,
as shown by the charts., (Figs. 20 and 21.) It is possible that the
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tate of decline in maggots may be due to some extent to beiries drop-
ping from the plants several days before the megiots leave the berries
to pupate. An attempt was made during the season of 1929 to-'deter-
_rniné the extent to which this factor operates, by collecting large
‘numbers of berries from the ground beneath the plants at interv:
-and observing them to note the length of the time that the maggots
rémained within the berrics sfter the fruits had dropped. The results
of the observations indicats thet the meggots may remain in the
dropped berries severil days before pupation takes piace.. However,
many maggots drop out while the berries are on the plants, or soon
after the berries drop from the plants, and it is doubtful whether the
fact that some of the maggots remain in the berries for several days
after the berries drop to the ground would materially alter the records.
of pupation indicated in Figures 20 and 21.

THE DEPTH OF PUPATION

At the outset of the investigation in 1925, evidence had accumulated
which seemed to indicate that the process of burning over the blue-
berry land was destructive to the pupae beneath the soil. One of the
first investigations undertaken by the laboratory was a series of
studies to determine definitely the value of the burning process from
the standpoint of maggot control. Two parallel studies were con-
ductfed——lﬁl) a determination of the depth at which the insect pupates
in the soil, to ascertain whether the puparia are close enough to the
surface to be affected by the flames or the heat produced in burning
over the land, and (2} a study of the soil temperature produced by
the burning process. _ _

The first attempt to determine the depth at which [pugation takes
place was made by sifting soil taken from beneath blueberry plants
growing on the barrens, This attempt met with the same difficulties-
reported by Patch and Woods (/7). In soil containing a normal
infestation, the number of puparia obtained by siffing 1s too small
to yield results of value. In order to obtain worth~while results it
seemed desirable to have a large number of maggots pupate within a
limited area of soil. Records of the depth of pupation of & significant
number of individuals could then be obtained with a minimum ex-
penditure of time and labor. During the first few da{s of September,
1925, a device was constructed for concenfrating a large number of
pupze in & imited space. (Pl 11.) The device consisted of a cheese-
cloth funnel, or concentrator, 4 by 5 feet on the upper end, and 6
inches square on the lower end. Over the larger end of the fungel was
placed a wire-screen tray, and the whole apparatus wes supported by
stakes so that the small end rested on the surface of the aoiij, and the
screen tray on the upper end was approximately level and about 3
feet above the ground. The apparatus was placed on typical blue-
berry land, and on September 5 a little more than one-half bushe] of
heavily infested berries was placed on the tray. Observations were
made from time to time; very few maggots were seen descending the
epparatus, and it seemed improbable that any considerable number
of puparia would be found in the soil beneath the funnel.

On October 12 the apparatus was dismantled, and the puparia were
carefully removed from tha seil at the apex of the funnel. A total of
1,389 puparia was obtained, ' '
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ey : In:counting the puparia, the débris from the surfsce of the srea |

" “under observation was. first removed. Next s trench about 3 inches
o wide'was dug to & depth-of 8 inches, leaving a block of earth 12 inches

squeré containing the puparis from the concentrator. The first and
then thie second helf mch of soil was carefully removed from.the

block: aftér this-the soil was removed in layers 1 inch thick, until a -
- total depth of 6 inches Liad been reached. The numbers of puparia
- in the various layers were then carefully determined. The resuits
sre shown in .'I‘ﬁbf;_.._}S_._‘._ - o .

Tinie 15.—Depth of picpat&on of the blueberry magg.rat,' Washinglon County, Me.,
. : 16885 : :

Depth of layer ! o

Burface.__
Fizat half inch
; balf ineir

! Mo pupetia wers found ip the foarth, fifth, and sixth inches of soil.

.. The results of the study indicated that s surprisingly large propoz-
tion of the puperiz were found within the first inch of soil. The
‘faet that the puparia were located so near the surface of the soil -
tended to strengthen the theory that many of the pupae were de-
stroyed by the heat produced in burning over the blueberry land.
To co the results of the study of 1925, four concentrators were

established during the season of 1926. These were placed in locations -

which included & wide range of soil conditions, One bushel of heavily
infested blueberries was placed on each apparatus.

During late fall, after pupation ‘was complete, the concentrators
wers dismantled, and the number of puparia in the soil under each
was counted. In removing the soil from beneath the concentrator, a
12-inch square was marked on the soil under the epex of the funnel
before the apparatus was removed from the spot. As soon as the
apparatus was removed, the débris from the surface of the marked aresn
was carefully removed and placed In a suiteble container. The soil
was then carefully cut away from sbout the aree which had been
marked off, leaving & block of earth 12 inches square and extending
- down to & depth of 12 inches, unless rock occurred before this depth
was reached. A wooden box (pl. 12) of suitsble dimensions was then-
forced down over the block of earth contaming the pupsaris from the -
concentrator, and the entire bluck was removed and taken into the
laboratory for examination. The block of earth was carefully di-
vided into half-inch horizontal sections, and the number of puparia
found in each half inch of soil was counted. : '
- The results of the studies of 1926 (fig. 28) confirmed the results of -

1925 and definttely established the fact that & very great proportion
of the pupae overwinter at a slight depth in the soil. The results are
. shown in Table 16. An averege of 96.72 per cent of the puparia -
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found within 1-inch ‘of the surface of the zoil.. -Four puparia
were founid, under concantrator No. 1, at a depth of 7% to.8 inches,
Puparis of the:apple maggot have been reported by G'Kane (20) at a
.depth-of 5 inches, and by Porter (13) at 4 to 5 inches. Brittein and
Good: (3) reported finding larvae at the bottom of a caf containing
-12 inehes of soil.. The record of puparia found in block No. 1 at a
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. F:dUnE 28.—Diepth. of pupatlon of the blusberry mageob ot typleal
blneberry land, Cherryfield, Me., 1926

depth of 7% to 8 inches may be valid, but the fact that the four puparia
found et thiz depth were g0 much deeper than any of the other puparia
makes it appear barely possible that the four specimens in question
may havu dropped from some of the upper layers of soil during the
operation of separating the ia¥ers of smlp in the: laboratory. Except
for the four puparia just noted, none was found below 3% inches. -
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I;i::l:‘:l?h block was examined to a depth of 12 inches, except block 3, In which rock wis reached at a depth of
g,

EFFECT OF SOIL TYPE UPON DEPTH OF PUPATION

During the season of 1926 concentrators 1, 2, and 3 were placed in
three situations on typical blueberry land which varied to a normal
extent in drainage, but otherwise were not greatly different. No. 1
was on a level, rather poorly dreined area. No. 2 was near the edge
of high, well-drained platean land. No. 3 was intermediate in drain-
age. The soil in sll of these %ocations was & sandy loam with =&
aurface layer of organic matter to a depth of 1} to 2 inches.

Concentrator No. 4 was placed in 8 draw which in rainy seasons
{ormed the bed of a stream. It wes at the extreme edge of blueberry
growth, and adjoined & hackmatack swamp. The soil was moiss,
and was springy underfoot. - _

The coucentrator operated in 1927 (Table 17) was placed over a box
of send. The box was provided with & cloth bottom and was set in
the ground at e depth of about 6 inches to provide normal moisture,

The results, as mdicated in Figure 28, show that under normal
conditions there is little variation in the depth at which the blueberry

" maggots ]ilupate. Most of the maggots pupate in the organic surfaco
leyer of the soil and above the dense mat of blucberry roots, It is
evidently difficult for the maggots to penotrate the mat of blueberry
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roots, and the depth of pupation as shown in Figure 28 seems to very
with the depth at which the root mass occurred.

The maggots penetrated somewhat deeper in sifted sand {(fig. 29),
but even there 99.65 per cent of the pupae were within 2 inches of
the surface. One pupa was found at & depth of 3 to 3} inches,

FZ 7 S &2
PRLECENTREES OF Flags

FigORE 26—Depth of pupation of ihe hlueberry roaggol in sifted
sand, Cherryfeld, 3fa, 1507

TasrLe 17.—Depth of pupalion of the blueberry maggot in sifted sand, Washinglon
. Counly, Me., 1927
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NATURAL ENEMIES

The elert attitude of the blueberry flies gives them the appearance

. of being constantly on guard against some enemy thai may be ready to

pounce upon them. grobably the defensive attitude of the flies is

“{:511 founded, for several enemies have been observed preying upon
them,

Probably the most important enemies of the adult blueberry flies
sre two species of large ants, Formica fusca L. and F. exsectoides Forel
(determined by W. M. Mann). Both of these ants are abundant on
much of the blueberry land. The nests are apparently started in ov
under the desd roots of birch and alder sprouts. As the colonies of
ants incresse in size, characteristic mounds are formed. The fully
developed mound miay' be approximately 12 inches high and 2 or
3 feet in diameter. F. fusca is entirely black and is probably some-
what more abundant on the ‘blueberry land. F. exsectoides has n
red head and thorax and black ebdomen; it is apparently not quite
so sbundant on the blueberry land. = 1t is slightly larger then F. fusca,
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the nests are somewhat larger, and the individusis are more pugnacious.
if their nests are disturbed.

Both of the species of ants were very destructive to blueberry flies
confined in cages on the blueberry land. Whenever it was attempted
to confine & number of flies in a cage, the ants were observed running
about the cages with flies in their jaws. A#t first it was thought that
the ants were taking only the dead Hies which had dropped to the
bottom of the cage. Only brief observation was required to prove
that the snts were also capturing the living flies. In a number of
instances the black ants were observed to spring some distance in
an attempt to capture the flies. The black ants were more trouble-
some to the flies in the cages than were the red heads, probably be-
cause the blacks were more numerous. It was necessary to protect
the cages by sticky barriers to exclude the ants.

Probably ants catch many flies in the field, but no such capture
was observed. In many cages ants in the field were observed in
their haphazard wanderings to prowl very close to the flies. The
flies always escaped easily, and the ants seemed to respond in no way
to the proximity of the fliles. The isolated habit of life of the flies and
their coustant slertness undoubtedly greatly reduce the effectiveness
of the ants as destructive agents.

During the course of four or five summers’ work with the biueberry
maggot, small spiders have several times been observed feeding upon
the %Iueherry ﬂges, and a number of the flies have been observed

enmeshed in spider webs among the blueberry plauts. One small
spider captured while feeding upon s blueberry fly was determined,
by C. R. Shoemaker, to be Philodromus rufus Walek., of the family

Thomisidae.

It is probable that spiders dispose of & good many blueberry flies
during the course of 2 season, but no study has been made to deter-
mine the effectiveness of spiders in destroying the flies.

Two species of small hymenopterous parasites, Opius melleus
Gahsn and Q. richmonds Gam (determined by A. B. Gahan), have
been found effectively attacking the blueberry maggot. Records
from the emergence cages indicate that 0. melleus is by far the more
important species and that the number of Q. richmonds is insignifi-
cant in comparison. _

Two methods were used to determine the percentage of parasitism:
(1} Collecting flies and parasites issuing in emergence cages, and
datermining the number of flies and parasites and computing the
percentage of parasitism from these data, and (2) examining puparie
under the binocular mieroscope to determine the percentage of
pupuria which contained parasite larvae. .

The estimation of percentage of parasitism based upon the relative
numbers of flies a.nc{J parasites which appear in emergence cages is
subject to error, due to the fact that both the flies and parasites may
remein in the soil for several years before emerging. However, this
method is probably sufficiently accurate for most purposes. The
examination of the puparia gives greater accuracy, but the process is
tedious and time-consuming. In no case has a lot of puparia been
observed to be entirely free from parasitism. Table 18 summarizes
'the records from the emergence cages during 1927, Paresitism in the
different cages varied from 1.37 per cent to 29.66 per cent. The
sverage for all of the cages was 10.7 per cent. '
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' TaBLE 18.—Parasitism of the blueberry maggat by Opius melleus, based on records
) Jrom emergerice cages, 197
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An exsmination of 10 lots of puparia obtained from infested blue-
berries in the season of 1927 indicated (Table 19) an mverage of 29.17
percent parasitized. Thelowest parasitismrecorded from examination
of these puparia was 3.28 per cent, and the highest wag 49.42 per cent,

TaprLe 19.—Parasilism of the blucberry maggol by Opius melleus, based on puparia
examined, 1927 .
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LIFE HISTORY OF OPIUS MELLEUS GAHAN

The life history of Opius melleus may be outlined briefly as follows:
The winter is spent as full-grown larvae within the puparia of the host.
Pupation takes place in mudsummer, shortly before the emergence of
the adult. The adult parasites emerge during late July and August,
just as the blueberry msaggots are present in large numbers in the

erries.
- 'The female parasite pierces the berry with her long ovipositor and
Elaces the egg directly in the body of the meggot within the berry.

zge and larvae of the parasites are found most often in maggots of
the third instar, but occasionally occur in maggots of the second
instar, '
- The parasite larva develops in the body cavity of the host, without
ap%irent injury to the maggot until after the puparium is formed.

~'There is apparently but one generation of gpws melleus & year in
the vicinity of Cherryfield. A certain number of the parasites do not
emerge during the first summer after the epgs are deposited, but remain
in the scil to emerge during subsequent seasons. Adult parasites
have emerged sach season in cages that have been under obaervation
for four seasons. . .
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CONTROL

CULTURAL PRACTICES
BUBNENG

When investigation of the blueberry maggot was begun in 1925 it
was believed by many of the blueberry growers that the periodical
burning over’ of the blueberry land aided in maggot control by
destroying the pupae overwintering in the soll. This seemed logical
and was supported by.the general observation that the first crop of
berries produced after the land was burped over was usually %ess
heavily infested by maggots than the berries of the succeeding crops.
In order to ascertsin definitely the effects of burning upon the over-
wintering pupsae, experiments and observations were begun in the
spring of 1926 and were continued each spring throughout the course
of the work.

Observations on the methods of 1Eylue]:oerry ilzlul_fi]ure showed t.ha?

pressive growers, in preparing to burn over the better portions o

_ ?ﬁg- bluebersy land, sprefd. l}}ay on the land, usually at the mptgof about
one-half to 1 ton per acre. A series of small plots was therefore
arranged upon which hay was placed at rates ran%i.ng from one-half
ton to 2 tons per acrs. e plots were on fypical blueberry land, and
they were burned over on a favorable day when blueberry land in the
viemity was being burned. Readings were made of the soil tempera-
ture immediately before the plots were burned and again immediately
after the fire had passed over them. It was learned that even in the
case of plots receiving hay at the rate of 2 tons per acre there was no
apﬁll-eci_able rise in the temperature of the seil af the depth of 1 inch.

the spring of 1926 two plots were selected upon each of which
spproximately 1 bushel of heavily infested berries had been placed
during the preceding fall. Each of these plots was 4 by 5 feet in size.
On one of these plots was placed s covering of hay approximately
6 inches deep, and over this was ¥laced a generous supply of kindling.
The resulting fire was comparable to the heat of a furnace. Imme-
" diately after the fire had died down sufficiently fo allow access to the
glot, temperature readings were made by mesus of soil thermometers
set to s depth of about 1 inch. ‘The soil temperature had been raised
10 94° F., as compared to 60° before the burning. A record of the
flies emerging from this plot during the regular emergence period
ldater in the season indicated that there was a noticeable reduction in
the number of flies that emerged, as eompared with the number
- emerging from the other plots which had not been burned over. How-
ever, the fact that s goodly number of flies emerged from this plot
showed that even such intense heaf was not entirely effective in
destroying the pupae in the soil.

On another 4 by 5 foot plot, upon which infested blueberries had
been placed in 1925, considerably more hay was added than the blue-
berry growers of this section ordinarily put on, and the soil tempera-
ture at the depth of 1 inch was raised to 82° F. Records of the
number of flies which emerged from this plot indicate that there was
no marked destruction of the pupae on this plot as & result of the

e.
In addition to this enﬁlerimenta.l work, many readings were made of
3

the soil temperature

uring the buwming operations condueted by
74544°—32—-4 :
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commercial berry growers of this seetion. In no case was the tem-
perature of the soil 2t the depth of 1 inch observed to be appreciably
raised as & result of the burning process. It is quite evident, there-
fore, that while & small percentage of the pupae that pass the winter
on tho surface of the soil may be destroyed by the heat of the fire,
the direct effect of the customary burning over of blueberry land is
negligible so far as maggo$ control is concerned. :

The importance of the burning over of blueberry land in relation
to the control of the blueberry maggot results from the fact that the
newly burned area produces no bernes during the following summer.
If the buming is thoroughly done, the destruction of the crop is so
complete that thére are no berries on the area in which maggots can
be produced during this season. The flies emerging on such land
must either migrate to productive land or die without producing
maggots.

he effectiveness of this “starving out’ process is reduced if the
burning is not thoroughly done or if the area burned over is so small
that flies may readily migrate in from old areas during the season
of the first berry crop. The fact that from 5 to 20 per cent of the
flies remain in the soil until the second spring to reinfest the new
crop of berries probably accounts for a large part of the infestation
of the new berry crop and is to a considerable extent responsible for
the ineffectiveness of burning as a control for the blueberry maggot.

MOWING

It has been generally observed that land thatis well mowed, so as to
retard the growth of the weed bushes, and is generally well cared
for yields better crops of berries and that the berries are usually less
heavily infested with maggots as a result of the care.

The care of the land stimulates the growth of the blueberry plants,
and, on soil of good fertility, greatly increases the yield l:iy't:serries.
As the berries increase in numbers more rapidly than the maggots,
the percentage of berries infested tends to decrease as the care of the
land improves. On the very best blueberry land where the sprouts
and sweetfern have been almost entirely removed, and the land yields
excellent crops of berries, the maggot seldom if ever seems to be exces-
sively abundant. From o horticultural viewpoint it seems that it
may be profitable to give large arees of blueberry land moederate care.
Howerver, it is doubtful if it would be profitable on very much of the
land, under the present methods of b?ueberry production in Wash-
ington County, to sttempt s complete control of the blueberry
maggot by means of cultural practices alone. |

WASHING TO REMOYE THE INFESTED BERRIES

During the summer of 1924 the blusberry maggot became an acute
problem in the blueberry industry of Washington County, The first
effective attempt to relieve the situation was the development of
processes for the removal of the infested berries at the canneries.
A suceessful method was worked out by B. J. Howard and C. H.
Stephenson of the United States Departmens$ of Agriculture, Bureau
of Chemistry and Soils. The method consists essentially of treating
the infested berries in & large cylindrical sieve of heavy wire, sbouf
4 or 5 meshes to the inch. (Pl 13.) The cylinder is parbiuliy sub-
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‘merged in runming water and revolves on its longitudinal axis at

moderate speed. The berries remain in the revolving cylinder for
varying lengths of time, depending upen the degree of infestation;
berries with & comparativefy low infestation require only a short
treatment, while heavily infested berries require prolonged trestment
to reduce the maggot count sufficiently.

The friction of the sides of the wire cylinder breaks down the soft
berries conteining the magpots. The maggots, together with the

. . skin and pulp of the infested berries, are washed free into the water
* and are drained off In the overflow.

The washing machine enabled the canners to cope with the maggot
situation, and practically every canuery in Washington County is
now equipped for washing berries to remove the maggots. The
method is subject to criticism, however, for the washing process
breaks down not only the berries containing maggots, but also a con-
siderable portion of the sound berries. No data are available to show
accurately the loss of berries resulting from the washing process.
Canners of considerable experience in operating the machines estimate
the destruction ab 10 to 50 per cent of the berries put into the ma-
chines. The destruction of berries varies in direct proportion to the

;. length of time that it is necessary to process the berries. Table 1
»; . shows anestimateof the loss of berries as a result of the washing process
" in one factory.

Because of the destruction of the berries during the washing process,
combined with- the expense and inconvenience involved, the blne-
berry men prefer, if possible, to combat the maggetin the field, rather

than to treat the infested berries in the cannery.

DUSTING

The successful results secured during recent years by & number of
workers (Severin (f§) in Maine, Brittain and Good {3) in Nova
Scotia, Porter (13) in Connecticut, and others elsewhere), using
arsenical applications for combating the apple maggof, immediately
suggested the use of similar treatments for the control of the blue-
berry maggot. Even a cursory study of the blueberry lands of
eastern Maine indicated that lar%e-scale applications of spray
would probably be impracticable. Insecticide tests were therefore
limited to dust applications.

BESISTANCE OF THE BLUEBERRY PLANT TO INSECTICIDE INJURY

Preliminery tests during the summer of 1925 demonstrated that
the blueberry plants are fairly resistant to Injury from calcium
arsenate and lead arsenate when applied in dust form. More careful
tests made gince 1925 hava given more definite information concerning
the effects of insecticides upon blueberry foliage. - In one test calelum
arsenate dust wes applied to blueberry plants at rates of 6, 12, 15,
18, and 20 pounds per acre without apparent injury in any case.

During the couwrse of the experimentel dusting to control the blue-
berry maggot, numerous complaints have come from blueberry
growers, who have observed the dusted areas, that the dust was
causing injury to the plants, resulting in defoliavion on large areas.
Undoubteély injury and defoliation have occurred on spois in the
dusted areas where the poison was accidentally epplied In excessive
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(gl&nnmes . Upon careful stu i , however, it usually appeared that .
t

ere was a8 much defoliation of plants on untreated areas as oce _
on the dusted land, and that the injury apparently was due to some

_other cause rather than to the effects of the insecticide. Wenther

conditions may have an important influence upon the injury produced
by arsenical insecticides, and careful observations along this line

) should be continued.

~ Besides calcium arsenate, the following dusts were applied to blue-
berry bushes in smell plots at the rates of 6 and 8 pounds per acre
without apparent injury to the foliage: Lead arsenate, magnesium

.arsenate, and barium carbonate.

Calomel dust, similar to the material used for treating lawns for
certain diseases, produced slight injury to the blueberry plants when
epplied at the rates of 6 and 8 pounds per acre.

ommercial sodium fluosilicate, cryolite, and artificial eryolite,
applied at the rates of 6 and 8 pounds per acre, caused severe Injury
to blueberry foliage. Within 24 hours the blueberry foliege showed
severe injury, and the final result was complete defoliation of the
dusted plants.

METHODS OF DETERMINING RESULTS OF DUST TREATMENT

. The results of each experiment for the control of the blueberry -
maggot were determined by counting the number of maggots in a
sexies of samples taken at well-distributed points in the treated area
and from & similar series of samples taken in an untreated area, The
counts obtained from samples taken in the treated ares were coin-
pared with the maggot counts obtained from & similar series of berries
taken from a near-by area which received no freatment and was
selected because of its apParent gimilarity to the dusted plot.

All of the experimental plots were more or less covered with birch
and alder bushes #nd sweetfern. These weed bushes as well as the
blueberry ipla.ni:s were irregularly distributed on the plots, hence
portions of each plot were very bushy, while other portions were
relatively free from weed bushes. It was soon found that on an
average the blueberries from bushy pleces were more heavily infeated
than berries from the open places. In order to equalize this factor,
one-half of the samples of berries from each dusted plot were picked
from bushy areas and one-helf from open areas, and the same pro-
cedure was followed on each check plot.

.Although it has not seemed advisable to attempt to determine
th. effectiveness of the dust treatments by mesns of fly counts,
examinations of dusted blueberry land two days after the application
revesled many dead flies on the ground. Fly counts on dusted and
check areas showed a significant difference i the numbers of flies
present. (Fig, 30.) :

COUNTING TEE MAGGOTS

To determine the number of meggots present in a sample of blue-
berrics, the natural impulse is to pick each berry open with the
fingers and examine the pulp of the berry to see if a maggot is present.
This method was tried at the outset of the work in 1925; it was soon
found inadequate. Too many of the smaller meggots escaped
detection even when the berry was examined under the binocular
microscope, and exsmining the individual berries was far too slow &
be applied to large-scale work.
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FIoURE 30. —Drecresse of 8y population as g result of towe applications
ol calelum arsenaie, Cherryfield, Me,, 1828. The sold line rapre-
sants the dy populstion of untrested check ares of plot 1 . The
hbroken line Zepresonis theorsticn! flucinntions of fiy populsticnen
treated portion of plot 1 G. Crosses Indicate resuits of fisdd counis
of files on the check ares. Circles Indleate results of slmilar counts
oft the treated sres, Arrows Indicate dates of appiication of caleium
arsenate dust. Note the method used for constructing the curve
for tha trasted srea. The fly )gopu.lnﬁons Incressed with equa!
zapidity on both plots prior to the first trentment. Followlng the
first dust application, thers was s attarp daclina In the 8y populatlon
of the treated plot. After the poison waa removad from the falisge
by weather, the iy populetion of the trested plot began bolding
up r:]pld!y. The second pofson application again reduced the Uy
pepulation, sud, as emergenee wos praciicslly complete, thers wos
no further incroase of fliss on the treated plot during the sessen.
The curves represect tojal fy populations, The reduction of n&s—
nying [emales on the trested Jznt 13 mteh more complete than the
reduction of the dtal populs
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After some experimentation, a method of counting the maggots
was adopted which consisted of a modification of a process devised
by B. J. Howard, of the Food and Drug Administration. In more
or less modified form the method devised by Howard is used by the
inspectors in the blueberry canneries of eastern Maine. .

The procedure for determining the results obtained on the experi- -
maental plots was as follows: The required number of berries, usually
100, was carefully counted by means of & counting board. (PL 10,
B.) After the berries had been counted, the sample was weighed."
The weighed berries were poured into a wire-sereen cylinder about 3
inches in dismeter and 9 inches high. The cylinder was made of
good quality galvanized-wire screen, 5 meshes to the inch, and the
hottom was closed by the same material. The eylinder containing
the berries was placed in a small aluminum saucepan containing
enough water to float the berries. The saucepan was placed on a
kerosene stove, and the water containing the berries was boiled for
about two punutes. While the water was heating and boiling, the
berries were gently crushed by means of a wooden pestle. The
water and berries were violently agitated to free the maggots from
the berry pulp and to wash them iree into the water. The water
containing the maggots, together with more or less berry pulp and
seeds, was then poured into a No. 10 can {or & battery jar of about
the same capacity) and diluted with water to fill the container ebout
two-thirds full. The wire-screen cylinder, containing most of the
berry skins, was agitated in the water in the No. 10 can to wash
iree &nﬁnaggots that might possibly have adhered to the residue of

erry skins.

A small portion of the water from the No. 10 c¢an, containing the
maggots, was poured into a shallow, black-bottomed pan—an ordinary
biscuit pan was used—and diluted with a little more water. The
contents of the pan were carefully examined for maggots, which
showed up in strong contrast on the black bottom of the pan. (Pl
14.) As soon as all of the maggots in the pan had been counted the
pan was emptied, and another portion was poured in from the con-
tainer. The total number of maggois found in sll of the water from
the No. 10 can represented the number of maggots in the sample of
berries. A tag bearing u serial number and all necessary data fo]fowed
each sample throughout the entire process, so that there was no
danger of samples becoming mixed.

DUSTING EXPERIMENTS IN 1926

In 1926 experiments in dusting for the control of the blueberry
maggot were undertaken on & fairly large scale. Because of the rough-
ness of the blueberry land and the lack of uniformity of the crop, and
also becanse of the likelithood of migration of flies from the surround-
ing land on to the dusted plots, it was considered impraectical to carry
on dusting experiments on very smell plots. During the season
dust was applied to six plots, the smallest having an area of 1.15 acres

1t Coants of the number of maxgots per 160 berries gove 2a accurais iodex to tho relative jnfestatlon of
the treatod ond totreated piots, but such connts gave 1o viess tudication of ithe nwinboer of maggols per

. Me.%can, As the number of maggots per Ne, 2 cun bs the basts of estimotes used by the cunners, 1L Seerms

dasirabla to expresa resulls from Lha experlmental trestments on this basis as well 85 on the bauls of maggots

wor 300 berrles. Twenty onneeg of raw berrles are consjdered egulvalent to one No. 2 cau of the processed
[:-err!es. Hence, by wolghing the samples of batries from the exper]mental aress, the rosults may be expressed
as moggots Fer No, 2 ean.
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i 4nd-the latgest having an aren of 4.82 acrés. No plot measured less

‘than: 200 feet. in length or width.” Each plot was carefully selected
40 include Jand as nearly uniform as it was practicable to obtain, and
“:¢ach hed & history of heavy infestation during past seasons. - The
_plote were rectangular in shape, and were laid off by means of compass
" and tape. . Kach plot was marked off in squares by stakes set at 50-
{oot intervals in éach direction and was divided into lanes 50 feet wide
‘by.mesns of heavy white cord extending across the plot on each line
of stakes. This marking served to guide the men in applying the dust
and also indicated the sampling points at picking time. A portion of
ench plot was dusted, and a comparable area was reserved, untreated,
‘as % check plofa
The plots were dusted by means of crank-type hand dust guns.
In dusting the plots, three men worked abreast.  Together they
covered & strip 25 feet wide, making one trip across the plot and back
to dust one 50-foot lane, The dust was applied during the early
‘morning hours, when the atmosphere was calm and while the plants
were web with dew, except in the case of plot 6, which was dusted in
the afternoon. An attempt was made to apply the dust as nearly
&8 possible at the rate of 6 pounds per acre, but it was found very
difficult to gauge the application accurately, and the amount of dust
actually aepplied usually ran considerably higher than 6 pounds per
acre. Plots 1, 2, and 3 received four applications of dust during the
season, and plots 4, 5, and 6 received three spplications. Flots 1 to
4, inclusive, were dusted with caleium arsenate, plot 5 was dusted with
lead arsenate, and plot 6 received lead arsenate in the first applica-
tion and caleium arsenate in the last two applications. Complete
data concerning the dates of application, material used, and time
consumed are given in Table 20.

TanLe 20.—Data relating lo plots dusted in 1526
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. mspﬂs OF DUSTING IN 102 B )
" “Results were obtained by examining a series of samples, each con-
ta.zmn(giS{)O berries collected from points well distributed over esch
treated: plot, and a similar series from esch vheck plot: No sample -

' was taken either in the check plet or in the treated plot nearer than = -

50, feet from the margin'of the dusted ares. The records of these -
exeminations are contained in Table 21, The reduction in infeste-

- .tion due to the dust applications was in general quite satisfactory.

The greatest reduction was obtained on plot 4, on which s contrel of 99

- Der cent was secured, This plot received three applications of cal-

-cium arsenate. The lowest reduction in maggots occurred on plot 5,
- with o control of 42 per cent. This plot recerved threeapplications of
- lead arsemate. It is doubtful if the comparatively unsatisfactory
-resulis obtained on this plot were due to the use of lead arsenate.
Nevertheless, the comparison certainly does not indicate that lead
. argenate is superior to caleium arsenate, and as the latter is much
' cheaper there is a distinct advantage in its use. :

" FaBuE 21.—Resulls of dusiing &'or (t:oni?l a,}‘gték; blueberry maggot, Wushington
: ' ounty, Me.,

" Anplications : mg%:tglg;r EOO Reduc- Mamtga%er No, 2
Hon in
- e -
. |Mum- Cheek | Trasted Check | Treated

ber | Material Tlot | plot Bearies plot plot

Galehumn ar. : }1:;;:3‘; fq;.‘sn;béra %Pes;u?tszg ?}12?* f::b z:r 4195.0:= 2.6
alclum ay. T 1923030 1. 1350, 06, 5 16253, 6418, %) 7.6 5,415, _
..... o...... 3T 2o 2 v 5ea3] 2,30, 800105 2. 8104 2 5. 0}10. 5= 2.9}50. 6+ 2.3
5 14,606,261, 8186 3 3, 5|25, 4-£64. 0136, 1+ 8. 6185, 8 3,9
38.768) 0. 4:4-0.2(80. 0 1.7\208,35:30.6] 2,04 0.800.0 .4

16027 8. 7oL 8142 0-E15. 6 72 8£18 635, 43: 6,051, 412,68

535046 18, 123, 189 9= 8. 41255, 0£22. B|78. 1413, 709, 1+ 6.0

The season of 1926 seemed especially favorable for the control of
the blueberry maggot by means of dust applications, Atmospheric
conditions during the dusting pericd were favoreble, and a study of
Table 22 indicates that there was only slight rainfall during the effec-

- tive period of the freatment. The applcation of dust by mesans of
hand guns proved much more practical than was snticipated at the .
outset of the work. It was apparent, however, that because of the
time and labor involved, hand-duster methods are applicable only
to yery small areas and that if control of the maggot by dust appli-
cations were to be placed on a practical besis it would be necess

to devise some ch2aper and more rapid meens for applying the dust.
It was elso apparent that it would be necessary to reduce the number
of applications, if the method were to be applied to any but the
‘more productive blueberry land.
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) T.mm f2.—8ﬂmmary- _é_f raz'u?alf, résords -fdr five days following each dus! applica-
" tien for coniral of the blueberry maggal, a‘a_rhi_ngton County, Me., 1928 .

’ First applieation | B . Seconc: application

dos within aoys pl-
olenns| Sreda3e (T | o gers| i

PlotNo. - | . | pgimise| Ralns Reinless

2
3
g

Number Number Tach
1 2 a.

RGO

Third applicatlon Fourth applicstion

; Ralng Rains
Raloless | ooienin ipi Rainless | gipin

days fiva days d8ys lnoe days
following | tliowing allowing| syligwing

Nunber | Number Number | Number
2 2 3 0 2

0 1
& 0

1 indicates rain within 24 hours aiter applicstion.
DUST APPLICATIONS IN 1327

During the seasom of 1927 a large power duster (similar to the
machines used for orchard dusting) mounted on a heavy farm wagon
was employed to distribute the dust. The plots, as indicated in

"Table 23, were considerably larger than these employed in 1926.
The largest plot dusied by means of the power machine had an area
of 16.07 acres, while the smallest measured 3.44 acres. The average
ares of the plots treated by means of the power duster in 1927 was
11.66 acres, and the total area dusted was 58.31 acres. Again the

- plots selected for dusting had a history of heavy magglot infestation,
and each area selected was as nearly uniform as possible with respect:
to topography, stand of berries, degree of burn, etc. The plots were
marked off in 100-foot squares by rows of stakes, which served as
guides in dusting and in collecting the berry samples at piclding
time.

TarLe 23.—Data relating lo plots dusted wilh caleium arsendte in 1927
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The duster crew consisted of three men—one man to drive the team,
one man o handle the nozzle from the rear of the duster, and one man
to observe the work and to indicate the route for the driver. In
making ‘the application, the duster was driven across the blueberry
land at 100-foot intervals. As the duster proceeded along its route,
the nozzle of the machine, pointing backward and slightly upward,
was kept constently moving ‘rom side to side. In this way it was
found possible to throw the dust cloud te & distance of 50 feet on each
side of the machine, thus dusting a strip 100 feet wide. At first it
was feared that the team and wagon would trample down an excessive
quantity of blueberries. It was soon found, however, that the Injury
from this source was so slight as to be negligible. The applications
were made during the early morning hours, while atmospheric con-
ditions were favorable and the plants were covered with dew. Cal-
cium arsenate was used for all applications this season. Table 23
indicates the dates of the applications, material used, area dusted,
and the rate at which the work was accomplished.

During the season of 1927 the results were obtained by collecting a
series of 100 samples, each containing 100 berries, from 100 points
well distributed over each dusted plot and & similar series of samples
from each check plot. These samples were picked by hand, approxi-
mately 100 berries being collected from an ares 10 feet square at each
sampling point. 'These berries were taken into the laboratory, where
exactly 100 berries were counted from esch field sample, 'and the
number of maggots was determined for'each sample. Table 24 shows
that on the whole the percentage of reduction of maggots in the
berries was satisfactory. The must favorable results were obtained
on plot 4, with a reduction of 94.7 per cent, and the least favorable
on piot 3, with & reduction of 35.3 per cent.

TaBLE 24.—Resulls of dusting for conirol of the biyeberry maggol, Washinglon
ounty, Me., 1927

51 iled -
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Weather conditions during the season of 1927 were less favorable
for the control of the maggot by dust applications than during 1926,
The season of 1927 was rainy {Teble 25), and the recipitation during
the dusting period was heavy. In the case of plot 3 (Table 24), on
which the poorest results were obtained, there was o precipitation of
3.58 inches within five days after the first application and 0.35 inch
within five days after the second application, and raiu lell within 24
bours after each appliention. In the case of plot 4, on which the besk
results were obisined, there was 2.79 inches of rain within five days
of the first application and 0.2 inch within five days after the second
application. Two days without rain followed the first application,
- and sfter the second application there were four days without rain.
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Hraptie 25.—Summary of roinfall records for fine days following cach dust gpplica~
tion Jor cantrol of the blucberry maggot, Washington County, Me., 1827

First application Second npplication

Rains Rains
within within
five doys five days

Rainless
¥2 ¥5
following following | roljowing

Rrinless
qn

:
2
3
g

Number Nugber
4 2

)

ol &
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O3 G £ b 5 B B
B3 @i B BS ED
BEERLHER

' ¢ indicates rain within 24 hours alter splication.

It had been suggested that the addition of powdered sugar to the
calcium arsenate might make the meterial attractive to the %luebe
flies, thereby increasing the offectiveness of the material. Accord-
ingly, two plots, of 2.75 acres each, were treated by meens of hand
dusters. On plot 6 two applications of calcium arsenate were made.
On the same dates plot 7 received applications of c¢alcium srsenate
with which XXX X confectioners’ sugar had been thoroughly mixed
at the rate of 1 pound of sugar to 20 pounds of calcium arsenate. At
picking time, when results of the treatment were compared, it was
found that the percentage of reduction in infestation was not quite
so satisfactory on the plot receiving the application of calcium arsenate
with the addition of sugar as on the plot receiving calcium arsenate
glone. The results of the treatments are shown in Table 26. Because
of the low initial infestation this expertment js probably not conclusive;
however, it does not indicate that the addition of sugar is especially
beneficial, and as very satisfactory results were obtained in other

eriments without the addition of sugar, no further work along
this line was undertaken. -

TapLe 26.—Coniparison of resulls of dusiing with caleium argenale alone and with
calcium arsenate and confectioners' sugar (20 tol), 1827

MMaggots per 100 berries ! Maggots per Mo, 2 can

Piot No. Material ! check | Trented | Red Trasted
eck T edug- . Treata .
plat plot tlon Check plot plot Rednction

I Number | Number | Per cent | Number | Numtber Per cend

Calelum srsenats alone_...| O 90 1) 0.3-0.006. T4 3.7 14 a2, 1) 444L3 70,0 8.2
7 Caleiom srsenate and con- g 3| .63 133 4£13.3 14,6821 70417 48, 213, 9
Teetioners' sugar {20tol}.

t Flrst opplication July 10; second application Tuly 28
I’ t}‘arty satuples, each containing 100 borrles, were examined from Lha dusted plot and from the check
plot.,

DUSTING WORE OF 1928

In the spring of 1928 it appeared that applications of calcium
grsenate gave promise of becoming a practical method for combating
the blueberry maggot. In view of this fact, it seemed desirable to
conduct an investigation to ascertain the most expeditious method
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for applying dust to the blueberry land on a large scale. Because of
the necessity for applying thergust within a short space of time,,
because of the large areas devoted to blueberry growing, and because
of the favorable topography, it seemed that this project offered an
exceptional opportunity for the em%loyment of airplane dusting.
(Pl 1, A) Accordingly, 13 plots (Table 27) were laid out to be
dusted by means of sirplane. ~These plots varied in area from 35.81
acres 10 102.84 acres, the average area was 58,34 acres, and the total
ares of the airplane plots was 758.48 acres. As four of the plots
received two applications of dust, the total ares actually dusted by
airplane vras 1,016.52 acres.

TaABLE 27.—Record of flying time and caletum araenate used in airplane dusting for
control of the biueberry maggot, Washinglon County, Me., 1928

Approx- Estf- | Flyving
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11t was aitempted Lo apply 6.5 pounds of dust per afre.  Ir most cases slight excess was addad to allow

w. .
take plat BA vecelved ouly 4.57 pounds of dust per aere, The averagze for ali other plots wag
5.81 pounds per aera,
¥ 10 hours, 48 minutes,
3 bours, 49 minptas,
4 14 hours, 28 minttes.

Experimental work with the ground mechine in 1928 included
five plots ranging in area from 8.03 to 15.95 acres, with an average
area of 11.91 acres and & total area of 59.56 acres, Table 28 gives
complete data concerning dates of application, area of plots, material

used, and the rate at which dust was applied.
Tarue 28—Dote reluting lo plots dusted with horse-drawn power duster, 1928
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o ;éu.-complete account. (9) of the dusting work of 1928 has been pub-
lished as s, comparative study of the use of the sirplane and the ground
naachine for dusting blueberry land. )

The results were determined on all of the plots dusted by ground

‘machine and on six of the plots:dusted by airplane. (Tables 29 and
30.) The six plots of the airplane series, upon which results were
determined, were selected because of favorable conditions for study-
ing the results or because of & desirsble range of topography, ete.

RESBULT® OF DUST APPLICATIONS IN 1828

Taprz 20.—Results of dusiing with ground machine for control of the blucherry
: maggot, Washington County, Me., 1928
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On the plots receiving two applications of dust from a ground
machine, the percentage reduction in number of maggots rang
from & minimum of 82.8 per cent to a maximum of 93.5 per cent, with
an average reduction of 88.6 Per cent. The plots receiving only one
application of dust showed less favorable results. The results on
plot 4G, however, indicate that one well-timed application made
under favorable conditions may be very effective. ‘The average re-
duction in maggots on the two plots given one application of dust
by a ground machine was 62.6 per cent. Complete results are
shown in Table 29. -

TapLy 30.—Resulis of airplane dusting for control of the blucherry wmaggol,
ashinglon Counly, Me., 1928

Applications Mnggots per 100 hetries Maggots per No. 2 ¢can
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Two applications of dust by sirplane (Table 39) also resulted in &
satisfactory reduction in the number of maggots present in the berries.
The plots receiving two applications of ¢ cium arsenate by airplene

. ghowed an average reduction in number of maggots per 100 berries
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of 82.2 per cent, a mininwum reduction of 76.7 per cent, and s maximum
reduction of 91.3 per cent.

A single application by airplane does not appear to yield such satis-
{actory results. The best result secured on & piot receiving one
application by sirplane was a reduction of 47.6 per cent. The aver-
age reduction on the three plots receiving single applications by
airplane was 10.2 per cent.

As of weather records for the dusting season of 1928 is
given in Tabfe 31.

TasLe 31.—Summary of rainfall records for five days Jollouring each application
of caleium arsenate for the control of the blueberry magyot, Cherryfield, Me., 1928

First appleation wrund apim.aation

Raios Rzins

Rainless| it | Procipi- Rainless! Lithin | Precipr- -
‘.']1?){3 fol- 1 Sdays | “tafion dlnys_foi- 5days | tatlon
BE ) ollowing OWINE | roltowing

Number | Inches Nusnber
¥ LR 4

—eef July 18
-] Juiy 8
.-ap July 12
o] July 22
July 27

-
e (30 b D RS D s
Ll A SR T A LR X

¥ Serias A, airplane plots: sorins G, prannd-machlpa plots,
14 Indlentes roin within 21 haurs afier appliention,

COMPARATIVE EFFECTIVENESS OF GROUND MACHINE AND AIRPLANE

When caleium arsenste dust is applied under favorable conditions
it n}lnpenrs thet applications by means of e ground machine and an
airplene should be about equally effective m controlling the blue-
berry maggot. That this is actually true is indicated by plots 24
and 2G, which were dusted by an airplane and & ground machine,
respectively. These two plots were located within s, few hundred
feet of each other, and a single check ares served for both plots.
The land was level, free from trees, and in every respect favorable
for airplane work. The treatments by sairplane and by ground ma-
chine were applied on the same mornings,July 18 and 29, each plot,
receiving two applications during the season. Although the applica-
tion of dust by the ground machine was considerably heavier than
that made by the airplane, the percentage of rednction of meagpots
was not materially different in the two plots, the maximum being
91.3 per cent on the airplane plot and 93.5 per cent on the ground-
machine plot. (Tables 29 and 30.)

DUSTING IN 1929

Because of the impractical nature of airplane dusting under the
conditions of blueberry culture in Washington County, Me., the sir-
plane work was not continued in the summer of 1924, Durinhf this
season five plots (T'able 32) were dusted by means of & horse-drawn
power machine. The plots ranged in ares {rom 14.92 to 22.73 BCTES,
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_ swith an average of 17.58 acres, and & total area of 87.92 acres. The
. work during the summer of 1929 was considerably hampered by bad

" westher conditions, which delayed the application of the dust.
Atmospheric conditions were often unsatisfactory when the dust was
applied to the plots, Weather conditions following the applications
were Tather favorable for the treatments as the rainfall was Light.
(Table 33.)

TapLe 32.—Data relaling to plots dusted with horse-drawn power dusler, 1923

Ploi Ne. dtsnéd Date of application qgﬁ“;gg:‘p‘ Dust used
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TasLe 33.—Summary of rainfoll records for five days following each dust applica-
tion for conirol of the blueberry maggot, Washington County, Me., 1928

First appliestion Serond application

Flot No. Ralnless Rains Ralnless
dnys within days

following &Yﬁ,g‘;ﬁ; following

Ralns
within
five days
following

Number | Numbe MNumber | Number
1 1 3 Tuly 29| 10 2

1
1

10 indicates rajn withln 24 hours after applieation.

The results of the experimental work in 1929 are shown in Tables
34 and 85. The initial infestation on the esperimental plots during
this season was so low that results are scarcely dependable. ven
with the unusuelly low initial infestation, however, there was in
most of the plots e very distinct reduction in maggots as a result of
the treatments.

On plots 4 and 5 & compsrison was made of calcium arsenate alone
and & mixture of equal parts of caleium arsenate snd hydrated lime,
There was very little difference in the results obtained with these
two treatments. The infestation on the plot receiving the calcium
arsenate-hydrated lime mixture shows e reduction of 55.6 per cent,
as compared with 50 per cent on the calcium arsenate plot. While
this can hardly be regarded as a significant difference, it suggests that
_ the calciuin ersenate-hydrated lime mixture may be safisfactorily
used iz place of calelum arsenate alone.
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Tanre 34.——Resulls of dusting éoor ni;ﬂtﬁz o,; 91;:; blueberry maggoi, Weshingion
; ) unéy, Me.,

Anpplications Maggots per 100 berries Meggots per No. 2 can

Flot No,

Nheu'[r“' cﬁgﬁk prea]otted Reduction G&g%k plot Reduction

Number Per cenf Number Per cent
B4 5D M.633.0 X

18.7£21.7 8.831.0
—25.0510.8 ] A2 8+£37

Tasre 35.—Comparison of results from dusting with calcium arsenate and with
caleium argenate-hydrated lime mizture for control of the blueberry maggot, Wash-
ingltan County, Me., 1929 :

Maggots per 190 berrles Maggots per No. 2an

Matarlal

gk | Teeated | Reduction | Chreck plot Treated | Reduction

Number { Number | Percent | Number | Number Per cenf

Onleinm rrsenats LE&EGD| 09001 | 600458 | 4L 045 21 G2 1 47,3475

Caiciom amenate and
bydrated Y¥me i . ) 1.90.0 0801 | 556456 | 4L0245 I5.6EL4 | fLBEN 4

t Equal parts,

Dust applications successfully reduced infestation even when the
infestation was very low.
COST OF DUSTING

The records of tims and labor involved in the experimental dusting
are included in the discussion of the work of each season. The date
shown are useful in the making of rough, preliminary estimates of
the probable cost of trestment on a given tract of b ueberry land.
There are many factors involved which are not presented in the tables,
however, and the dats presented do not form g satisfactory basis
for estimating accurately the total cost of dusting. For example,
wenther conditions sometimes prevent the application of dust ter
the duster is on the ground and the crew is ree.cijy for work; moreover,
it often requires more time to haul the machine to the lend to be
freated than it does to make the application. Such difficulties
increage the cost of treatment, and are proportionately more impor-
tant when small plots are to be dusted.

Summing up all the experimental applications by means of the
horse-drawn power duster for the three years, 1927, 1928, and 1929,
a total of 205.79 acres was treated. The dusting outfis, es operated,
with two horses, a driver, one man to handle the nozzls, and one man
to assist, applied the dust at an average rate of 18.4 geres per hour.
In addition to the sctual application of the dust, a considerable
amount of labor was involved in meagnring and marking off the arees
to be dusted. Much more time was spent ip laying off the experi-
mental plots than is required for commercial dusting.  However,
the growers have found it practical to make g fairly accurate estimate
of the area of the plots to be dusted and to Iny off the Iand rapidly
in lanes 100 fest; wide, indicated by stakes set in rows,
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One commercial firm kept an accurate record of the cost of dusting
a total area of 205 acres by means of a standard horse-drawn power
duster. Nearly all of the 205 acres received two applications, making
a total equivalent to one application on 370 acres. The total cost
of operations, including all labor, interest on the investment, and
depreciation of machinery, was $303.30. The average cost was
82 cents per acre for each application of dust, including all expense
except the cost of the dust. The cost of the calcium arsenate varies
with market conditions. During the season in which the estimate
of cost was made the caleium arsenste was pirchased in large quan-
tities at 6.5 cents per pound.

In the experimental work with the airplane the cost of application
grestly exceeded the cost with the ground machine. The excessive
cost of the airplane in the experimental work was to be expected,
and resulted from the fact that an area of only 1,000 acres was dusted,
which did not allow the airplane to operate at maximum efficiency.
If large blocks of blueberry land aggregating several thousand acres
were to be dusted, the proper type of airplane, efficiently handled,
might compete in price with ground machines. However, there
seems to be no likelihood that dusting the blueberry lands of
Washington County will be organized on a sufficiently large scale
in the immediate future to enable the airplane to operate e[ﬁ';ciently.
The hand dust gun is of course too slow and ineffictent to allow of
use on large areas. On areas of not more than 5 or 10 acres the hand
dust gun may be used if no power machine is available. In the
experimental worlc with hand dust guns it was found that on an aver-
age it required one man approximately one hour to dust an acre. The
speed of the work will depend upon the roughness of the land and
the number of bushes present. On open, level land the work will
go rapidly; on rough, bushy land the work will take more time.
On the whole, dusting with hand guns is slow, disagreeable work,
and is likely to be poorly done. A power duster is more efficient,
where it can be operated.

ARSENICAL-RESIDUE STUDIES

Numerous samples of blueberries taken from dusted plots were
analyzed to determine the quantity of arsenic which remained upon
the berries. The studies were made with three primary objectives
in mind: (1) A determination of the quantity of arseni¢c remaining
upon the fruit at harvest time, with the view of ascertaining whether
or not the berrtes from the treated plots contained an excessive
guantity of arsenic; (2) a study was made of the uniformity of the
distribution of arsenic on the dusted plots; and (3) the determinn-
tion of the duration of the arsenical coating on the plants and the
effect of rain in removing the arsenate.

ARSENICAL RESIDUE ON BLUEBERRIER AT HARVEST TIME

The analyses of samples of blueberries taken from the dusted plots
during the seasons of 1926, 1927, 1928, and 1929 are shown in Tables
36 to 39. A study of theresultsof these analyses shows that m general
the residue was not excessive at picking time when the dust was
properly applied at rates of 8 to 7 pounds per acre.

74544°—382——5



http:experiment.al

66  TECHNICAL BULLETIN 275, U. §. DEPT. OF AGRICULTURE

TaBLE 36.—Arsenical residue on blueberries from dusted plots, 1926

Days Residus
Datesam- Appli- since | Dust | of As:Os

ple was | cations Materlal used last | applied

i dust
picked |of dost appli-
eation

Number| Number
8 Picked by hand.

0.
Picked with rake.
Picked by hand.

Do,
Do.
Da.

11

D,
11 . Plcked with rake,
Lend arseoate (1), calciu: 16 Picked by hand.
arseoate (2 and 3),

& e B e afn b Sl bt bl et

TaBLE 37.—Arsenical residue on blueberries from dusted plots, 1927

Dah]a iDnslfgs I;uiidge
sampie |sinee last| of AssOs -
was_ | dust ap- [per pound Romarks
pickud ? | plication | of berries

Dust
Plot MHo. npplied
per acre !

Numbher | Crain
[Aug‘ 5 7 0.0 | Baked. East side.

to.. .. T » . West side,
Aug, 13 15 | Trace. . East side.
15 Trire. . West side.

Povudy
12,41

0.
Handg picked. West sida,
Hapd picked. Iagtside.
Haoked, Woesl side.
Raked. Enast side.
Raked, West shde,

Duo.
Rak%d. Entire plot,

884

13.00

Do.
Hand picked, Entire plot.
Rnkf)(l. Entire plot.
0.

Da.
Taood picked. Entire plot,

EaBEn.unheeiFEE

Ey

12.72

8

LAk
=

! Each plot recelved two n{zp‘licntions of caleivm arsenate.
f Commercial harvest of the berves on lhe Hots begun ont the followiog dates: Plog 2, Aug, 21; plot 3,
Aug. 23: plot 5, Aug, 14; plat 6, Aug. 18; plot 7, Aug, 18,

TapLE 38.—Residue on dusted blueberries al {ime of harvesi, 1828

Date | Days Resitiue
sam[ile ‘tilclsirzg?f sioce lost ﬂ]]:-)plﬁé(l ol A50
wag dust an- per acre per pound

Ploi No.
pieked | 995t | Bligation of berrles

Number | Number | Pounde
Aug, 15 2 17 13.2

Aug., 16 131

Aug. 20 6.8

Aug, 17 408

Aur, 14 0.6

Aug. 16 16
do.o.. 17
Aug. 2 33

I Berjes A dusted by means of nirplane; serles & dusted by wesns of ground machlns,
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Tanrie 30.—drsenical regidue on blucberries at harvest {me on plots dusied with
calcium areenate alome and with equal parts of calcium arsenate and hydrated
lime, Cherryfield, Me., 1529

Dat? Applica. ) Dn{sm I;eiid%e
. sample | sizes L of AsOy
Plot Mo, was t:g::lgtof dust ap- per pound
pleked plication of berties

Number | Number Croin
Aug. & a b

. | - 2

1 Dust on this plot consisted of colclzm srsenate alone.
* Thist, on this plob consistad of equal parts of calcium atsenste and hydrated lime,

Tn 1826 the total quantities of arsenic applied were large because
of the fact that three or four applications were made on each of the
plots. As much as 38.33 pounds of calcium arsenate per acre was
applied, and applications were continued to within 10 days of picking
time in some instances. 'The highes$ residue recorded in that season
was 0.036 grain of arsenic trioxide (As,0z) per pound, which, of course,
greatly exceeds the tolerance. However, even such a residue is nob
surprising in view of the large quantity of dust applied and the fact
that in the case just mentioned only nine days had elapsed since the
last application was made.

The excessive residue, as well as the cost of making three or four
applications, necessitated the reduction of the number of applications
;))f dust to the blueberry land in order to place the process on a practical

A518.

Tn 1927 the number of applications was reduced fo two. Table 37
indicates a great reduction in the arsonical residue as a result of
the decreased rmount of arsenic and the heavier rainiall that followed
the dust applications. It will be noted that in no case was there
residue enough on the berries at picking time to oxceed the tolerance.

In 1926 and 1927 in certain cases parallel samples were taken, one
sample being picked by hand and another sample collected by means
of 2 rake. (Pl 2, BY) In these samples the hend-picked berries
ran o little lower in arsenic than the ralke-picked berries, suggesting
tha}t some of the arsenic was removed by handling. (Tables 36 and
37.

In 1928 the rainfall during the dusting period was not far from
normal, and little difficulty was experienced in respect to arsenical
residue on the fruit. In the cese of the plots treated by means of air-
plane the residue as a rule ran exceedingly low, which is probably
due to the fact that the distribution tended to be quite uniform on the
airplane plots and because & considerable amount of the dust put out
by the nirplane was blown sway from the plots before it settied, On
one of the ground-machine plots this season (2 G) an excessive quan-
tity of dust was used in the second application, and the result of this
is shown in a greatly increased residue. The two samples taken from
this plot contained 0.034 and 0.038 grain of As,O, per pound. This
indicates the necessity for very careful observation of the machine
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while the dust is being applied, to avoid excessive applications of
poison.

In 1929 the application of dust to the experimental plots was very
cerefully regulated, and it was found possible to keep the quanbity
of dust applied within the limits of 6 to 7 pounds per acre. The dust-
ing period in 1929 was not marked by much rain, and yet the residue
was not excessive.

UNIFORMITY OF DISTRIBUTION OF ARSEXIC BY GROUND MACHINE

In 1927 s series of samples was taken in a dusted plot to ascertain
the uniformity of distribution. The entire blueberry plant was
included in the samples, the foliage as well as the fruit. Each sample
consisted of sufficient material to fill o quart container, closely packed.
In each case one sample was taken on the line the duster traveled,
one 10 feet from the duster line, one 20 feet, one 30 feet, and one 40
{eet from the duster live. The results of the analyses are shown in
Table 40. There is a tendency toward s somewhat greater amnount
of arsenic on the samples taken nearest the duster line, especially
when a heavy application was made or when the sample was taken
soon efter the application was made. However, on the whole, there
is surprisingly little difference In the quantity of arsenic near the
duster and at a distance from the duster, showing a somewhat more
uniform diséribution than was anticipated.

FanLe 40.—Disirtbution of dust by horse-drawn power dusler and refention of
arsenic on blueberry plants, 1927

Data Days As:103, parts per million

Trst
samjile zinee f
1 {ast apli- applied

entipn | PeF acre Oefg':f:' Wleot | 30leet } 40feet | Average

Number | Potndy
Q.42

b gl

L Bl D B A Y
AW
=R R - R e
f=¥1 u‘:;laac‘nc
rEREmeRE
(=S R = T Y]
FRRIENER B B e
CRANROD D
PR miie
i S O D O 09 g
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RESIDUE OX BERRIES TARKEN FROM A CANNING FACTORY

Tn 1927 and 1928 samples were taken {rom lots of berries from dusted
land as they were being processed in one of the blueberry canneries.
In every case the arsenical residue was extremely low. In connection
with this study a small plot 100 by 200 feet was dusted on August 30,
much later than the normal dusting season, s0 as to have a very heavy
arsenical residue during the period when the factory was in operation.
From this plot 1.25 bushels of berries were picked on September 5
and taken into the factory. The sample taken just before the herries
were washed indicated 0.39 grain of As,(); per pound. Immediately
after the washing !? the residue was shown to be reduced to 0.019

11 The washiog machine used. in the study dlseussed Jo thls poragraph was not the type of washer com-
monly used for remaving maggots from tho berries in the factery, bul was o machiing Intended primariy
for the romoval of arsentical residne from tho bwrrles. In thls machine the berries werg Airst submerged In a
ot of water nngd wera then ssssd through o Hegbt sproy of sater. Tho process was mich tess vigorous thoe
the washing process for the reioval of maggots, nnd there was much lesy loss af barrles ns o result of the treat-
‘mpnt,
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rain of As,(Q; per pound. The berries were then given a second wash-
ing to determine to what extent the arsenic could be removed. The
sample taken after the second washing contained 0.014 grain of AsQ,
per pound, indicating that the second washing removed only a small
amount of arsenic, as compared with the first washing.

EFFECT OF RAIN [N REMOVING ARSENIC FROM THE BLUERERRIES IN THE FIELD

Tables 41 and 42 indicate very effectively the extent to which rain
removes the srsenical dust. In taking these samples the herries
were removed from the plants to avoid complications duse to changes
in size and weight of the berries. Qunly the stems and foliage of the
plants were analyzed. In the case of plot A and plot B in 1928 there
was no measurable reduction in the amount of arsenic on the blue-
berry foliage until after rain occurred. In the case of plot A the plants
ran 578 parts As;O, per million. Following g rain of 1.13 inches, the
arsenic dropped to 81 parts As,O; per million. In the case of plot B
there was no sappreciable reduction of arsenic on the plants from
August 14 to 17, but in the sample on Augvst 20, taken after & rain
of 0.55 inch, the arsenic had dropped #0 54 parts As,O, per million.
It is evident that the first heavy rain removes s large proportion of
the dust from the blueberry plants.

TasLE 41— Retention of calcium arsenate on blusberry foliage, Cherryfield, Me., 1528

Rains | Precipl-
since | tatiom irséo" .
Mgt |sinee lost pmill Ig);
sampla | swmple

Date
sampla Bgf:’

wo3 3
taken | dusting

Number | Number | Inehes

July ]
July 2 1. 13
216

3}-&5

e 1
ol TG b IO L
[ EI—T-T-E L =]

TaBLE 42.—Retention of calcium arsenalc on blueberry folinge, Cherryficld, Me., 1829

: Trecipi- § As:Qa, parls per
r;l?j'g: tation millinn on—

Tust sincy

fast

samjrlo | Plec i¢L | Plok 102

Days
Dato sample was tnken since
dusting

snmpe

MNumber | Nupiber Inch
July 32 e
Iy 13 L. ..

July e o

Julv 15 ..

t]
1]
0

2

. .- 0
July 27_ - c 1]
JEE T3 3 NV i




70 TECHNICAL BULLETIN 275, U. §. DEPT. OF AGRICULTURE

RE_COMMENDA-TIONS FOR THE CONTROL OF THE BLUE-
BERRY MAGGOT IN EASTERN MAINE

The results of the experimental work conducted over a period of
four years warrant the recommendation of applications of calcium
- arsenete dust for the control of the blueberry maggot in eastern Maine.
Recommendastions for making the applications under the conditions
of blueberry culture in this section may be summarized ss follows:

MATERIAL TO USE

The calcium arsenate dust used for applications on blueberry land
is the same high-grade insecticide dust used extensively for the control
of the cotion boll weevil and certain other insect pests. It should
contain not less than 40 per cent total As:0;, not more than 0.75
ver cent of water-soluble arsenic pentoxide, and have a bulk test of not
less than 80 nor more than 100 cubic inches per pound.

QUANTITY OF DUST TO USEB

The calcium arsenate should be applied as nearly ss possible at the
rate of 6 to 7 pounds per acre. Much less than 6 pounds of dust per
acre is likely to be ineffective, while too great a quantity of calcium
arsenate increases the danger of injury to the plants, and also is likely
to result in excessive residue on the berries at picking time. Great
care should be used o distribute the dust as uniformiy as possible
over the area being treated; otherwise the best results may not be
obtained and serious burning of the blueberry plants may result where
excessive quantities of the dust are applied.

NUMBER OF APPLICATIONS

On land which produces a suflicient quantity of herries to justify
the expenss, 16 is advisable to make two applications of caleium arse-
nate. On poorer land one application may be advisable. It is not
profitable to apply dust to land during the smnmer following burning,
for no fruit is produced during that simmer and the desiruction of the
flies on thisland will have no effect upon the maggot infestation during
the next summer. In some cases where freshly burned land adjoins
bearing land it may be desirable to dust a strip of 100 feet of the burned
land immediately adjoining the bearing land fo veduce migration of
flies from the newly burned ares on to the bearing arcs.

It is desirable to dust as large areas as possible, as this Teduces
the danger from flie: drifting in from unpoisoned sreas and also tends
10 reduce the unit cogt of the dusting operations. As far as possible,
no blueberries should he left untreated around the borders of the
custed areas.

DATES OF APPLICATION

~ Tha constancy of the emergence dates of the flies renders it possible,
during approximately normal seasons, to time the applications
according to calendar dates. In making the first applcation, it is
desirable to delay the {reatment os long as possible after the flies *
begin to emerge, so that the maximum number of flies will be present
when the dust is applied, but the application must be made before an
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‘gppreciable number of eggs have heen deposited in the berries, By
referring to the emergence chart {fig. 7) and to the life-history charts
(figs. 20 and 21) it will be seen that the period from sbout July 13 to
20 fits the conditions quite well for the first application. By applying
the dust to the earliest land first, and treating later areas 1ast, the hest:
results may be obtained and the dusting period effectively extended.

In timing the second appbication, it is assumed that the first applica-
tion was effective in destroying a high percentage of the flies present
at the time the dust was applied. The second application should be
made before any of the flies that emerge after the first application
begin to lay eges in the berries. In the life-history studies it was found
that the preoviposition pericd was about 13 days. Allowing for =
shortening of the preoviposition period during midseason, it seems
tbat the second application of dust should be made from 7 to 10 days
after the first, o kill the later flies before they begin to lay eggs. The
second epplication will therefore be applied from July 21 $o 30. At the
time of the second application from 7§ to 99 per ceni of the flies will
have emerged (fig. 7), and the destruction of the flies should be qnite
complete without additional applications. On account of danger of
excessive residue from late applications, it is usually well to discon-
tinue appheations after July 31, and & period of two weeks should
elapse between the last dust application and picking time.

Land that is to be dusted only once should receive an application
during the period of July 18 to 24.

The dates in the foregoing discussion apply to the blueberry lands of
Washington County during approximately normal seasons, In other
localities or during abnormally early or late seasons it may be neces-
sary to vary the dates of application.

A thorough study indicates that by very careful examination of
samples of beiries taken at frequent time intervals, newly-hatched
maggots may be detected in the blueberries when the total population
of eggs and maggots is still not great, It therefore seems that the
detection of the very first newly-hatched maggots in the berries may
serve as & practical indicator of the proper tume to begin the first
application of dust to the blueberry land. By making the observations
on the eartiest land to be found in the locality, pofice may be given
the growers of the locality in time to begin dusting operations on their
most edvanced areas.

For the observations to be effeciive, the samples should be collected
frequently, beginning just as soon as the first berries ripen. Fairly
large samples should he used, and the examinations should be carefully
done by & trained observer who is thoroughly experienced in finding
newly-hatched maggots. For most dependable results in making the
examinations the berries should be boiled and the procedure described
in this bulletin under the heading “Counting the Maggots’ should be
closely followed.

This method of timing the beginning of the first application of dust
during atnormally early or late seasons seems more satisfactory than
attempting to determine the date by cbservations on the emergence of
the flies, for it is difficult to determine, sufficiently early, exact%’ when
the flies begin to emerge in appreciable numbers,
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ARSENICAL RESIDUE AT PICKING TIME

A careful study indicates that, in easse of applications which are
mada according to recommendations, not later than two weeks before
picking, in which the vecommended quantity of calclum arsenate dust
i# used, and which are followed by normsl rsinfall, the residue of
arsexic on the fruit at picking fime 1s negligible. In very dry seasons
the dust may not be washed off so thoroughly. Great cere should
always be exercised to avoid the application of excessive quantities
of dust to the blusberry plents, and the applicstion should be made
as uniformly as possible. In any case where there may he doubt
sbout the residue being sufficiently low, the berries should be given a
light washing in the factory before canning.

SUMMARY

'This bulletin includes a summary of the results of the investigation
of the blueberry maggot (Rhagoletis pomonella Walsh), in Washington
County, Me., from the establishment of the work in 1925 until the
close of the 1929 season. :

As a commercial development, blueberry culture in esstern Maine
began some 50 or 60 years ago, and has progressed largely withous
seientific direction unfil recent years. Any effori to combat the blue-
berry maggotb efficiently must take into account the conditions under
which the blueberries are produced.

The blueberry lands consist of high, fairly level platesu land or of
moderately sioping {o steep, rocky hillsides. The soil is usually
sandy, with a surface layer of organic matter,

The coniferous forests that once covered most of this land have
been removed. The present vegetation of the blueberry land is
characterized by typical acid-soil plants. Birch and alder sprouts
and sweotfern are abundant on mosé of the blusberry land, snd much
lzbor is required to prevent these weed bushes from crowding out the
blusberry plants.

The blueberries are produced by two native species (Vaceinium
conadense Kalm and V. angustifolium Ait.), which have come on to
the land entively by natural dissemination.

The blueberry land receives Little care except for more or less
hapkazerd mowing of the vweed bushes and hurning over every third
year. The weed bushes are usually mowed in the fall preceding the
burn, and there is a growing practice of spreading a light covering of
hay on the better land just after mowing to insure a more thorough
burn. During bright, calm weather in the early spring, after the snow
leaves, but before the frost is out of the ground, the surface litter is
ignited and the fire sweeps the surface of the land cleen of vegetation.

No berries are produced on well-burned land during the sumamer
immediately following the bwn. The first berries—usually an
abundant crop-—are produced dwing the second swmmer following
the burn. During each suceceeding season the yield of berries becomes
less, until, after a few years, the land becomes prectically nonpro-
ductive if it is not burned over.

Most of the blueberries produced in Washington County are used
in the canning factories. Picking ususlly does not begin until prac-
tically all of the berries are ripe; then the land is picked clean with
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metal rakes. After they have been picked, the berries are winnowed
ifn the feld and placed in haif-bushel boxes for transportation to the
actory.

Although the first published record of Bhagoletis pomonella infesting
berries was that issued by Britton in 1908, the blueberry maggot is
apperently an insect native to the New England region. During
early years, when blueberries were of little or no commercial value,
the maggot attracted shght sttention. As the blueberry crop
increased in commercial importance the maggot bscame more trouble-
- some. In the season of 1924 the situation became acute, and it
appesared that the development of the blueberry industry would be
permanently retarded. .

The primary trouble resulting from the blueberry-maggot infesta-
tion is that any of the maggots which are not removed by the washing
process get into the cans with the berries and render the product
unsalable. Other forms of injury - used by the maggot ave often over-
looked by the blueberry producers and canners. ‘The actual destruc-
tion of berries in the field by the maggots is sometimes considerable.
When badly infested berries are picked, man of the berries are soft end
“mushy” as a resulb of the feeding of the {arger maggots. The soft
berries break down during transit to the factory, where the contents
of the boxes frequently present an unsightly appearance. The berries
web with the juice of the crushed fruit are troublesorme to handle
properly in the factory. To these losses should be added the cost of
additional factory processes necessary o remove the maggots from
the berries before canning.

Blueberry preduction and canning have become probably the most
valuable industiies in Washington County, Me.; the total income
from the bineberry industry is ssid to be more than $1,000,060
anpusily. The Industry is importent throughout the coastaf section
of eastern Maine. Anything which interferes with the industry 1is
likely to cause great economic disturbance in this section. The
blueberry maggot probably occurs o most of the important blueherry
producing areas of the Ulited States, and wherever it occurs this insect
constitutes & threat against the development of the blueberry industry.

The original technical description of Rhagoletis pomonella was
based upon & sexies of flies some of which were reared from apples
and some from hews. Since the original description, the species
has been reported as occurring on & number of other fruits, including
cranberries, peaches, pears, plums, huckleberrics, and blueberries.
During the investigations reported in this bulletin, maggots wers
found infesting three species of bluebcrries and most of the berries
found in association with the blueberries, including the bunchberry,
chokeberry, black huckleberry, mountain cranberry, dwarf service
berry, and wintergreen. Several of these berries may be of impor-
tance as reservoirs of maggot infestation.

The blueberry meggot snd the spple maggol are an example of
incipient species formation, which bas progressed so far that each form
can probably exist independentily, upon its respective host.

In genersl the seasonal oycle of the blueberry maggot 1s similar
to that of the apple maggot. The pupae overwinter m the upper
few inches of the soil. An average of 96.72 per cent of the pupae
were found within 1 inch of the surface.
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Flies begin to emerge just as the first blueberries ripen; about
July 1 in normal seasons. The month of July marks the period of
emergence, and by August 1 from 97 to 99 per cent of the flies have
emerged. During normal seasons there i apparently little variation
in the dates of emergence.

The field population of flies is characterized by several oufstanding
features: (1) The rapid rise of flies in the field ag emergence pro-
gresses, (2) the surprisingly definite peak of abundance, (3) the sharp

ecline of flies after the peak is passed, and (4) the rather short period
during which the flies are abundant in the field. :

The preoviposition period averages about 12 to 13 days, and the
oviposition period varies from 6 to 11 days. The average length of
life of flies in the field was 19 days in 1927 and 1928, and 24 deys in
1829. Late in the season the longevity of the flies mcreases.

Oviposition begins toward the end of the second week of July,
and eggs oceur in greatest numbers during the last week in July and
the first week in Angust.

The average length of the incubation period of the eggs ranged
from two to seven days.

Maggots appear in the berries during the third week of July, and
reach greatest abundance during mid-August—just after commercisl
berry picking gets well under way.

uring the second week of August the maggots begin to leave the
berries, and, entering the soil, pupate for the winter, From about
mid-August until mid-Septumber the decline of maggotsin the berries
1srapid. By late September the grest bulk of the maggots are usually
safe in winter quarters in the soil.

The pupae may le dormant in the soil for as long as four years,
snd then produce flies. The carry-over of pupae to the second
season may be as much as 19 per cent, and is probably sufficient to
account for the infestation of the new crop of berries produced during
the second summer after the land has been burned over.

Opius mellews Gshan, a small hymenopterous parasite of the
maggot, is the wmost effective natural enemy observed.

urning over the blueberry land has no direct effect upon the blue-

berry maggot, but has an important indirect effect. No berries are

roduced on well-burned land during the summer immediately fol-

owing the burn, and the maggot population is starved out, exeépd
for the pupae which enrry over in the soil to the second season.

Reguiar care of the lend—the mowing of the bireh and alder
sprouts and the removal of sweetfern, combined with thorough burn-
mg every third yesr—stimulates a greatly increased yield of blue-
berries on good land and tends fo reduce the percentage of berries
infested. Berries from the very best blueberry land, from which the
weed bushes have been almost completely removed, are seldom badly
infested with maggots.

1t seems unlikely, however, that it would be profitable, under the
prasent methods used in blueberry production in Washington County,
to niiempt complete control of the roaggot by cultural methods alone.

. The experimental work conducted at Cherryfield, Me., indicates
that dusting the blueberry land with caleium afsenate offers s cheap
and effective means of controlling the blueberry maggot,

On ereas of a few acres, the dust may be applied by means of hend
dust guns. On large areas horse-drawn power dusters are advisable.
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The sirplane has proved impractical under present conditions in
Washington Oountg.

The dust should be applied as nearly as possible ab the rate of
6 to 7 pounds per scre ab each application. It is usually advisable
to meke two apphcations of dust, but In some cases a single applica~
tion may be used.

The first application should be made during the period of July
13-20; the second application should be made 7 to 10 days after the

first application. Land that is to be dusted only once should receive

an spplication during the period of July 18-24. The sbove dates
apply to the blueberry lands of Washington County during normal
SeaSOnS.

Great care should be exercised to apply the celcium arsenate as
uniformly s possible, and not to_apply excessive quantities. When
the apphications have been carefully made, and the quantities recom-
mended have been used, no difficalty with excess arsenic has been
experienced at picking fime.
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