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CONNECTICUT STATE ENTOMOLOGIST 


FORTY-FOURTH REPORT 


WORK OF T H E  DEPARTMENT 

The activities of the Department during the past year have 
covered several phases of research ant1 control operations in relation 
to insect pests. These involve the protection of agricultural crops 
and shade and forest trees against injurious species, ancl the control 
of pests directly aflecting man, such as those found in households ancl 
those attacking man outdoors. As n preliminary step in the develop- 
ment of practical control methods applicable in the field, i t  has been 
necessary to study the biology of certain species, the general principles 
of insect toxicology, and the relation of insect attack to the health and 
vigor of plants. Certain direct control operations, as the inspection 
of nurseries and apiaries, the control of the gypsy moth and the Dutch 
elm disease, and the necessary work in connection with plant quar- 
antine enforcement have also been carried out. I n  addition to this, 
the Department is involved, to a certain extent, in rodent and mos- 
quito control operations. I n  many phases of its work, the Depart- 
ment cooperates with the Bureau of Entomology and Plant  Quar- 
antine of the United States Department of Agriculture. 

\ 

Investigations 

I n  the control of orchard pests, one of the important factors is 
the adhesion of insecticides to the foliage and fruit. I n  other words, 
so-called "sticliers" play an important role. By employing suitable 
"stickers" in the spray mixture so that the insecticicle adheres well, 
the number of applications of spray materials can be reduced without 
unduly affecting the control of ccrtqin pests of apples. This applies 
particnlarly to sprays containing lead arsenate ancl is of great prac- 
tical importance in the economic procluction of fruit. I n  such a 
reduced schedule the concentration of lead arsenate in the spray mix- 
ture must be increased, and the fungicicle used must be compatible 
with the other ingredients. Satisfactory control of scab, European 
red mite, curculio ancl apple maggot has been obtainecl. The prob- 
lem of a toxic resiclue of arsenic on the apples a t  harvest is not acute. 
The results of these investigations have been published in Station 
Bulletin 485. 

The insecticide known as D D T  [2,2-bis (parachlorophenyl) 
1,1,l-trichloroethane] has shown promise in controlling the oriental 
fruit  moth on peaches and quinces and the-apple maggot on apples in 
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laboratory and field esperiinents. Satisfactory control of the peach 
tree borer infesting nursery trees has been obtained, by applying a 
low concentration of D D T  to the bases of the trees in June. 

The plum curculio is a serious pest of f r i ~ i t  in Connecticut and its 
control is frequently a problem. The activity of the curculios and 
hence the clamage to apples may be correlated with mean tei~~peraturea 
above 70" I?. in the spring following the petal fall periocl (page 339). 

The European apple sawfly has recently been found in several 
apple orchards near the shore. The larvae bore into the fruit in a 
quite characteristic manner. The  future status of the sawfly as an 
apple pest is yet to be determined, but its control may not offer any 
serious difficulties (page 341). 

The utilization of parasites and diseases for the control of insect 
pests has been given considerable attention for several years. The 
propagation and liberation of Macrocentrus ancylivorus for control 
of the oriental frui t  moth in peach orchards was carried out in 1944 
a s  in previous years (page 330). The Connecticut Pomological Socie- 
t y  cooperates actively in this program. Three insect parasites and 
one bacterial parasite of the Japanese beetle have been widely distrib- 
uted in the State and their progress watched (page 331). The inci- 
dence of "milky" disease of grubs, causecl by the bacterium, is increas- 
ing in  many areas. The 'Lmilky" disease organism has been studied 
in the laboratory with the aim of gaining a better knomleclge of the 
mode of infection, the spore dosage required to cause disease, the 
pathogenicity of the bacterium to the grub, the transmission of the 
disease, and the factors affecting its spread and potency. The results 
of these investigations will be published in a Station bulletin in the 
near future. The two parasitic wasps of the genus Tiphia, which 
parasitize grubs, and the tachinid parasite, Cenfeter cinerea, which 
attacks adult beetles, are established in certain towns. 

The adult Japanese beetle is a pest of many trees, shrubs, and 
herbaceous plants, among the latter, soybeans. Field experiments 
planned to develop a method of control on this crop by spraying with 
certain insecticides did not yield very conclusi~re results due to the 
light infestation in 1944 (page 405). ' 

The eastern field wireworm, Limonius agonus Say, is a serious 
pest of potatoes, and its practical control offers inany clificulties. The 
principal crop loss brought about by wire~vonn activity is the degrade 
due to feecling holes in the tubers. The biology of wireworms, feed- 
ing activities, and the possibilities of control by baiting and by use of 
insecticides are being investigated (page 344). 

I n  addit,ion to the studies of the use of DDT on orchard pests 
mentioned above, the efficiency of this insecticide in controlling pests 
of vegetable crops has received attention (page 348). The control of 
flea beetles on tomato and potato plants was satisfactory, although a 
transient injury to the foliage of tomatoes occurred. I n  the control 



TVorlz of the Department 

of the European corn borer on potatoes and corn, the results with 
DDT comparecl favorably with those with rotenone in derris. The 
control of potato leafhoppers was excellent. 

The practical control of the European corn borer involves not 
only a consicleration of the toxicity of certain insecticides and their 
application but also the relations of the corn plant to the survival of 
borers and their injuriousness. The  results of our investigations to 
date will be published in a forthcoming Station bulletin. 

Dithane (disodium ethylene bis clithiocarbamate) , originally 
developed as a fungicide, was found by the manufacturer to be tosic 
to insects feecling on the foliage of plants mhen applied in solution 
to the soil where i t  could be taken up  by the roots. I n  our experi- 
ments with beans and potatoes, the use of this material reduced the 
population of insects feeding on the parts of the plants above ground 
(page 353). 

The use of cryolite as an insecticide has increased markedly dur- 
ing the last few years. For  the control of pests of vegetable crops, i t  
is usually applied as a clust diluted with some sort of carrier. The 
nature of the carrier used affects the toxicity of the cryolite, for a 
cryolite-talc clust ( p H  9.1) was found less toxic to certain insects than 
a cryolite-pyrophyllite dust ( p H  7.0) (page 357). It has long been 
known that  cryolite shoulcl not be mised with hydrated lime ( p H
about 12.0). We have found cryolite clust to be more effective than 
cryolite spray in controlling the Alexican bean beetle. 

The application of any insecticide or  fungicide to the foliage of 
plants is probably injurious to some extent. Benefits from the use 
of such chemicals arise mhen the pests injure the plants more than 
do the insecticides and fungicides. Bordeaus mixture injures potato 
plants, and in the absence of pests causes a decrease in the yield of 
tubers. This problem of injury by Bordeaux has been stuclied in co- 
operation with the Department of Plant Pathology ancl Botany and 
discussed in a paper published elsewhere. 

DefoIiating insects frequently attack elms, sometimes with dis- 
astrous results. Our shade trees are sometimes completely defoliated 
by cankerworms or elm beetles, or both, two or three years in suc- 
cession. Jus t  how conducive this is to attack and injury by other 
deleteriolis agents is not always clear. The results of a two years 
study of the effect of defoliation are given on pages 358 to  373. 

Borers affect ornamental trees and nursery stock as well as trees 
growing in the forest. The dogwood borer is commonly found in 
doqwoocls in this State and is particularly injurious to ornamentals. 
The biology of this insect has been stndiecl ancl a satisfactory control 
method developed (page 373). 

Household pests frequently occur in such numbers as to be ex-
tremely annoying even when not injurious to health. Such an out- 
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break of the incinerator beetle occurrecl in it11 apartment house last 
minter and is discussed on page 411. 

The corpora allata of insects are glancls of internal secretion, pro- 
ducing one or  Inore hormones of great physiological signiiicancc. The 
general structure of these organs in nlosqriitoes is discussed on page 
396. 

Control Operations 

The inspection of nurseries (page 305) and apiaries (page 313), 
plant quarantine enforcement, and gypsy 1110th (page 319) ancl Dutch 
elm disease (page 322) co11ti.01 nTere carried out as usual. The Depart- 
ment cooperates with the Unitecl States I ~ i s h  and Wildlife Service 
in rodent control, ancl a brief report of this n-ork is found on page 329. 
The Director of this Station is Chairman of the State Uoarcl of 310s- 
quito Control and the State Enton~ologist is Fiscal Agent of the 
Soard. The report of the Deputy in charge of lnosqliito control is 
publishecl here as a matter of convenience (page 323). 

Prevalence of Insect Pests 

Some of the insect pests of orchards mere Inore abundant in 1944 
and others were less so than in previons years. The Japanese beetle 
(Popillia japonica Nenrin.), which is injurious to lnany plants as well 
as  orchard trees ancl grapevines, was less abundant over mnch of Con- 
necticut than in the immediate past. This rlecline was particularly 
noticeable in the south~vestern part  of the State. I n  the Naugatuck 
Valley, the infestation was some\~~llat heavier than in 1943, and the 
same is true of the northeastern part  of the State, although in this 
latter region the injury to plants was negligible. I n  southern Con- 
necticut, the sunimer clrought was severe, and this uncloubtedly was in 
great part responsible for  the lnarltecl decline in the abundance of 
grubs in the soil as compareel to 1343. 

The most interesting developlnent in apple pests was the discovery 
that  the European apple sa~vlly (Hop7ocamnpa testudinea Klug) was 
present in Inany orchards along the shore. This insect is  discussed 
later in this report. The San Jose scale (Aspidiotus perniciosus 
Cornst.) increasecl in abundance in apple orchards in the central par t  
of the State during the past year. Injury by the apple reclbug 
(Lygidea mendax Keut.) appears to be increasing. Early in the sea- 
son, the Eu1-opean red mite (Paratetranyclius pilosus C. ancl l?.) and 
the green apple aphid (Aphis ponti DeG. j \Yere abunclant in some or- 
chards but failecl to clo n ~ u c h  harm after July. Cornstock's mealybug 
(Pseudococcus conzst~cki Iiuw.) threatened to become injurious in sev- 
eral orcharcls but the developinent of an outbreak was apparently 
checked by parasites. A serious outbreak of the eye-spottecl budmotll 
(Spilonota ocel7ana Schiff.) occiirrecl in one orcharcl in JIic1clleficld. 
The tentiform leaf miner (Callisto geminatelk Pack.) appeared in  
several apple orcharcls during the summer. The plum curculio 
(Conotruchelus mnuphar  Herbst) mas less abunclant in apples than 



I t'ol,k of the Jlepartntent 305 
i 

in 1943 but seems to have concentrated on plums and peaches. The 
white apple leafhopper (Typhlocyba poma& McAtee) was not very 
abundant. The codling moth (Carpocapsa pomonella L.) was no 
lnore abundant than in 1943 and the infestation declined in  the or- 
chard where i t  was most abundant that  year. 

The infestation of the oriental frui t  moth (Grapholitha rnolesta 
Busclr) on peaches was generally low throughout the State. 

Injury in pear orchards by the pear psylla (PsyZZia pyricola 
Foerster) was moderate to severe. 

The strawberry weevil (Anthonomus  signatus Say) cut about 50 
per cent of the buds in a small patch of strawberries in Branforcl and 
about 10 per cent in a large field nearby. 

According to a survey made by the federal Bureau of Entomology 
and Plant  Quarantine under the direction of Vance, the European 
corn borer (Pyrausta nub i ld i s  Hiibn.) was less abundant in the fall 
of 1944 than in the corresponding period in 1943. The number of 
borers per 100 plants in the fields surveyecl is given below. I n  the 
summer the infestation was somewliat lighter in 1944, 7.4 borers per 

County 1943 1944 
Fairfield .... 177.4 
Hartford 970.8 357.8 
Litchfield .... 99.8 
l f iddlesex  484.4 110.2 
New H a v e n  979.2 68.0 

plant, than in 1943, 9.5 borers per plant, in the fields sampled. The 
distribution of this pest \\-as irregular. A t  Mount Carmel, the infes- 
tation on early sweet corn was the highest on record, about 3,000 larvae 
per 100 plants, including tillers. The second generation a t  the salne 
locality was light, about 400 larvae per 100 plants. -According to 
Clark of the federal Bureau of Entornolog and Plant  Quarantine, 
the parasitism of this insect by all exotic insect parasites in the Con- 
necticut River Valley in Connecticut ancl B.lassac1iusetts was 11.6 per 
cent in the close of 1943.l The parasitism by Lydella gm'sescens was 
1.2 per cent, by Znureokta pzin,cto&, 6.8 per cent, and by Jincrocen-
tms gifuensis, 3.6 per cent. Mncrocentmcs qifuensis is increasing in 
abunclance in Connecticut ancl is now present from Long Island Sound 
to the center of the State, west to S e w  Haven, and east to TVillinlantic 
and New London. 

Vance estimates that  the corn borer causecl a loss of $32,805 to 
grain corn and $106,693 to sweet corn in Connecticut in 1944. This 

lClark (uIs.D.A., Agr. Res. Adm., Bur. Ent. and PI. Quar., Insect Pest Survey
Special Suppl., May  20. 1945) has reported the results of corn borer parasite collec-
tions in 1944. One hundred sisty-eight thousand corn borer larvae were collected in 
central Connecticut that yezr an(l 13 .908  intro luced parasites were rearerl from them 
as follows: Znareclata punctoria Roman 1 2 . 0 6 2  ( 7 . 2  per cent) ; Lydella grisescens 
R. D. 1 . 4 4 1  (0.2 per cent) ; illacrccentrus gifuensis Ashm. 400 (0.2 per c e n t ) .  Chel-
onus annulipes Wesmael 5 .  These were distributed in borer-infested areas from' North 
Carolina north and west to Wisconsin ant1 Iowa. Four specimens of a native parasite, 
Bassus agilis Cresson, and one specimen of Meteorus sp. were also reared. 
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represents about 7 per cent of his estimate of the value of the grain 
corn crop and about 14 per cent of the value of the sweet corn crop. 

The flea beetle (Ep i t r i x  cucumeris Harris) was abundant and in- 
jurious to potatoes antl tomato plants early in the season. The potato 
leafhopper (Bnzpoasca fabae Harris) was moclerately abunclant. The 
wi~.e\vol.lli(Limonius agonus Say) was more prevalent and injurious 
than cluring the previous year. The European corn borer infestation 
on early potatoes was moclerate, much less severe than in 1943. The 
federal Bureau of Entomology and Plant  Quarantine conducted two 
surveys, one for  the golden nematocle (Nelerodera rostocltiemis), 
wliic.11 is a recently discovered pest of potato plants on Long Island, 
antl one for the potato tuber worm (Gnorimoschema operculella 
Zeller), a serious pest of potatoes in certain southern and western 
st:ttcs. Neither was found in Connecticut. Although the tuber worm 
was reported from one town, no infestation was discovered when the 
locality was examined later. 

Many of our common vegetable crop pests were not unusually 
abundant. The spinach leaf miner (Pegomyia hyoscyami Panz.) was 
quite common on spinach and beets in late May and early June. The 
Blexican bean beetle (EpXachna varivestris Rluls.) was only moder- 
ately abundant early in the season, and the second generation caused 
very little damage. The striped cucu~nber beetle (Iliabrotica vittata 
Fabr.) was relatively scarce and caused little damage. Cabbage cater- 
pillars were troublesome early and late in the season, but were of little 
consequence in midsummer. The imported cabbage worm (Pontia 
rupae L.) was the principal species early and the looper (Au togmplm  
6rass;cae Riley) late. Aphids were troublesome a t  times on potatoes, 
to~n:ltoes, peppers and cucurbits, but no severe outbreaks on a large 
scale occurred. 

Certain pests of shade and forest trees were quite abundant. 
The fall canlier~vorm (Alsophila pometaria Harris) was unusually 
abundant in southern Connecticut and many shade trees and un-
sprayed apple orchards were completely defoliated in May. A rather 
heavy flight of moths in the late fall of 1944 indicates an abundance 
of this pest in 1945, although not so great as during the past year. 
The elrns suffered again a month later when the elm leaf beetle became 
ab~~n t l an t ,  During. the middle particularly in New Haven County. 
of tile summer, the elm lacebug (Corythucha ulmi  0. and I).) caused 
an .e~tensive bronzing of elm foliage in the vicinity of Cornwall and 
So~~tl i ington.  The eastern tent caterpillar was very abunclant on 
wild cherry and apple trees in southwestern Connecticut. The oak 
twig pruner (Zl?/perntullus villosus Fabr.) was very numerous and 
ca~isecl a11 tinusual fall of twigs in Ju ly  and August. The fall web- 
worn1 was also very abunclant in August, particularly in the eastern 
par t  of the State. 1)efoliation of oaks by the orange-striped oalr worm 
(Anisoto senntom'a A. and S . )  was conspicuous in late stun~mer in east- 
ern Connecticut. A leaf beetle ( R l e p h n d a  rhois Foerster) defoli- 
ated several staghorn sumac bushes in  North Branf0rd.l 

1 Reported by J. V. SchafPner, Jr. 



Work of the Department 

Several pests of coniferous trees were injurious in some localities. 
Red pine plantations in North Branford and Southington were at-
tacked by the looper (Lambdina athasaria pellucidaria G. and R.) 
and the sawfly (Dipr ion  frutetorum F.), and the latter also infested 
pine plantations in Litchfield C0unty.l I n  Southington and North 
Branford, the stands have suffered cluring previous years, many trees 
are dead or  dying, ancl bark and wood-boring beetles are attacking 
them. The looper infestation in North Branford is declining. A 
pine sawfly (Acanthol!/da er?ythrocephala L.) was quite abundant on 
white pine along the Merritt Parkway (see page 420). 

In  cooperation with the Division of Foreign Plant  Quarantines 
of the federal Bureau of Entomology and Plant  Quarantine, we ex-
amined the soil about the roots of woody plants in several nurseries 
during the spring. Specimens collected were determined as to species 
by the Division. Nothing unusually significant mas discoverecl. Lar-
vae of Rrachyrhinl~soaatus L., B. sulcatus F., Autoserica castanea Ar-
row, Popillia japonica Nemnl., and many species of Ph?yllophaga were 
found, as would be expected. These are all known pests of nursery 
stoclr. Several other species of no economic significance were also 
found, although in small numbers. 

During the year ;"\Torember 1, 1943, to October 31, 1944, 434 
samples of insects were received a t  the office with requests for  informa-
tion about their injuriousness and control. They are grouped in eco-
nomic categories in the following table. 

Number of 
samples received. 

Fruit pests ............................................. 40 
Field and vegetable crop pests .......................... 26 
Forest and shade tree pests ............................. 92 
Timber and wood products pests ........................ 39 ...............................Pests O F  shrubs and vines 27 

. . . . . . . . . . . . . . . . . . . . .Flower garden and greenhouse pests 17 
.................Pests of the household and stored grain 94 

Soil and grassland inhabiting pests ...................... 26 ..........Insects annoying to man and domestic animals.. 17 
Parasitic and predaceous insects ........................ 19 
Miscellaneous .......................................... 37-

434 

1Reported by J. V. Schaffner, Jr. 
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The following species mere received five or more times. 

Times 
received 

Elm leaf beetle, Galerucelka luteola Mull.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Black carpet beetle, Attagenus piceus Oliv. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Termite, Reticulitermes flavipes IColl.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Carpenter ant, Carnponotzcs herclclean?4s ~rrtnsylaanicus DeG.. . . . . . . . . . . . . . .  

Twig pruner, Hypermallus villosws Fabr.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Saw-toothed grain beetle, Oryzaeplzilus sltrinainettsis Linn.. . . . . . . . . . . . . . . . .  

German cockroach, Blattella gerrnnnica Linn.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Japanese beetle, Popilliu japonica Ne&m.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Euonymus scale, Chiorzaspis etrorrymi Comst.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dermestid beetle, Detmeslcs cndaverinrts Fabr.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spinach leaf miner, Prgomyia hyoscyami Panz.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pavement ant, Tetrarnorilttn caespitzirn Linn.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Eastern spruce gall aphid, Adelges abietis Linn.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Brown dog tick, Rhipicephalus sartguinezis Latr.. . . . . . . . . . . . . . . . . . . . . . . . . . .  


About 60 species were cletermined for amateur entomologists. 

INSPECTION O F  NURSERIES, 1944 

The annual inspection of nurseries, as required by Section 2136 
of the General Statutes, began on July 6, 1944. Two temporary nur- 
sery inspectors \17ere employed during July and August. They were 
Messrs. F. A. Luddington and F. M. Richards, both teachers in the 
Hamden High School. Rfr. L. A. DeVaux and the writer worked 
with the other men during July and August. On September 22, all 
inspections were completecl. Occasional inspections were made after 
this date to see that nurserymen had made a proper cleanup of their 
nursery pests. A few strawberry growers sell strawberry plants and 
their fields mere inspected during the latter part of June. 

The nursery business was very 'good in 1944. Nurserymen had 
more sales than they could take care of, owing to shortage of help. 
As a result, many spring orders mere left unfilled until the fall ship- 
ping season. The larger nurseries were in good condition but, in 
some of the smaller ones, the weeds were allowed to grow and by the 
end of the summer they were in poor condition. 

Nursery pests occurred in about the usual numbers and no great 
amount of serious species was found. Out of a total of 297 nurseries, 
123 were free from pests that required control measures. Forty-three 
different insect pests and eight plant diseases were found during the 
inspection period. Most of these were of a minor nature and were not 
considered serious. 
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Inapcction of Nurseries, 1944 

There seems to hare been an increase in wood borers during the 
last two years. Borers in linden, mountain ash, hawthorn and dog- 
wood appear to be more abundant than formerly. The oalr twig 
pruner, HypemZZus  uillosus Fabr., mas quite abundant in one nurs- 
ery. Usually, this pest only cuts small twigs from oalr trees and is 
not considerecl of much importance. I n  one nursery, i t  was attaclring 
purple beeches and mas cutting off branches an inch in diameter. 
I n  several cases, i t  cut off the leader. thus spoiling the shape of the 
tree. The linden borer, Supercln aastita Say, was found to be causing 
serious clamage to lindens in several nurseries and many trees had to 
be removed and burned. 

Of the scale insects, oystershell scale was the most abundant and 
was present in  65 nurseries. Pine leaf scale was second with 53 nurs-
eries found infested while jn 1943 only 10 nurseries were infested 
with this scale insect. Spruce gall aphids reached a new low in 1944 
with only 83 nurseries infested with both species. European pine 
shoot moth increased this year over the low of 1943, which was prob- 
ably due to  severe winter temperatures of the winter of 1942-43. 
Maples in  23 nurseries showed evidence of nectria cankers. Peach 
"X" disease was found in one nursery among some old trees that  had 
been kept heeled in for  several years. No "X" was found in any 
nursery that actually grows peach stock. The  regulations under which 
peach stoclr may be grown are such that  for  several years no "X"dis-
ease has been found in the nurseries that  grow peach trees, budded on 
seedlings. Leaf-feeding insects were rather scarce except that  canker- 
worms dicl some feeding early in the season. A t  nursery inspection 
time, most of the trees hacl proclucecl a new set of leaves and the injury 
was not conspicuous. 

Only one nurseryman grew peach trees in 1944. These were 
grown under special conclitions so that the stock would be free from 
"X" disease. These regulations require that  all chokecherries be re- 
moved within a 500 foot zone around the peach blocks. This must be 
done before the seecllings are above ground and chokecherries must be 
kept out of this area until the trees are finally harvested. 

------ . 
-
. 
-
--.-. . --pp 


Pest 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 
-p 


Oystershell scalc . . . . . . . .  93 87 84 53 
San Jose scale . . . . . . . . . . .  17 11 8 2 
Spruce gall aphids'. . . . . . .  285 337 306 312 
White pine weevil . . . . . . .  98 82 101 97 
Pine leaf scale . . . . . . . . . . .  42 72 60 25 
European pine shoot tnot l~  121 108 128 130 
Poplar canker . . . . . . . . . . .  28 28 26 20 
Pine blister rust . . . . . . . . .  2 0 4 5 

Nurseries uninfested . . . . .  16 26 25 32 

Number of nurseries 
registered . . . . . . . . . . . .  372 380 377 402 

1 Indudes both Adelges abfetis and A. cooleyi. 
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One nurseryman received the special raspberry inspection and 
was granted a certificate, as no raspberry il~osaic was found on any of 
his plants. 

A total of 297 nurseries mere registered and inspected, but all 
have not been granted certificates as they have not co~npleted the re- 
quired cleanup of their pests. These nurseries have a total of 4,356 
acres devoted to the gro\ving of nursery stock. A classification of 
nurseries by size is given in Table 4. 

Area Number Percentage 

50 acres or more . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 5 
10 to  49 acres ................................... 41 14 
5 to 9 acres ................................... 29 10 
2 to  4 acres ................................... 73 25 
1 acre or less .................................. 138 46 

- -
297 100 

The list of nurserymen and number of acres varies from year to 
year. I n  1944 the number of nurseries was less than in 1943. Some 
of the smaller nurseries are temporarily out of business, some that  
mere carried as a side line have discontinued, and owners of others 
are in the armed forces. 

Some of the nurserymen failed to register before Ju ly  1, 1944, 
and, as required by Section 2137 of the General Statutes, were charged 
for the cost of inspection. Eleven nurserymen paid the cost of in- 
spection and $55.00 has been turned over to the treasurer of the Sta- 
tion to be sent to the State Treasury. Nurserymen who failed to pay 
cost of inspection and those who neglected to clean up their pests 
were not issued a certificate and therefore cannot legally sell their 
stoclr. The cost of inspecting the nurseries, including a few additional 
visits to see that  the pests were properly eradicated, was $2,386.40, ex- 
clusive of traveling espenses. 

Other Kinds ol Certificates Issued 

During the year, 121 duplicate certificates were issued to Connec- 
ticut nurseries to be filed in other states.. Sixty-seven dealers' certifi- 
cates were issued to stores and individuals who do not grow their own 
stock. No inspection is required before issuing these certificates as 
all dealers are obliged to buy their plants from certified niirseries. 

Approximately 333 lots of nursery stock and other plant material 
were inspected and certified for  private individuals. Four hundred 
and ninety-four blister rust control area permits were issued. These 
permit planting of currants and gooseberries in areas where there are 
no timber stands of white pine. 

http:$2,386.40
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Inspection of Imported Nursery Stock 

Certain kinds of foreign nursery stoclr are allonred to enter the 
United States a t  designatecl ports of entry under permits issued by the 
federal Bureau of Entornology and Plant  Quarantine. These are re- 
leased for transit to destination points where they are esaminecl by 
state inspectors. Most of the nursery stoclr entering Connccticut con- 
sists of rose stoclrs which are grafted by florists and are grown for  cut 
flowers in greenhouses. Since the beginning of the war, ilnportation 
of rose stoclrs has practically stoppecl ancl florists purchase these s t o c h  
from the western states. During the past year, only one shipment of 
foreign rose stocks was received from England. This consisted of 
four cases containing 24,000 plants. 

Miscellaneous plant material and seeds are also allowed entry into 
the United States under special permits issued by the Bureau of En-  
tomology ancl Plant  Quarantine. All of this material is sent to 
Washington, D. C., where i t  is esamined by federal inspectors and, if 
free from injurious insects ancl plant diseases, i t  is reshipped to its 
final destination. No inspection is made by state men. 

Rliscellaneous material esamined by fecleral inspectors in 1944 in-
cluded : 

100 raspl~erry plants 
12 currant bushes 
4 gooseberry bushes 

2,800 orchids 
7 housc plants 
1 peach tree 
1 apple tree 
1 grapevine 
9 seakale roots 

31 gladiolus corms 
2 fritillaria bulbs 
1 cyclamen 

7 t  pounds onions 
12t  pounds seed 
16 packets of seed 

QUARANTINE ENFORCEMENT AND MISCELLANEOUS 
INSPECTIONS, 1944 

There are nlany state and federal quarantines that  hinder the 
ree movement of plants and plant material. These quarantines are 
lesigned to protect certain states and entire sections of the United 
itates from serious insect pests that occur in some states. Naturally, 
his leads to considerable confnsion when people t ry to ship plants or  
dant products from one state to another or to foreign countries. 
Jurserymen and others who ship plants are more or less familiar with 

these conditions but the average person kno\\~s little about such mat- 
ters. The postal department and transportation companies Imow that 
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it is illegal to accept plants ancl plant materials for shipment unless 
accolnpaniecl by a valid certificate of inspection. W e  are often called 
upon to inspect and certify such shipments and occasionally i t  is neces- 
sary to refuse certification on account of quarantines or state regula- 
tions. Fortunately, most of the requirements of nearby states are such 
that we can certify the nlaterials. Most of the difficulty encountered 
is on long distance shipments, particularly into southern and western 
states. 

The fetlcral quarantine on the European corn borer was revoked 
several years ago, but Inany states have their own quarantines to pre- 
vent shipment of this insect within their boundaries. These quaran- 
tines allow the m~\~e rnen t  of host plants of the European corn borer in- 
lo their states, provided the shipment is accompanied by a statement 
showing frceclom from this pest. The only commoclity that is aff'ected 
to any great extent is corn. This is allowed entry into all states and 
Canada, proviclecl that i t  is shellecl and is certified to be free from 
European corn borer. During 1944, we were called upon to inspect 
and certify 309 lots of seecl corn on account of these quarantines. 

The oriental frui t  moth has spread over a considerable portion of 
the United States and some of the states have liftecl their quarantines 
on account of this insect. The quarantines prevent free movement 
of fruit ,  f rui t  containers ancl fruit. trees, ancl the regulations are such 
that few nurserymen or  others will go to the trouble and expense to 
ship into the states having such qi~arantines. 

Since the Bureau of Entomology and Plant  Quarantine established 
quarantines on account of the Japanese beetle ancl gypsy moth, the 
Experiment Station has morlred cooperatively with the federal agency 
in their administration. A t  the present time there are four federal 
full time inspectors in Connecticut and two state men, authorized to 
issue federal certilicates, malring inspections and certifying materials 
on account of these two quarantines. 

Mr. H. N. Dnrtley, in charge of quarantine enforcement, has 
supervision over H:irtford, Tolland, Flrindham, Fairfield, Middlesex 
and New Lonclon counties ancl a few towns in eastern Litchfield and 
New Haven counties. The rest of the State is under the supervision 
of M. P. Zappe nt the Agricultural Experiment Station in New 
Haven. 

Japanese Beetle 

The Japanese beetle quarantine activities consist of seasonal scout- 
ing for  classification purposes of certain nursery and greenhouse prop-. 
erties ancl their sources of sancl, soil and manure, as well as the in- 
spection and certification of all articles included in the quarantine 
regula Ions. t' 

Scouting for  aclult Japanese beetles has been conducted yearly to 
determine whether or not beetles were present on classified properties. 
Recause of the decrease in the number of classified firms to he scouted. 



313 

I 

I 

1 
I 

I 

1 


1 

I 

Inspection of Apiaries 

the district supervisors are now able to do the necessary scouting 
instead of the usual crews who carried on these scouting operations. 

Inspection and Certification 

The total number of plants certified for shipment on account of 
the Japanese beetle in 1944 mas 1,582,920. These plants were con-
tained in 1,331 shipments. Of these, 611 shipments were under an 
'LA"certificate, used in shipments from nurserymen to customers, and 
720 "13" certificates were used between classified nurserymen and car- 
load shipments. Four shipments of sand were also certified. No 
inspections of farm prodncts or cut flowers were made because no 
towns in Connecticut were within the areas that required such inspec- 
tion and certification. During the year, two nurseries in the State 
treated nursery stock to be shipped out of the Japanese beetle quar- 
antined area with the new approved ethylene dichloride dip under the 
inspectors7 supervision. This method is becoming more popular with 
the nurserymen and may eventually replace soil treatments with 
arsenate of lead. 

Gypsy Moth 

The gypsy moth work consists of inspection and certification of 
materials includecl in the gypsy moth quarantine regulations, occa-
sional scouting of certain areas in order to issue the necessary cer- 
tificates, and other tasks necessary to the operation of the quarantine. 

Inspection and Certification 

The total number. of plants inspected and certified for shipment 
to points outside of the quarantined area was 1,794,823. There were 
787,279 lots of forest products. Two hundred and sixty-five tons of 
quarry products, and 3,860 bales of evergreen prodncts were also in- 
spected and certified. A total of 4,286 certificates was used for this 
purpose. 

Seed Inspection for Export 

A large amount of seed is exported by Connecticut seedsmen to 
foreign countries, mostly to Central and South America. This re- 
quired the use of 528 special certificates, covering 261 shipments of 
assorted vegetable seed. Frequently; the foreign regulations call for 
treatments of certain seeds to minimize the risk of carrying seecl-borne 
fungous diseases and these are made under the supervision of an in- 
spector. 

INSPECTION OF APIARIES 

There has been no change in the personnel of the bee inspection 
jrvice for several years. Mr. W. H. Icelsey works in Litchfield and 
Iartford counties, R4r. Roy Staclel in Fairfield, New Haven and 
lidcllesex counties and Mr. Elbra Baker in the eastern third of the 
%ate. 
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The winter mortality of bees this year mas very much less than 
last year when nearly one third of the bees died during the winter 
months. This year the beekeepers lost only 5.44 per cent of their 
colonies. The winter was not as severe as  the preceding one a11u 
quality of winter stores was better. Possibly the beekeepers :gave 
their bees more protection and more food after the heavy losses of the 
winter of 1942-1943. The greatest losses this year occurred in Litch-
field, Micldlesex and Hartford counties and the smallest in  New I 
don County. 

This  season there were 2,451 apiaries inspected in the State, 184 
less than last year, with a total of 12,360 colonies, a decrease of 2,543 

Average Average
Number number cplonies cost of inspection 

Year aplarles colonies ner anlarv Per aniary Per colony 
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from last year. This  may be due to the large losses of bees during 
;he winter of 1942-1943 which have not been made up by normal in- 
:reases. The average number of colonies per apiary in 1944 was 5.04 

against 5.65 in 1943. 

There mas a slight increase in the amount of American foul 
oocl this year. Fo r  the entire State, 3 per cent of the colonies mere 

dl!jeased against 2.5 per cent in  1943. There was a slight increase in 
nearly every county except Hartford which showed an increase of 
nearly 2 per cent. Fairfield and New Haven counties still have the 
hi,ghest per cent of foul brood and Tolland and TVindham the lowest. 

11 diseased colonies were burned, either by the inspectors or the 
mers. One colony of European foul brood was found in Bairfield 
mnty and one colony infected with sacbrood in Hartford and an- 
ler in Middlesex County. 

The cost of inspection was a little higher than i t  was in 1943. 
lis mas due to an increase in salaries to bee inspectors to offset the 
neral increase in the cost of living. 

Apiaries Colonies 
Diseased Diseased Per cent 
(Am. foul (Am. foul Pel cent winter-

:ounty Inspected brood) Inspected brood) diseased killed 

irfield 453 70' 2,264 135 5.96 4.46 
:w Haven 317 4 1 1.733 87 5.02 4.79 

- - -.-
: w  London 292 19 1,605 31 1.93 1.87 
tchfield 310 15 1,728 34 1.96 8.62 
~rtford 522 24a 2.598 59 2.27 7.00 
dland 188 6 '677 6 .89 3.39 
indham 198 5 794 9 1.13 2.90 

2,451 184 12,360 371 ' 3.0 5.43 

'One apiary had one colony infected with European foul brood. 

Qne apiary had  one case of sacbrood. 


Apiaries Colonies 

.spected, 1944 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

,fected with American foul brood..  . . . . . . . . .  

:rcentage infected . . . . . . . . . . . . . . . . . . . . . . . .  

Average number of colonies per apiary. . . . . .  
Average cost of inspection . . . . . . . . . . . . . . . . .  

Total cost of inspection, 1944.. .. 
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January 1 ,  19Ll )ecember  31, 1944 
Disbursements 

January 1 to June 30, 1944: 
Salaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 911.25 
Travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  412.30 
Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . .  11.30 

July 1 to  December 31, 1944: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Salaries $1,185.00 

$1,334.85 

Travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  648.90 
Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . .  .20 

Total disbursements for 1944 . . . . . . . . . . . . . . . . . . . .  


Registration of Bees 

Section 2129 of the General Statutes provides that  each beelteeper 
shall register his bees on or  before October 1 of each year with the 
town clerlr of the town in which the bees are kept, and that  each town 
clerlr on or before December 1shall report to the State Entomologist 
whether or not any bees have been registered and, if so, shall send a 
list of names and number of colonies belonging to each registrant. 

I n  1944, 2,451 apiaries containing 12,360 colonies were inspected. 
However, only 1,609 apiaries consisting of 8,710 colonies were regis- 
tered. This shows that  842 apiaries and 3,650 more colonies were in- 
spected than were registered by the town clerks. No doubt some un- 
registered apiaries were not inspected by the apiary inspectors who 
did not know of their existence. Uninspected bees may be a source of 
foul brood infection for  other bees in the community. Every effort is 
being made to have all beekeepers register their bees so that  they may 
be inspected and treated if found diseased. 

Honey Production 

The year 1944 was not favorable to  the production of honey in 
Connecticut, nor in New England as a whole. This was due to un- 
favorable weather conditions. There was a bad freeze in mid-May 
in many sections and the unusually dry season was damaging to nectar 
producing plants. The figures in the following table, taken from a 
report by the New England Crop Reporting Service of the United 
States Department of Agriculture, give the production of honey and 
beeswax for the year. Connecticut is by f a r  the most important state 
in New England as f a r  as beekeeping is concerned. There is a con-
siderable discrepancy between the number of colonies of bees given 
here and the number inspected by our staff, as shown in the previous 
pages, but such a discrepancy presumably holds for  the other states as 
well. 



Znspection o f  Apic~m'es 

State Colonies Production Honey Beeswax 
and of becs per colony production production

Division 1943 1944 1943 1944 1913 1944 1943 1944 

Thousands Pounds Thousand youlids Thousand pounds 
Maine 6 7 20 17 120 . 119 3 3 
New Hampshire 3 3 35 16 105 48 2 1 
Vermont 8 8 43 44 344 352 7 5 
Massachusetts 17 18 26 15 442 270 13 8 
Rhode Island 1 1 30 27 30 27 1 1 

I 
Connecticut 18 20 30 26 540 520 12 13 

I New England 53 57 29.8 23.4 1,581 1,336 38 31 
I 
I United States 4,887 5,219 38.9 36.2 189,867 188,969 3,743 3,921 
I 
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John T. Ashwortl.1, Deputy in charge of gypsy 
moth control worlr for the past 24 years, retired fro111 
active service Ju ly  1,1944. J l r .  Ash\vorth, after sev- 
eral years' esperience i n  gypsy moth control with the 
Blireau of Entomology of the United States Depart- 
ment of Agriculture, came to the Experiment Station 
June  1, 1917, as assistant to Mr. I. TV. Davis, then 
Deputy. H e  succeeded Mr. Davis when the latter 
resigned, June  10, 1920. 

During his entire career in the service of the.State, 
Mr. Ashworth has exhibited those admirable personal 
and professional attributes which have aroused great 
respect for and the utmost conficlence in his ability to 
do the job ivell. The efficient concluct of gypsy moth 
control work has reflected his capable administration. 
We  wish hiin what he has well earned, many happy 
years. 

Mr. Dolor LaBelle has been appointed Acting 
Deputy in charge of gypsy 1110th control. 
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GYPSY MOTH CONTROL 

DOLORLABELLEAND ROGERB. FRIEND 

Gypsy n~ot l i  control work was carried on with a much reduced 
force again this year, as some of the mcn have been inducted into the 
arnlecl forces and suitable replacements are not available. It has not 
been possible, therefore, to  do as much scouting ancl mapping as in 
fernier years. Fortunately, little spraying was necessary, and we were 
able to accon~plisli this. Some scouting was carried on during the win- 
ter in Somers, Manchester, Glastonbury, Torrington, Simsbury, Granby 
and Stonington. All  egg masses found were clestroyed by creosoting. 
The most serious infestation was in the southern half of the city of 
Torrington. This was sprayed with lead arsenate in June. Type 
mapping, a description of which is given in the Report for  1940, was 
continued and the towns of Colebrook, Ellington, Hartland, Tolland, 
Union and TVillington were completed. 

A survey of defoliation caused by the gypsy moth was made 
during Ju ly  in Litchfield, Hartford, Middlesex, TVindliam, Tollancl 
and New London counties. Defoliation was confined to individual 
trees, most of them in Hartford and Tolland counties, a few in Litch- 
field, Middlesex, and New London counties. I n  no town was over 
one-half an acre involved. A total of four acres were 25 per cent 
defoliated; two acres, 50 per cent; three acres, 75 per cent, and five 
acres, 100 per cent. Although this is not a t  all serious, i t  is an in- 
crease over that  of last year. 

During Ju ly  and August, a total of 655 traps for  male moths 
were set out in the southern par t  of the Barrier Zone to determine 
whether or not the gypsy moth was present in the area. This work 
was carried out in cooperation with the federal Bureau of Entomology 
and Plant Quarantine which furnished the attractant. The area in- 
cluded the entire towns of Greenwich, Bridgeport, Easton, Fairfield, 
Monroe, Newtown, Redding, Southbury and Trumbull, and parts of 
Middlebury, Oxford and TVoodbury. No male moths mere captured. 
The federal Bureau of Entomology and Plant  Quarantine set out 140 
traps in Sharon and caught 60 male moths in 21 of them. During 
the years 1943 and 1944, t raps have been set out in all of the south- 
western corner of the State. 

As in  former years, we are indebted to  the federal Bureau of En-  
tomology and Plant  Quarantine for work done in the western par t  
of the State (in the Barrier Zone), and we hereby express our appre- 
ciation to Mr. R. A. Sheals, Chief of the Division of Gypsy and 
Browntail Moths Control, and Messrs. S. S. Crossman and H. L. 
Blaisdell, Assistant Chiefs of the Division. The federal crews car- 
ried on control operations in 21 towns in Litchfield and New Haven 
counties. They scouted 214,377 acres of open and woodland areas, 
' rstroyed 1,190 egg masses, sprayed 10 infested areas with 3,719 

bunds of cryolite, applied 1,944 bands, and crushed 389 larvae. 



- - 

320 Connecticut Experiment Station BuZZC~~TL488 

Cryolite is an effective insecticide and is  not injurious to cattle a t  the 
concentrations used, tha t  is, about nine pounds to 100 gallons, with 
suitable adhesives and wetting agents. Scouting mas carried out in 
those parts of the Zone not examined in recent years. One infestation 
was found in Southbury and another in TfTallingford. I n  many places 
in the Barrier Zone in Litchfield County, an increase in infestation 
was noted. 

The condition of the egg masses in the spring, that  is, the num- 
ber of eggs per mass and the percentage of hatch, often gives an indi- 
cation of the trend of the gypsy moth population. During April, 
1944, egg masses were collected in Litchfield, Hartford, Windham 
ancl New London counties. These were held outdoors until the eggs 
hatched. The results. show a large nnumber of eggs per mass and a 
high survival. This may be compared with the figures for the 

Number of egg masses collected 147 
Number of eggs per mass 657 
Number of eggs hatched per mass 596 
Per cent hatched 86.7 

spring of 1940 and of 1943 as given in the Report for  1943 (pages 
255-256). Temperatures during the winter of 1943-44 were not low 
enough to affect seriously the viability of the eggs, a s  ii~clicatedby 
the table below which gives the sub-zero records a t  four stations. 

TABLE9. MINIMUMTEMPERATURES XORTHERN (Fahrenheit)IN CONNECTICUT 
.- -

Date Cornwall (Cream Hill) Falls Viliage Hartford Putllarn 

Dec. 16, 1943 -7 " 

Dec. 23, 1943 -lo 

Dec. 24, 1943 -4" -7' 

Jan. 17, 1944 -90. -lo 

Feb. 13, 1944 -1" 

Feb. 14, 1944 -10" -15" -2" -1" 

On June  22 and 23, the gypsy moth control crew sprayed about 
six acres of a stand of hemlocks a t  Sandy Hook a t  the request of the 
State Parlr: and Forest Comnlission. I n  past years, the trees, many of 
them 90 to 100 feet high, 1iacl.been injurecl by the looper L a m b d i m  
athasaria peZZucidaria 0.and R. A flight of moths mas noted tlie last 
of May and the first of June, ancl further defoliation was anticipated 
unless the trees were protected. The  treatment required 279 pounds 
of lead arsenate and 62 quarts of fish oil. A n  inspection of the 
stand later in the year revealed that no defoliation occurred. 



TABLE10. SUMMARYOF CONTROLOPERATIONS,1943-1944 

County 

Number 
of towns 
worked 

Infesta-
tions 
found 

Egg 
masses 

creosoted 

Number 
colonies 
swayed 

Pounds 
insecticide 

used 

Larvae, 
pupae 

crushed 
Bands 

amlied 
Miles 

scoutcd 
Acrcs 

scouted 

Fairfield 

Hartford 

0 

2 

0 

4 

0 

3,302 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
Q 

Middlesex 

New Haven1 

New London 

Tolland 

Windham 

Totals 

3 

6 

1 

1 

0 

29 
-- 

1 

2 

1 

2 

0 -
65 

'All federal Bureau of 
3 Cryolite. 
3 Lead arsenate. 

Entornolog:~ and Plant Quarantine, except the one infestation sprayed with lead arsenate. 
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DUTCH ELM DISEASE 

During the year 1944, the U. S. Department of Agriculture has 
been obliged to stop removing cliseased trees found by their inspectors. 
Their scouting operations have been largely confined to the area just 
north and east of the territory under quarantine. Under the new 
plan, the U. S. Department of Agriculture scouts worlred mostly in 
1,itchfielcl and Hartford counties and the eastern towns in Middlesex 
County. The results of their scouting show an eastward spreacl of 
the clisease. This  is particularly true in the northern part  of the 
State, so that  a t  present the disease has been found in  practically all 
towns in Hartford County. 

The same is true of Middlesex County, but in this county only 
two new infected towns mere found this summer. I n  New London 
County the towns of Lyme and Bozrah were added to the list of in- 
fected towns, although diseased trees hacl been found in Old Lyme 
a t  intervals since 1934. The town of Vernon is the first town infected 
in Tolland County. 

I n  the following 18 towns Dutch elm disease was found for  the 
first time in 1944: Avon, Bozrah, Chester, East Granby, East  Har t -  
ford, East Windsor, Enfield, Glastonbury, ICillingworth, Lyme, Man- 
chester, Rocky Hill, Simsbury, South Windsor, Sufield, Vernon, 
Wethersfield ancl Windsor. I n  these towns, the tree wardens and 
selectmen were notified of the conditions existing, given the location 
of the trees ancl urged to see tha t  all diseased trees were removed and 
proper precautions taken to reduce chances of rapid spread of the 
disease from these centers. 

I n  the towns where the disease has been present for several years, 
the number of diseased trees has increased rapidly. This is* quite 
serious in some of the cities in FairSeld and New Haven counties. 
Uncler the present conditions, the cities are unable to obtain suficient 
help to eliminate inlmediately the trees when they are found. When 
diseased trees are left until barlr beetles emerge, there is great clan- 
ger of nearby elms becoming infected with the clisease. 

The federal scouts looking for  cliseased trees in towns not known 
to have the Dutch elm disease are now using methods of detecting the 
disease before leaf and bark symptoms are present. Formerly they 
depended upon these symptoms but now they take samples of bark 
beetles, their galleries and barlr from dead and dying trees and also 
from large broken branches. By  this method they often find the dis- 
ease present in a town where the elm trees did not show any visible 
leaf or  twig symptoms. Where clean-up operations are carried on by 
the town authorities, i t  is an advantage to be able to eliminate this 
material before any valuable elms are lost. 

Fo r  two years, we have been placing elm t rap  logs in the eastern 
part of the State in order to cletermine the areas infested with ScoZytw 
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muZtistriatus Marsh. Both years we were unsuccessful in obtaining 
evidence of this bark beetle's work in the t rap  logs, but did obtain 
plenty of larvae of Sapercla triclentata and illagclalis sp. .In a few 
cases, we saw work of Ilylurgopinus rufipes, but very little of that. 
We suspect that something was \vrong with the nlethods used because 
in one case a t  the site of a set of t rap  logs a small elm n7as cut and 
left leaning into other trees. This cut el111 produced evidence of 
Scolytus work but cut logs only two feet away were free from any 
sign of the beetle. 

The men employed by the Bureau of Entomology and P lan t  
Quarantine who are scouting for  Uutch elm disease in eastern Con- 
necticut have furnished us with records of towns known to be in- 
fested with Scol?/tus ?nultistrintus. This insect is now kno\vn to be 
established in 29 to~vns east of the Connecticut Itiver. I t  is possible 
that the rest of the t o \ ~ n s  in Connecticut are also infested but as yet 
we have no definite records to confirm this. The following towns and 
all those lying vest  of them are known to be in fe~ ted :  Somers, 
Ashford, Mansfield, \Vindharn, Franlilin, Salem and East Lyme. I n  
addition to these towns, this insect has been found in the town of 
Preston. 

MOSQUITO CONTROL I N  1944' 

R. C. EOTSFORD,Agent, 

State Board of Mosquito Control 

The primary duty of the Board a t  present is the maintenance of 
11,000 acres of salt niarshes ditched for mosq~~ i to  This work control. 
includes clearing of ditches and repair of title pates, dikes, beach cul- 
verts and other s trr~ctr~res which comprise the complete system neces- 
sary to prevent mosquito breeding on certain "accepted" salt marsh 
areas. About 7,000 acres remain to be accepted for  state maintenance 
when sufficient funcls and labor become available. 

The Board also has authority to make surveys and inspections of 
mosquito breeding areas on request, and supply technical advice where 
control work is contenlplated. 

Mr. Noyes P. Farnell, formerly employed for  maintenance work 
in Stonington and Groton, returned on October 9, 1944, and was as- 
signed as foreman of the New London District. The inaintenance 
work of this season was much limited, due to shortage of labor, and 
very little routine work of reconditioning ditches or  repairing dikes 
and tide gates could be undertaken. TVork was necessarily conSned 
to small areas where mosquito breeding was discovered or threatened 
to develop. Large areas in poor condition cannot be improved until 

1The control of mosquitoes is carried out under a State Board of nlosquito Control 
and is not a function of the Agricultural Experiment Station. This report is pub-
lished here as a matter of convenience. 
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major construction affecting these areas is completed. These condi- 
tions were brought about by storm clamage, natural depreciation, or 
the need for improved drainage outlets. The repairs and corrections 
require considerable study ancl the expenditure of fairly large sums of 
money. 

The status of these major repairs is reviewed below. 

Work on the Sybil Creek, Branford, tide gate was started this 
fall; the engineering, letting of the contract, and inspection were 
supervised from the State Conlptroller's office. The contract was 
awarded and construction started about November 20, 1944. 

On December 7, 1944, tentative arrangements were made with the 
State Highway Department to construct new tide gates on a proposed 
new bridge on Hammock River, Clinton, a t  Beach Park Road. The 
Rushy Meadow outlet in JTcstbrooli mill be rebuilt by a contractor. 

A request for funds has been prepared for presentation to the 
Legislature to cover the cost of the following work: 

Great Harbor Dike, Guilford : 
1,500 feet of stone riprap with earth core. 
200 feet of timber jetty for sluice. 
Install slots for flood boards (request of wild life interests). 
Repair gates and bulkhead. 
Recondition ditches. 

Stony Creek Dike, Branford : 
Rebuild 100 feet of dike damaged by hurricane of 1941. Earth core with 

stone riprap protection on both sides. Sheet piling may be necessary. 
Clear debris of old dike off meadows. 
Retop with gravel remaining dike and add riprap protection. 

Indian River Tide Gate, Clinton : 
Install tide gate north of Post Road near site of old tide gate. 
Reditch salt marsh. 

Hammock River Marsh, North of Post Road Route #1,Clinton : 
Dredge creek and reditch marsh. 

Farm River (East Haven River) Tide Gate, East Haven 
Repair dike damaged by hurricane of 1944. 
General repairs to tide gates and structure. 
(This is property of the Town of East Haven.) 

Viest Silver Sands 3feadon7, East Haven : 
Dredge main ditch, correct culverts and recondition ditches. 

There has been an increase in interest in the control of fresh 
water species in recent years and, more especially, since military per- 
sonnel are returning to this country from highly malarial parts of 
the world. There is some danger that the incidence of malaria may 
increase in this State in the near future, and i t  is necessary to form 
some conception of the extent of Anopheles breeding. This Board, 
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therefore, made a survey this season in order to locate the sources 
' 	 of the malarial mosquitoes ancl their abunclance, ancl a t  the same time 

determine the breeding places of common pest mosquitoes. The  field 
work was done by biology teachers and others in areas within rea-
sonable travel distance from their homes. Twenty-seven towns were 
covered in the period through July,  August, and the first half of 
September. This information will be placed in the hands of the re- 
spective town officials upon request. 

This  mosquito survey was preliminary and coulcl not indicate a 
complete census of the mosquito population in any locality, because 
nearly all areas were visited but once. Hand collections of adult mos- 
quitoes were made only where these were found to be very abundant, 
in the course of the scouting. The worlr was confined to examining 
suspected breeding places, such as swamps, streams, woodland pools: 
ponds, ditches, culverts and every structure or receptacle which a rea- 
sonable search would reveal. Mosquito larvae were collected by dip- 
ping up  water containing larvae, ancl this was delivered to the State 
Experiment Station for identification of species. Numbers on the 
jars corresponded with numbers on a town map identifying the exact 
spot where collections were made. The larvae were examined and 
identified by Dr. Dietrich Bodenstein, and a systematic record made 
for each town surveyed. About 10,000 specimens were examined, 
consisting of 17 different species. Three of these species were col-
lected in the adult stage only, two of them being early spring breed- 
ing species ancl one, a species the larva of which does not come to the 
surface. 

Inasmuch as the survey did not begin until the last of June, 
species that breed early in the season could not be found in the larval 
stage. Moreover, the lack of rainfall during the late spring and sum- 
mer prevented mosquito breeding which normally occurs in tempor- 
ary pools. On the other hand, there may have been an unusual 
amount of breeding in streams, as the dry season increased the amount 
of quiet water in them. The results of the survey cannot, therefore, 
give reliable data on the normal relative abundance of the different 
species. I t  should be kept in mind that this surrey was carried out 
during the Anopheles breeding season: so if these mosquitoes were 
present, they should have been found. 

The following table gives the number of times the larvae of each 
species were found, each locality being sampled once except for some 
places in Danbury, Norwalk, TVethersfield, and Waterford which were 
samplecl twice. Of the 1,225 samples taken, 214 contained larvae of 
Anopheles quadrinuzculatus. This species was found in 'every town 
surveyed, as shown in Table 12. Although the method used in the 
survey does not enable us to estimate with certainty the relative 
abundance of adults of A. q u a d r i m l a t u s  in the different areas, cer- 
tainly this mosqnito was found more frequently in the southwestern 
part of the State than elsewhere. It breecls particularly in clear, 
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TABLE11. 1944 COLLEC~IONS 

Species Times collected 

Anopheles punctipennis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  777 

Culex apicalis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  330 

Anopheles quadrimaculatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  214 

Culex pipiens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 

Uranotaenia sapphirina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Aedes vexans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

Culex territans . . . . . . . . . . . . . . . . . . . . . . ........ . . . . . . . . . . . . . .  20 

Anopheles walkeri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

Psorophora ciliata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Anopheles crucians . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Culex salinarius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Acdcs canadcnsis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Aedes sollicitans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

A ~ ~ o p h e l e sbarberi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Mansonia perturbans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Adults only 

Aedes intrudens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4' " 


Aedes cantator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I #  I t  


quiet water with some floating vegetation or  debris. The larvae were 
found most frequently in  late July,  August and September. 

Referring again to Table 11,Anophebs punc t ipenh ,  a poor car- 
rier of malaria, mas found more frequently than any other species. 
A. walkeri and crucidns, likewise poor carriers of malaria, were found 
rarely. As a group, Anopheles mas more commonly found than all 
other species combined. C1u7ez apicalis breeds throughout the season 
but is saicl not to attack man. Culex pipiens is the common house 
mosquito and although not found as frequently as  some others, may be 
more of a pest because of the nature of its breeding places. Urano-
taenia sappltirina is presumably a rather rare mosquito, and its rela- 
tive abundance is surprising. I n  noriiial years, Aedes vexans is un- 
doubtedly our most common fresh wnter Aecles and i t  migrates con- 
siderable distances. There are probably two main broods, one in late 
spring and one in late si1mmer, but this may be entirely a matter of 
the occurrence of rain-filled pools. I t s  relative scarcity in our samples 
is  due to  dry  wentlier. C d e x  territans is  closely related to the house 
mosquito, has silnilar habits, and looks the same. Psorophora cilinta 
is distinctly a flood-water mosquito, by f a r  the largest species in the 
northeastern United States, ancl a vicious biter. I t  is not common. 
Culex salinarius, a relatively uncommon species, breeds in marshy 
areas ancl also in rain barrels. Aedes canadensis is one of our com- 
monest woodland mosquitoes and one of our earliest sprinq species. 
The larvae occur in woodland pools in April and May. The adults 
do not migrate far. Aedes sol7icitans is our common salt marsh mos- 
quito. Jlansonicr, perturbans, collected in the adult stage only, should 
be mentioned. The  larvae of this species attach themselves to the 
roots and stems of plants below water and do not come to the sur- 
face. The adrllts bite viciously and migrate considerable distances. 
I n  Farmington, the adults were collected in some numbers and this 
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Surnl!e~of 
l o c ; ~ l ~ t ~ c s  .\Iosquitoes A.  qrradrirnacrrlattcs 

I>;ltc e s n m i ~ ~ c d  I O I I I B C I i n  found in 
~ -~ 

I. New Canaan 
I Darien 

Norwalk 


Westpor t  


11. Danbury 
Ridgcficlcl 

Bethel 


I 

111. 	New Ilaven 

Hatnden 


IV. Wcst  I-Iartford 
, 	 Farmington 


Bristol 

Plainville 

Kew Britain 

Newington 

Wethersfield 

Roclcy Hill 

Berlin 


V. Vernon 

\Vindsor 

lManchcster 

East Hartford 

Glastonl~ury 


(6/29-8/20 
'I. 	 Waterford {7/27-8/29 (repetition) 


New London 6/23-8/12 

Groton 6/28-8126 

Stonington S/21-8/24 


uiay be the principle species involved in the conrplaints of mosql~ito 
~~uisancein part of that town. 

As f a r  as Anopheles quaclm'?~zacvlatz~s'is concernecl, the surrey in-
tlicates i t  occurs all o\-er Connecticut, is inore abimclant in the soutli- 
western part of the State, and breeds throughout the summer. 

Requests for infornlation on moscluito abateinent are being re-
ceived from inland areas in increasing numbers each year. We are 
unable to investigate all complaints from individuals, but give special 
att,ention to requests f r o n ~  health officers ,and other town officials or 
civic improvement associations. Upon investigating areas where coln- 
plaints originate, we frequently find neither breeding places nor inos- 
cltiitors on the wing. The pools nlay have dried up, and the aclults 
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may have migrated into and out of the area. Early broods of adults, 
emerging in April and May, can infest an area for weelrs after their 
breeding places have disappearecl. I f  the mosquito nuisance in inland 
areas is to be really abatecl, each town should undertake control meas- 
ures fro111 April until October. 

Oficials of several t o ~ r n s  ancl cities will probably initiate local 
mosqiiito control work in 1945, and the few s~iggestions ~vhich follow 
may be of assistance. Successful mosquito elimination morlr requires 
some stlidy ancl preparation by a capable person, preferably on a 
full time basis. JIaps should be prepared showing all water courses, 
ponds, springs, ditches, inlproperly graded roatlside gutters, sink 
holes, swamps, cluinps or any other natural or artificial means of con-
taining water. This map, together with daily records of inspections. 
clescription ancl behavior of potential breeding places. treatment and 
costs, provides a necessary part  of a continuing lnosquito control pro- 
gram. 

Unnecessary collections of water and unusecl articles which may 
hold water, no matter how small, should be disposecl of as soon as 
feasible. Screen necessary water containers. Backyard inspections 
may be necessary. Regular inspection of every potential area is es- 
sential, as i t  requires only 10 to 14 days for a brood to develop. 

Decide to treat breeding spots difficult to eliminate by selecting the 
most practical and effective method which will be most permanent for 
each particular case. The following orcler for considering choice of 
treatment is suggestecl: 1, fill; 2, drain; 3, correct grade (streams and 
ditches) ; 4, deepen margins, remore vegetation and stock with fish 
(ponds) ; 5 ,  flush by changing water level every two weeks (ponds 
ancl reservoirs) ; 6, oil every two weeks or  oftener as required and only 
when larvae are present. Number 2 fuel oil is recommended. Ap-
ply by spray or small solid stream a t  the rate of about two ounces for 
each 10 square feet of water surface. 

Shallow woodlancl pools containing rotting leaves shoulcl receive 
attention very early in the season. Spray in February or Illarch, be- 
fore ice has entirely disappeared f r o ~ n  the pools, to avoid fire hazard 
sncl to destroy the first, ancl probab1y:the only, brood of mosquitoes 
'rom those spots for the season. Other potential breeding spots 
voulcl be treated as best judgment decides. 

One species of mosquito, Mansonia perturbnns, a persist,ent nui- 
sance, is sometimes found in great numbers and is clifficult to elimi- 
nate. As mentioned before, the larvae and pupae remain submerged 
by attaching tl~emselves to stems or roots of swamp vegetation, and 
are not taken in routine collecting. Oiling, therefore, is not effective 
and drainage is the only means of destroying this species. 

Printed matter concerning malaria and the elimination of ma-
laria carrying mosquitoes may be obtained from the State Depart- 
nent of Health, State Ofice Building, Hartford, Connecticut. The 
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following publications are recommenclecl for anyone wishing to make 
a thorough stucly of mosquitoes and inosquito control and may be 
obtained from the publishing company : 

"Mosquito Control", by I-1er:ns and Gray, 1940. $3.50. Published by T h e  
Commonwealth Fund, 41 East 37th Street, New York, N. Y. 

I "Handbook of the Mosquitoes of North America", by Rol~er t  Matheson, 
Secot~d Edition, 1944. $4.00. Published by Comstoclc Publishing Com- 
pany, Inc., Ithaca, N. Y. 

"The Mosquitoes of New Jersey and Their Control", by Thomas J. Head-
lee, 1935. $4.00. Published by Rutgers University Press, New Bruns- 
wick, N. J. 

RODENTCONTROL 

FRANCISB. SCHULER' 
Fish and Wildlife Service, Division o f  Predator and Rodent Control, 

U. S. Department of the Interior 

During the past year, studies ere continued on the population 
fluctuations of the meadow mouse (illicrotus penns?yZvanicus) and the 
testing of various rabbit repellent mixtures. This spring a prelim- 
inary stucly was initiatecl, in cooperation with Mr. F. JV. Southwick, 
Department of Horticulture, Storrs Llgricnltural Experiment Sta-
tion, on the effectiveness of methyl bromide as a fumigant for con-
trolling rodents in cold storages. 

From the control point of view, methyl bromide is an effective 
fumigant for the elimination of these pests. ITurther studies are 
necessary, however, to determine its effects on the flavoring ancl ripen- 
ing of the fruit,  particularly apples. Also, a practical method of 
application in the storage has yet to be workecl out. 

The October R4icrotns census indicates that  the mouse population 
is definitely low this fall. This condition is probably related to the 
downward trencl of the population, n~hich was noticeable last fall, 
after the high year of 1942. Due to the drought of the past two 
growing seasons, the resultant lack of abundant food and cover un- 
doubtedly was a further checlr on the population. 

-Fourteen repellent mixtures were tested on pennecl cottontail rab- 
bits during the past winter. Due to t,he high inortality among the ex- 

, periinental animals, this morlr was curtailecl. 

=Mr.Schuler is now in military service. The above brief summary of his work is 
essentially that  printed in the 1 9 4 4  Report of the Director of this Station. 
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REPORT ON PARASITES 

PHILIPGARMAN 

During 1!)44, the parasite laboratory a t  Kew Haven continued 
in operation ant1 the staif procluced a. total of 103,177 3lacrocentrus, of 
which 65,000 were liberated in Connclcticnt orchards. total of 304 ' 

orders u7ere fillctl, representing 123 ir~tliriclnal orcharcls. Tlie nurnber 
of parasit('.; relca+ecl represents a, consit1er:tbly greater liu~iiber than 
were clistribntccl last je:1r anti we 1rcl.e rtble to hill all of tlie orders 
receivetl. Tlie increase in !)rotl~~ction\\-as largely clue to a change 
fro111 tlie l~srtal riletliorl of breeding to tlic ~rtilization of a new host, 
tlie potato tuber motll. Tliis entailetl construction of new cages and 
involvetl c.or~sideral)le csperitnentation \\-it11 ~netliotls of handling. As  
a result of the experience gained this year, more parasites than ever 
sl~oultl l)e procluccd nes t  year. I t  is orlr hope that enough parasites 
may be bred in 1945 to supply riot only the peach gro\relas but also to .nleet our onTn demands for  esperitnent. 

Parasites for  the ii~ealybug contil~uecl to be receiveel fro111 the 
U. S. Uepartlnent of i lgriculture 1nbo:xtory in lrirginia and collec- 
tions of bugs vere  rllacle in I1 localities ar~t l  sever1 dift'crent apple or- 
chards. I'arasites reared froni these collections indicate that  the 
species introdncecl h:ls beell cloing gootl ~vorlc ancl is actually cutting 
down the infestation in scrernl plnccs. TT'e are  still liopefrtl tha t  
stocks of the effective parasite.; may l)cb brtltl a t  Sew Haren  ancl some 
propl-ess is bring niatle. So far. ho\vrrer, the situation seel~is to  be 
satisfactory in tlie orchartls covilrrcl from Virginia ancl s l~ i l )n~e r~ t s  
liave beer1 alnple to  take care of it. Sl~oulcl t l ~ e  nee,\ arise.. laboratory 
breeding :.\-ill be stat.tecl on a more extensive scale. 

Tliis year I)oth breetling iill(1 (listl'il)l~tior~of fruit  111otl1ancl 
nlealybug parasites li:~\-e been untler thtl sup~r\ . is ior i  of J I r .  IT.T. 
Brigllam. 

Parasites a r~ t l  tliseascs of the .Japanese beetle have :~lso been 
stutliecl estcnsi\.ely in  lield ant1 1al)oratory by menibers of the staff'. 
It can now be saitl nritli certainty tliat the population of beetles is 
declining in so~~t l i~ves te rn  On the other lia~itl, increases Connecticnt. 
liave been noted east of Hartfor.tl. in tlie Sa~tgatncl i  TTalley antl no r t l~  
of Danb~lry.  Both tlisease antl parasites appear to be on the incrcasr 
ancl tlie dry sntllnler has aKected the 11eetlc adversely. 

http:Hartfor.tl
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STATUS OF T H E  NATURAL ENEMIES OF T H E  JAPANESE BEETLE 
IN CONNECTICUT 

"R/lillry" disease experimental plots establishecl from 1930 through 
1941 are beginning to show good results. The olclest establishecl ex- 
periments, those of 1939, hacl an average of 85.3 per cent cliseased 
crrubs during the month of June, 1944. I'lots establishecl the follow- ?
Ing year, 1940, revealed an average grub infection of 29.0 per cent. 
Those established during the season of 1941 showed a 25.8 per cent 
infection in 1944. It is readily seen that  the length of time the ex- 
periments have been established seems to be of some importance in re- 
lation to degree of infection. Data accumulated as a result of the 
diggings made in 1943 and 1944 in the 1939-40-41 experimental plots 
sho\v an average of 30.90 per cent cliseased p u b s  occnrrecl in all plots 
in 1944 in  comparison with 24.08 per cent in 1943. The  grub popula- 
tions remained practically the same for both years, an average of 2.4 
grubs per square foot in 1943 ancl 2.3 in 1944. 

Check plots ranging in distance from 100 feet to one-half mile 
from respective experimental plots were examined. The average per- 
centage of disease, 31.74 in the checks, mas virtually the same as in 
the treated plots. Data in Tables 13 ancl 14 indicate the disease is 
spreading more in some areas than in others. 

The towns of New Canaan ancl Bloomfield were set aside as check 
areas. No spore dust distribution was made in either of them. 
Samples of grubs were taken from eight localities in New Canaan and 
four in Bloo~nfield. The average of diseasecl grubs dug in New 
Canaan was 6.16 per cent, whereas in Bloomfield no cliseased grubs 
were found. Of the eight localities from which grubs were talren in 
New Canaan, five, or 62.5 per cent, prodt~cecl diseasecl Japanese beetle 
larvae, 5.2 per cent disease on the outskirts of the town ancl 1S:5 per 
cent in the center of the town. JT'hether or  not diseased grubs found 
in New Canaan were the result of the spread of the bacteria from sur- 
rounding towns tha t  hacl received treatment several years earlier is 
riot Irnown. "Millrp" disease is lrnown to occur naturally in some 
localities. 

The rapidity of natural spread of Bacill?ilupopill im from a single 
point of soil inoculation to adjacent areas was studied. During the 
two years the experiment was in progress, diseasecl grubs were found 
on only two occasions-once in 1943 and the second time in 1944. a t  
distances ranging from 14 to 15 feet from the treatecl spot. The  
average grub popillation in 1943 was 0.7 grubs per square foot; in 
1944, i t  was 5.0 grubs per square foot. The incidence of disease in 
both cases was extremely low. Hence, i t  seems that  under some con- 
clitions some time is necessary before natnral spreacl of the bacteria 
can be expected from a single point of inoculation, especial17 when 
the treated spot is protected, preventing tracking of the bacillus into 
untreated areas. 



Location of 
plot 

Seaside Park, 
B D ~ .Plot A 

Seaside Park, 
Bpt. Plot B 

Seaside Park. 
Bpt. Plot c 

Stamford 
Hospital 

Keney Park, 
Hartford 

Cummings Park, 
Stamford 

East Rock Park, 
New Haven 

Broolclawn 
Country Club, 
Fairfield 

Tamarack 
Country Club, 
Greenwich 

East Hartford 
Country Club, 
East Hartford 

Mountain Grove 
Cemetery, Bpt. 

Mountain Grove 
Cemetery, Bpt. 

Goodwin Park, 
Hartford 

Colt Park, 
Hartford 

Year plot 

was established 


November, 1939 

Oct. 17, 1939 

Oct. 17, 1939 

May, 1941 

May 13, 1940 

Oct. 29, 1940 

Oct. 20, 1939 

Oct. 26, 1940 

Nov. 7, 1940 

May, 1941 

May, 1941 

Oct., 1941 

April 3, 1941 

May 22, 1940 

Date of 
dlgglng 

June 29 

June 16 

June 17 

June 19 

June 20 

June 23 

June 23 

June 26 

June 27 

June 28 

June 30 

June 30 

July 6 

July 6 

No. grubs 
dug 

59 

76 

11 

105 

74 

111 

2 

45 

100 

22 

4 

3 

5 

14 

Av. grubs No. grubs No. grubs Per cent 
per sq. f t. examined diseased diseased 

2.9 55 26 47.2 



TABLE 14. CHECK PLOTS I N  "MILKY"DISEASE EXPERIMENTS-194 
-

-- 

Location of 
check 

Year plot 
related to check 
was established 

Date of 
digging 

KO. grubs 
dug 

Av. grubs 
per sq. it. 

No. grubs 
examined 

No. gl.ubs 
diseased 

Per cent 
diseased 

Seaside Park, 
Bpt. Plot A 

November, 1939; 
check 25 yds. 
from treated 

June 29 28 2.8 28 19 67.8 

Seaside Park, Oct. 17, 1939; June 16 53 5.3 50 25 50.0 
Bpt. Plot B check 50 yds. 

from treated 
Seaside Park, Oct. 17, 1939; June 17 77 7.7 ' 72 5 6.9 

Bpt. Plot C check 25 yds. 
from treated 

Stamford 
Hospital 

May, 1941; 
check 100 ft. 
from treated 

June 19 2 1 4.2 23 14 60.8 

Cummings Park, 
Stamford 

Oct. 29, 1940; 
check 50 yds. 
from treated 

June 23 16 

East Rock Park, Oct. 20, 1939; June 23 
New Haven check mile 

from treated 
Brooklawn Oct. 26, 1940; June 26 

Cotintry Club, 
Fairfield 

check 100 ft. 
from treated 

Tamarack Nov. 7, 1940: , June 27 
Country Club, 
Greenwich 

check 200 yds. 
from treated 

East Hartford 
Country Club 

May, 1941; 
check 150 yds. 
from treated 

June 28 

Mountain Grove 
Cemeterv, Bot. -, -

May, 1941; 
check 50 yds. 
from treated 

June 30 
I 

Colt Park, 
Hartford 

May 22, 1940; 
check 100 yds. 
from treated 

July 6 5 

Seaside Park, 
Bridceoort 

Novemher, 1939; 
check 50 yds. 

July 7 63 



'-
- - - - - .. - 0

Method of Pot ~ p o t Spot Spot Spot 

appl~cation. sLlng Broadcast dusting Broadcast dustina Broadcast dusting Broadcast dusting Broadcast $ 


m 
Dosage 


in 

pounds 

r - r k  

Plots 1 2 3 4 5 6 7 8 9 10 s

2May 29 0.0 0.0 0.0 0.0 7.6 4.5 5.2 0.0 0.0 0.0 
June 6 0.0 13.6 12.5 0.0 11.1 27.2 14.2 8.3 9.0 27.2 S. 
June 14 0.0 8.3 20.0 40.0 12.5 41.6 0.0 0.0 0.0 0.0 P 
June 20 0.0 0.0 0.0 0.0 100.0 0.0 16.2 16.6 0.0 33.3 s 
June 28 0.0 16.6 0.0 66.6 33.3 25.0 40.0 80.0 66.6 0.0 PC 

July 6 50.0 100.0 100.0 100.0~ 33.3 100.0 100.0 50.0 100.0 33.3 5 
July 11 0.0 0.0 0.0 0.0 100.0 0.0 100.0 100.0 100.0 100.0 E.-

w.  

Kote:  In  checlr plots a t  a distance of 50 yards from the treated plots, 18.1 per cent diseased grubs were found. However, this was on 3 
0 

only one occasion. 
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I n  a series of 10 experilnerlts fro111 whic11 significant results were 
obtained in one year, the "millry" disease sporo dust was used in 
anlounts varying from one-eighth of a pound to one pound to each 
1,000 square feet of lawn area. The nlaterials were applied Septem- 
ber 21, 1043. 

From an application of one-half pound of spore dust to 1,000 
square feet of turf in early fall, good results were obtained in  the 
spring from late May on. Heavier dosages of three-quarters of a 
pound and one pound seemed to be no more effective. 

Owing to the necessity of considering the economy of the con- 
trol metisure, i t  seems advisable to use from one-quarter to one-half 
pouncl of spore clust to every 1,000 square feet of grass area, rather 
than a lighter or  heavier application, especially when i t  is  desirable 
to obtain control of a serious grub infestation within a year. When 
the above recommenclations are followed, i t  can be espectecl that the 
major par t  of a heavy Japanese beetle grub population will become 
diseased a t  the height of the feecling period in the following spring. 
Moreover, a minimum of turf injury results during the critical period 
of grub activity owing to recluced ritality of the individuals. By
waiting several years. comparable results may be obtained when one- 
eighth of a pound or  less of spore dust is usecl. 

Although data accumulated cluring late June  and early July,  re- 
lating to three-cluarters and one pouncl applications, favor these 
hearler dosages of spore clust, i t  is not a t  this time that  the bacillus is 
most urgently neeilecl, because the beetle has then passed the period 
in i ts  life cycle vulnerable to the organism ancl no amount of spore 
dust will prevent emergence of aclults. I n  the presence of any known 
concentration of Bacillus popillhe, especially a heavy one, high per- 
centage of cliseasecl grubs in early Ju ly  can usually be ascribed to s 
much reduced g ~ u b  population a t  that time of the year, explained by 
the transformation of healthy p u b s  to the pupal or adult stage during 
June. 

As the investigation developed, i t  became clear that  soil temper- 
ature is al)partntly a limiting factor in the effectiveness of the "milky" 
disease, irrespective of the amount of material usecl or the density of 
the grub population. Subsequent to &lay 4 to 6, the temperature was 
sufficiently high in the upper three inches of soil for BucBlus popi7liae 
to develop in the bodies of Japanese beetle grubs. The progress of 
the disease. however, was slow a t  lower soil temperatures, ancl i t  was 
not until Jiine and early Ju ly  that  any quantity of grub material 
talcen from the experimental plots indicated the presence of the bac- 
terium. 

Grub density as well as the amount of spore dust used is funcla- 
mentally important in determining the rapidity of establishment and 
spread of tllc organism. Plots in which the highest grub populations 
occurrecl r'esi~lted ultimately in a inore rapicl and consistently higher 
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percentage of disease. Whenever the grub population per square 
foot of turf is low, the use of spore dust equal in amount to that em- 
ployed where the grub population is high will in all probability neces- 
sitate a longer time for the disease to become established and will 
perhaps be accompanied by a slower build-up in percentage of dis- 
eased grubs. The incidence of disease was more rapid in the plots 
in which the spots of "milky7' clisease were laid closest together. 

I t  is somewhat difficult to evaluate the two methods employed in 
distributing the spore dust, whether to spot-dust i t  with a corn planter 
or  to nlis i t  thoroughly with sand, loam or fertilizer and broadcast 
by hand or  apply with a lime spreader. Both the spot a'nd broadcast 

TABLE16. RELATIVE OF 1944ABUNDANCE INSTARS, 
Figures are number o i  grubs per sq. ft. 

Plots and treatment in pounds 

1 / 8  1/4 . 1/2 3 /4  1 


Date Instar 1 2 3 4 5 6 7 8 9 1 0 T o t a l  


. . . . .2 .. . . . .  . . . .  5 -July 27 
. 

2 
3 

. . . .  

. . . .  
. . . .  . . . .  . . . .. . . .  

. . . .  . . . .. . . .  . . . .  
0 
0 

i l  3 .. .. 8 1 8 7 4 3 8 4 2  
Aug. 9 ( 2  

( 3  
. . . . .. . . .  . . . .  . . . .. . . .  

. . . .  . . . .. . . .  . . . .  . . . .  0 
0 

Aug.17 11 7 . 
6 i 
. . . .  

.. 2 8 1 0  11 5 

. . . .  .. 2 2 2 
. . . .  . . . .. . . .  

14 7 6 4  
3 2 1 8  . . . .  0 

2 2 4 3 4 2 3 4 4 7 3 5  
Aug. 24 

3 1 .. 1 .. . . . .  . . . .  . . . .  2 

Aug.30 
( 1  

, { 2
1 3  

17 1 
2 .. 
. . . .  

. . . .  
2 5 
. . . . .  

6 1 
2 4 
. . . .  

.. 4 
3 2 . . . .  

. 4 
6 4 . . . .  

33 
30 

0 

Sept. 8 
( 1

1: 
1 3 
1 4 . . . .  

1 . .  
4 . .  . . . .  

a 
3 
.. 

4 
5 
1 

2 . .  
5 6 
1 .. 

2 5 2 2  
6 5 3 9  . . . .  2 

Sept. 20 i1 
2 
3 

3 9 
10 2 
. . . .  

1 . 
. . 3 
. . . .  

1 .. 
1 .. 

. . . .  
' 

8 
2 
.. 

. .  
4 
4 

1 
12 
2 

.. 
3 
.. 

23 
37 
6 

1 . . . .  . . . .  . . . .  . . . .  . . . .  0 
Oct. 20 2 

3 
2 2 2 1 . . 3 
1 1 1 . .  . .  1 
- - - - - -  

2 8 1 3 2 4  
5 4 2 .. 15 - - - -  -, 

Totals 68 33 19 29 42 61 64 83 63 58 
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methods were used: hen-ever, in each case, the material was watered 
into the soil. I n  certain instances the first method nras better, whereas 
in others the second method appeared to be superior. I n  any event, 
however, i t  is advisable to water the spore dust thoroughly into the 
soil after applying the material by a method best suiting one's own 
needs. 

After J u l y  11,1944, a record was kept of the various instars and 
their relative abundance in all 10 experiments as  well as the in- 
ciclence of disease for  each instar. Grub populations varied among 
the 10 plots. I n  some they were considerably higher than in others. 
The incidence of disease was highest in the plots having received the 
most spore dust. The average percentage of disease in the first instar 
was 37.4 per cent and, in the second instar, 39.8 per cent. 

As the grub population developed during the summer, there was 
also an increase in  the percentage of diseased grubs. When the peak 
of grub abundance was reached, a high point in incidence of disease 
was noted. Delay in  development of the third instar and a pre-
ponderance of second instar grubs entering hibernation (virtually
twice as many seconds as  thirds, Table 16) can be attributed in part  
to an  unprecedented dry season resulting in a considerable delay in 
beetle emergence and a two-week lag in attaining maximum abun- 
dance; also, to the slowness of development of the grubs in dry  soil. 

Winter Mortality 

A study of mortality of Japanese beetle larvae during the winter 
was continued in 1943-44. Despite a lack of ground cover in the form 
of snow, considerable variation in grub mortality existed in areas of 
heavy beetle infestation in Connecticut. The  winter of 1943-44, al- 
though not exceedingly cold, was month by month consistent in  this 
respect. The mean monthly temperatures in the vicinity of New 
Haven for  December, January and February mere 29.2" F., 27.6" F., 
and 26.7" F., respectively. Snowfall for  the entire winter in the vicin- 
ity of New Haven was 13.30 inches, none of which fell in December. 
From the 10th to the 31st of December, the average minimum air 
temperature for  18 days was. +7.7" F. With the exception of the 
13th, when a trace of snow was recorded, the ground was entirely free 
from snow during all of December. F o r  10 days in January, the 
minimum air  temperature averaged +loo F. Snow cover was negli- 
gible throughout the month. During 15 days in February, the aver- 
age minimum air temperature was +7.5" F. The amount of snow 
cover on 24 of the 29 days in the month was zero. The remaining five 
clays of the month, however, had an average depth of snow of 3.06 
inches during a period of average minimum temperature of f7.6" F. 
There were, however, 10 additional days in February having no snow 
cover, during which time the average minimum temperature was 
+7.4" I?. It was found that,  in the localities in which the survey 
was made and nncler the conditions noted, the average Japanese beetle 
grub mortality during the winter of 1943-44 was 16.7 per cent with a 

C 
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low of 2.5 and a high of 43 per cent. I n  the winter of 19T2-43, having 
fewer clays when the ground \\.as not protectecl by snow, the average 
Japanese beetle grub ~nortality was 6.6 per cent. During the winter 
of 1944-46 when the gronncl mas protectecl by snou7 f i r  three months. 
the average grub mortality was 1.2 per cent. Soil temperatures a t  
one-, three- and six-inch clelrths a t  Mount Carinel were above the 
lethal for  Japanese beetle l u v a e  all of the winter of 1941-45 with the 
exception of 60 hours during the first \veek of February. 

A soil tenlperature of 15" F. is lethal to Japanese beetle grubs, 
ancl a fairly high nlortality may be expectecl a t  22" F. (1).Mail (2) 
and Fox (1) have shown that  there is a consiclerable lag in the at- 
tainment of low soil temperatures as the air temperature clrops, and 
this becomes greater as  the distance below the soil surface increases. 
Moreover, even a light snow cover has a definite insulating effect. The 
observations recorded above indicate that  no extreme mortality of 
grubs will occur over any wicle area a t  the air temperatures experi- 
enced and that snow cover definitely inflliences the effect of low a i r  
temperatures. ,-

Insect Parasites 

A comparison of Tiphin vernalis cocoon populations with J a p -  --
ancse beetle grub populations in areas in which the parasite had been 
colonized showed that a t  55 colonization sites representing 53.9 per 
cent of the total colonies in the State, Tiphia cocoons were present 
in 21 or 38 per cent of them. There appeared to be no significant 
difference between the average Japanese beetle grub populations per 
square foot of soil on the basis of year of parasite release. Apart  
from that, ho~vever, there was a marlted difference between the num- 
ber of Japanese beetle grubs in relation to the number of Tiphia 
cocoons in the same diggings. The older colony sites such as 1936 
and 1938 show a consiclerably greater proportion of Tiphia cocoons 
to Japanese beetle grubs in the soil than the more recent (1042) colony 
sites. 

Scouting for aclults of Tip'Aia ?:er?znlisand T.  popilliavo?*a en-
abled us to see that the spring Tiphia.. the former of the tn-o species, 
hacl survived in large numbers in several localities in Briclgeport, New 
Haven and  Hartford. Males were extremely abundant for one l-ieelt 
during the miclclle of Nay. Prior  to that time, a few were founcl on 
cach occasion the localities were ~isitccl. After the 17th of May, few 
or no male wasps 1vcre seen ancl the decline of this sex was noticeably 
rapid. Females \vere rstre~neljr clifficult to find and none was seen 
until the last day of May. Failure to find females nlay have been due 
to a lapse of a few clays in scouting. Owing to the parasite's depend- 
cncc on exact weather conditions for activity ancl the shortness of 
time during which i t  may be founcl, collecting is more or  less of a 
gamble, especially so when, by necessity, limitation was placed on 
frecluency of visits to colony sites. 
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Tiphin popilliavora, commonly lrno\vn as the summer or  fall  
Tiphia, is ~vel l  establishecl in a n ~ i m l ~ e r  of localities, displaying wide 
distribution in several of the principal Japanese beetle infested areas 
of the State. [Tp to 1944, a few of the colony sites were an abundant 
source of the species cluring the period of adult  flight. This  year 
(1944), however, owing to unprececlented dry \\-eather, very fe\v T. 
popil7+1vo7*cc coulc1,be found. A-ot oniy were the n7asps soniewhat cle- 
layed in emerging, but apparently many of the111 Sailed to  leave the 
soil. Wi th  the exception of Scasicle l['nrl\r in Bridgeport, practically 
no wasps were observecl a t  or  collected from any of the cololly sites in 
Connecticut. 

Evidence of the survival of the tachinid parasite, Centetcl* tin-
erea, which attaclrs aclult Japanese beetles, was obtained in early July,  
1944. I n  Riverside P a r k  in Hartforcl, beetles were founcl in large 
numbers feecling on ~ v i l d  evening primrose. A consiclerable pro-
portion of them bore Centeter eggs. The number of eggs prescnt in- 
dicated thc attack was more than inciclental. :[ number of beetles 
carried several eggs each, displaying fur ther  evidence that  the para- 
site ~ n u s t  have survivetl in  consiclerable numbers from the previous 
year. I t  is quite possible the par:~site is becoming better acljusted to 
its host in Connecticut, irrespective of abnor~nal  conditions prevailing 
in 19if4. I f  this be true, Centeter may perhaps in time play a par t  in 
the control of the Japanese beetle in this State. 
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H I G H  MEAN TEMPERATURES AS AFFECTING PLUM CURCULIO 
DAMAGE O N  A P P L E S  DURING T H E  PAST SEVEN YEARS 

It is well k ~ ~ o w n  thnt control of the p1111n cnrculio varies cnor- 
mouslg fro111 year to  gear in Connecticut apple orcharrls. As  shown 
by 1~'hitcomb1, activity of the adult beetle increases as  the temperatular 
rises, ancl is so marlwtl above 70 degrees that  Jfassachusetts spray cal- 
cnclars have incliidrd the  following recommendations : "Wait five 
days after 'Petal ]Tall Stage' and then apply (the spray)  as  soon as  
the rni~sill~llm temperature reaches 7.5 clegrees F. or higher ancl prom- 
ises to reach that  temperature on two successive days." It is inter- 
esting to observe tha t  a t  J lount  Carmel, Connecticnt, during three of 
the seven gears incluclecl in this study, mean temperatures above 70 
d e ~ r e e s14'. occllrrecl ~vi thin a week after the calyx or petal fall  period 
( F ~ g u r e  1 ) .  From our data i t  does not appear very probable that  

I Mass. Agr. Expt. Sta., Bul. 285. 1932 .  
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FIGURE Temperature data in connection with curculio damage to apples at  1. 
Mount Carmel. Diamond-shaped marks give dates of the calyx sprays. Periods 
when mean temperatures were above 70 degrees F. are shown in solid black; the 
heavy black lines show periods when the maximum temperatures reached 75 degrees 
F. o r  above. 



The European Apple  Sawfly 

high maximum temperatures immecliately follo~vingcalyx sprays nec-
essarily spell a severe infestation for the year. Both 1941 and 1944 
had periods of high lnaxilnuln temperatures (75 or above) following 
petal fall within a ~veekancl yet the infestation generally appeared to 
be light in spite of rariecl spray programs. 

Another factor of some importance influencing the severity of 
curculio damage to apples appears to be the ten~peraturesprior to 
bloom. During two of the four years of light infestation, tempera-
tures up to 75 degrees on two successi~eclays occurred before bloom, 
and this is thought to hare influenced the curculio in some way-pos-
sibly by bringing i t  Prom hibernation aheacl of scheclule and forcing 
it to seek other foocl. Thus, in 1044, one of the years in which this 
condition prevailed, curculio damage was light on apples but heavy 
on plums and peaches, indicating a trend a\i7ay from the apples to a 
more favorite food. 

These observations do not, of course, alter the advisability of ap-
plying sprays as recommendecl by the ~lassachusettsStation whenever 

?. the temperature reaches 75 degrees 3'. on two successive days, but i t  
does suggest that for Connecticut, a t  least, mean temperatures above 
70 degrees nay be connected more intimately with serious damage to 
apples than heretofore suspected. I t  is also believed that high tern-
peratures prior to bloom affect in some way the amount of clamage to 
apples that may be expected. 

THE EUROPEAN APPLE SAWFLY 

The European apple sawfly (Hoplocampa testudinea Klug) ap-
peared in Connecticut apple orcharcls for the first time in clestructive 
numbers during 1044. Specimens were received two years ago which 
are believed to have been the same insect, but we mere not able a t  that  
time to trace the origin of the specimens or to find the pest in the field. 
This year, however, consiclerable clamage mas clone to early apples in 
a Branforcl orcharcl ancl a partial surrey showed the pest to be pres-
ent from Guilforcl to Greenwich and back from the shore line for a 
distance of a t  least 10 miles. It mas not founcl to extend further 
inland but may exist in localities not surveyed. Damage to a t  least 
seven different varieties of apples was seen in the course of the check-
up, inclucling commercial varieties such as Baldwin, McIntosh, 
Gravenstein and Cortland. Damage was most severe on early ~ a r i -

A eties such as IVilliarns, Red Bird and Gravenstein. By  chance, the 
worst commercial damage this year was to the variety Red Bircl. 

The apple sawfly is known to occur in western Europe, including 
I Polancl, Germany, Denmark and Englancl. It has  been carefully 

studied in England. I n  America i t  mas discoverecl in central Long 
Island during 1939, but was also found in Victoria, British.Columbia, 
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in 1040. I t  probably has a much n~icler clistributio~~ iu this count,ry 
Illan is indicated by the reported clisco\~erics. 

Biology 


The  insect has heen stuclietl in considerable detail by Pj?ensori (4)  
who founcl only one ,generation a year on Long Islancl. Adults 
emerge early in spring about the time of the pink I)ucl stage. They 
begin to l a x  eggs shortly after emergence, preferring bright, sunny 
days, accorcllng to  several authors. I f  the weather is cool o r  cloudy, 
the sawflies spencl the clap hiclden in the grass or ot,hcr locations. 
Eggs are laic1 clnring full blooln or shortly thereafter anti are placed 
\vithin the calyx cup between t,he base of the st:imeris and the pistil. 
The young larva hatches clircctlp into tho calyx cup. The  incubation 
periocl of t,he egg is eight to  15 clays in Englantl, 15 to 1s days in 
Polancl ancl about a ~vet>lton Lorig Islantl. The  first st,age larva, us- 
ually mines the surface of the jronng apl~lc ,  lmviny iclcntlfying scars 
such as  are sholvn in Figure 2. After the first molt, t l ~ e  black head 
and dorsal plates of t>he larva change to a brown color ancl the habits 
of the insect also change. It now begins to  bore tlirectlg into the 
frui t  ancl t l lro~vs O L I ~a clisgusting I n a s  of brick rctl excrelncnt (Fig-  
ure 2) .  One larva. n~a j r  tnnncl as many as  six al~ples  according to 
Pyenson, ancl i t  is nbnnclantly clear fro111 our limited observations 
that  they often cnt,er more than one. According to Pyenson ancl Eng- 
lisll observers, the change from one apple to  another is usually made 
a t  ninht or  on days when t , l~ere is consitlerable ~nois t r~re  on tlie apples. 
Larvae leave the a l~plcs  during dune for pupation in the ground. I n  
1944, this was complete by June  20. Many apl)arentlp, leave the 
apples a.t, the tirile of the June  drop. The  larvae are said to  penetrate 
the soil only a few inches (one to  one ancl a ha l f ) .  

Control Measures 


Owing to the lrnhits of the apple sa\vfly, control mc:lsrll-c.s 111ust l)e 
:11'plied carlg in the season i n  order to  obtain satisf:~ctory ~*rt l~~vtinr i  of 
i n j ~ ~ r y .Consitlerahle empll:~sis is placetl in tlie 1l:nglisl~ literature on 
the lrse of nicotine coml,inetl with funeiciclec: ant1 spl.e:~tlrrs. There 
i s  alqo mention of some benefit fronv the 11-c of lead arscnatc. hut i t  is 
evident that  the  most effcrtive controls were ol~tainctl t1ie1.r I)y use of 
liicotinc or clerris compouncls. It is reco~nnicndcd by some that  two 
applications be nlarle in heavy infestations. but only onr in case of s 
l ight infestation. I f  only one tlBcatment is nertlt.tl. be ap- it  s l i o ~ ~ l d  
plied from three to piglit days after petal fall. Some morlters c la i~n  
that  the first spray sllonld be pnt on when a b o ~ ~ t  tliree quarters of the 
petals have fallen. Pyenson, ho\verer. had sonie tlifficulty with tlic 
usual spray program for he remarlts th :~ t  "the stnntlarcl calyx, cur-
culio, and first cover sprays do not apl>ear to hold the pest in check". 
Larval  control meawres sho~~lc l  obvionsly be directed against the  new- 
ly 11atched larva, from the time it escape.; from the egg until the first 
molt 1~11en i t  begins to penetrate morcA deeply into the apple. Dusts 
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C 
The European App7e Sawfly 

FIGURE2. Work  of the European apple sawfly, Hoplocori~patestudinea. 1. Cir-
cular scars from early larval feeding. These scars are typical of the European saw- 
fly. 2. An almost mature larva and its burrow. 3 and 4. Exit holes in young fruit. 
A single larva may infest several apples. 

to kill or repel adults have apparently been used with some success, 
and insecticides applied to the frui t  a t  the time of migration of the 
larvae from one apple to another cause some of the larvae to drop to 
the ground. They are then unable, according to reports, to crawl 
back up and'resume feeding. Judging from our own limited observa- 
tions, i t  appears that  well sprayed trees in the vicinity of heavily in- .. fested ones developed no serious infestations. Furthermore, the 
worst infestations mere founcl in orchards where one or more of the 
early sprays were neglected. We clo not attempt to predict, however, 
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what will 11:~ppen when and if the sawfly infestation becomes more 
severe. 

Possible Future Status 

The apple sawfly map easily become injurious enough to cause 
considerable annoyance to the orcliardists of Connecticut. However, 
because i t  has only one generation a year and because the larvae are 
easy to Itill with various insecticides, control shoulcl not be too diffi- 
cult. The fact that  a single larva destroys more than one apple maltes 
i t  a pest of real importzlnce, and the reports of the rather high per- 
centages of fruit  destroyed in a single gear rrialre i t  look really serious. 
On the other hancl, early blooming varieties are saicl to be more 
heavily infested than others, and the periocl of activity of the adult 
seenls to be rather short comparecl n ~ i t h  that  of other insect pests of 
the apple. Whatever happens, i t  is clear that special emphasis will 
have to be placecl on the pinli, calyx, and first corer sprays and i t  
may be necessary, as the insect becon~es Illore abunclant, to  consider 
the regular addition of such materials as nicotine sulfate or clerris to 
these sprays. 
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WIREWORM INVESTIGATIONS 

Aside from the obvious facts that  the eastern field wireworm, 
Limonizts agonus Say, is a serious pest on sandy soils and that  pota- 
toes and tobacco, the principal crops .grown on these soils in the Con- 
necticut River Valley, are seriously injurecl a t  times, very little is 
known about this pest. We are gradually accumulating information 
which, when put  together ancl supported by enough data, will enable 
us to  understand better what is talting place. Some of the 1944 ex-
perimental work hacl to do with chemical control but p e a t e r  empha- 
sis was given to stnclying the habits of the \vireworms in both the 
laboratory and the field. 

Feeding 

One of the most clifficult things to understand is the feeding 
habits of wireworms, more specifically, the eastern field wireworm. 
The only pronouncecl and clear-cut feeding period on potatoes is that  
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which occurs in early spring on the seedpieces. This usually lasts for 
one or two weelcs, and the larvae leave about as suddenly as they ap-
pear. The rest of the season's feecling, that which is measured at  
harvest time on the mature tubers, is the net result of all the feeding 
attempts over a period of many weelrs-from late July or early Au-
gust to harvest time. The eastern field wireworm is not a heavy 
feeder, as other species are reported to be, and only a small percent-
age of larvae present in a hill of potatoes feed at  any one time. I n  
fact, larvae, kept in clay pots in which potatoes were growing, for 
experimental purposes, failed to feed at  all on the tubers after the 
initial feeding period on the seedpieces. It is very common, from 
tuber-set up to about the time the tubers are an inch or two in di-
ameter, to dig hills in which there are a dozen or more larvae present 
close to the tubers and yet to find no injury. The mere presence of 
larvae in the hill is no true indication that injury will result and that 
such injury mill occur in proportion to the number of wireworms 
present. Feeding on tubers may or may not occur and those factors 
responsible for such irregularity remain undetermined. One of the 

2 aims of the 1944 experimental work was to determine the amount of 
injury attributable to varying populations and age groups. Larvae 
were collected from the field and confined in 12-inch clay pots in each 
of which a potato plant was growing. Unfortunately, the larvae fed 
iittle or not a t  all. 

I n  general, i t  may be said that the wireworms feed heavily on 
the seedpieces and then go for a period of eight or 10 weeks without 
any obvious effort to feed further. Starting in mid-July, the larvae 
feed a t  random and over a period of many weelrs. The per cent of 
tubers injured may be as great in August as in September or October 
but the degree of injury increases considerably during the same 
period, with the greatest injury occurring in early September. In-
jury counts made this year showed the per cent of tubers injured in 
August to be almost equal to that in October but by October the num-
ber of holes per tuber had increased from one or two holes to from 
six to twelve. 

Injury Records 

Injury records were again talren for potatoes on the green manure 
plots of the Agronomy Department, University of Connecticut. We 
now have data from the same plots for five consecutive years. Injury 
has increased somewhat each year so that i t  has gone from 10 or 15 
per cent of the tubers in 1940 to approximately 75 per cent in 1944, for 

C all plots. Population levels were not determined for these plots in 
1940, 1941 and 1942, and only crude approximations mere made in 
1943 and 1944, but the increase in injury is believed not to be clue to 

rn increased populations alone. This is based on population counts 
made in plots of a sitriilar rotation study at  the Tobacco Sub-station, 
Windsor. 
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Baiting 

One of the most successful wireworm control~methocls in use to- 
day has f a r  its objective the assembling of the wireworms to a suit- 
able bait crop before the main crop is planted. When the wireworms 
are assemblecl to the bait crop, a soil fumigant is  drilled alongside 
the bait row lrilling both the wireworms and the plants. After enough 
time has elapsed to allow the gas of the fumigant to escape from the 
soil, the main crop is planted. The success of such a practice de- 
pends largely on the number of larvae attracted to the bait. Field 
tests this year indicate tha t  under our conditions wireworms will 
assemble to a bait, corn in this case, as early as  the first week in May 
ancl in sufficient numbers to make the practice feasible. I n  view of 
the fact that this timing wo~~lc l  clelay our potato planting somewhat, 
greenhouse studies are now in progress to investigate the possibility 
of assembling wireworms to the bait rows first, planting potatoes be- 
tween these rows and then treating the bait rows with a sol1 fumigant. 
Such a procedure would give greater freedom in the use of bait crops 
in conjunction with potatoes, as  well as clelaying fumigation until the 
soils become warmer. k 

Attempts to bait the larvae in the fall, after the potatoes were re- 
moved, sho~ved that they clo not respond to baits a t  this time of the -year. Both cbrn ancl wheat were planted in late September on land 
which was heavily infested with wireworms but not a single worm 
came to the bait. 

Wireworms can often be baited away from one crop to another 

which is  a more desirable source of food. The Horticulture Depart- 

ment of the University of Connecticut has, for lnany years, been 

bothered with wirewor~ns in their fertilizer experi~nental plots a t  the 


.	Coventry Farm. Tomatoes ancl peppers always became infested with 
wireworms, a dozen or  nlore to a plant: ancl the plots hacl to be re- 
stocked several times. Since these plants were set out by hand, i t  mas 
a simple matter to add a piece of potato (wit11 the eyes removed) as 
each plant was set. This practice n-orlcecl extremely well, and the 
plants hacl a chance to become establishecl before the potato piece 
rotted, a t  n~hich time the irewo worms would come back to feecl on the 
former. I n  home gardens, vegetable or flower, the potato pieces car] 
easily be marked so that the potato, together with the uTorms that 
have come there to feed, can be rernovecl by hancl. 

Chemical Control 

Laboratory experiments mere conclucted to cleterlnine the toxicity 

of dichloro-cliphenyl-trichloroetl~ane (DDT) to larvae and adults. 

Because of the preliminary nature of these experiments, little can be 

saicl beyoncl the fact that  DDT is not effective against the larval form 

but is tosic to the adults. 


Both sprays and (XIIS~S  containing D D T  are toxic to the adults. 

and the symptoms of toxicity are apparent within a few hours after 
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treatment. The sprays were made by dissolving D D T  in deodorized 
kerosene and, although extremely effective at  the dosages employed 
(2 and 4 grams pure DDT per 100 cc. kerosene), a practical use of 
this method of application remains to be determined. All dust treat-
ments were macle with Gesarol A Dust containing 3 per cent DDT. 

Dust treatments were made on the soil surface since, in the ab-
sence of tobacco shade tents and other artificial constructions, the 
beetles spend all of their "life above ground" in close association 
with it. I n  these experiments, the soil in 12-inch clay pots was dusted 
and beetles subsequently caged over the treated soil. The rates of 
dust application, 50 and 100 pouncls per acre, were chosen arbitrarily 
because they appeared to cover the soil adequately. I n  half of the 
pots the D D T  was worked into the top inch of soil. 

One hundred per cent kill was obtained in all cases. It is ob-
vious that the lowest dosage required for minimum effectiveness was 
not determined but the fact that not a single beetle ever survived the 

% treatment is encouraging. Experiments planned for the  coming year
will be designed to determine the practicability and effectiveness of 
this method of control under field conditions. 

The effect of DDT on earthworms remains questionable. Most 
reports indicate that D D T  is not toxic to earthworms, but greenhouse 
tests on a small scale, using 8-inch clay pots and only small numbers 
of earthworms, are not in agreement with these reports. When placed 
directly in a dust containing DDT, earthworms soon show its effects. 
They are not as active as untreated indivicluals and show extreme 
hypersensitivity when touched. When placed in water, to 'wash off 
the dust, the worms slough off a slimy film. According to other 
workers, the earthworms soon return to normal when placed in fresh 
soil. Apparently then, as a contact poison, the initial effects of D D T  

- -

are soon overcome. 

Earthworms potted in soil containing about 100 pounds of pure 
DDT per acre did not show this initial reaction. They behaved 
normally for 14 to 16 days and then began to show symptoms of 
toxicity. While the number of earthworms involved was extremely 
small (eight worms per pot), all those in the D D T  pot died within a 
month while those in the check pot remained alive and healthy. Be-
cause of the slowness of the reaction, it appears likely that in this in-
stance the DDT acted as a stomach poison. 

Further greenhouse tests are now in progress to study the effects 
F of D D T  on earthworms when i t  is applied to the soil surface at  the 

rates most likely to be used in the field. Other greenhouse tests are 
being made to determine if the potato plants, chiefly the tubers, will 
take up DDT under the same conditions of application and dosage. 

* 
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DDT DUSTS I N  DOSAGE TESTS ON VEGETABLE PESTS 

Dusts containing D D T  (clichloro-diphenyl-trichloroethane) were 
coniparecl in closage series with materials ordinarily usecl to control 
the potato flea beetle, the potato leafhopper and the European corn 
borer. A11 clnsts were appliecl as  receivecl from Beigy Company, Inc., 
ancl tile series contained 0.5, 1.0, 2.0 and 4.0 per cent DDT. Dusts 
usecl for conlparison mere rnixecl in the laboratory using. pyrophyllite 
as the cliluent. All tests were macle on snlnll plots, replicated three or 
four times in ranclomized bloclrs. 

Potato Flea Beetle 

Newly-set tonlato plants were clnstecl 31ay 26 ancl June  3. Flea 
beetle attnclt was very destructive. Results were obtainecl by estimat- 
ing the amount of feecling (Turner, 1043). The data are presented in 
Table 17 and closage-response curves are shown in Figure 3. All con- 
centrations of I IDT were more effective than the most concentratecl 

O/o D D T - L O G  S C A L E  

6.25 12.5 25 5 0  
O/o C R Y O L I T E -  L O G  S C A L E 

FIGURE3. Dosage-response tests of D D T  and cryolite dusts used to control flea 
beetles on newly-set tomato plants. 

cryolite dust nsecl (30 per cent). All D D T  clusts caused a definite 
and striking chlorosis of the young leaves a t  the growing tips of the 
plants. The  plants apparently outgrew the injury, but i t  could be 
found when the experinlent mas concluded on June  25. 



- - - -- 

349 

L 

UD1' Dusts i n  Dosage l 'ests  o n  Vegetable Pests 

TABLE17. COLIPARISON DI)T A N D  C'RYOLITE DUSTSO N  TOMATOES CONTROLOF TO 
THE POTATOFLEA BEETLE 

-. -- - .-.- --. . .- -..-. --- ~. 
Material Concentration Per cent damage-

~- -- .-.---
D D T  dust 4 r0 %--- i 8 r-

2.0 18.3 
1.0 21.7 
0.5 21.7 

Cryolite dust 50% 36.7 
(pyrophyllite tliluent) 25 35.0 

12 1/2 38.3 
6 1/4 25.0 

Irish Cobbler potatoes were tl~lsted on May 26, June  2, S and 14. 
Flea beetles n7ere ~lloderately abundant. The damage was estimated 
on June  5. As far  as  flea beetles were concernecl, the first two treat- 
ments were the only ones mhicll ~l i ight  be exp~ctecl to produce results. 

The data have been tabulated in Table 18, with the yield per plant 
included ancl plotted in >'igure 4. All concentrations of D D T  were 
highly effective, and 1 per cent 1)DT producecl as good results as 2 
per cent rotenone in derris dust. The Ilighest concentration of cryo- 

s 
 lite dust (50 per cent) nras about as eifective as 0.5 per cent DDT. 
Yields were somewhat variable, but in general D D T  produced the 
highest yields, as ~ v o ~ i l d  be expected from the pest cont1.01. , , O/*GRYOLITE- L O G  SCALE . 
W 
-I 6,:s l2,5 27 :O a 

0 
m 

.25 .5 1.O 2 . 0  4 .O 
s % R O T E N O N E  8 D D T - L O G  SCALE . 

I:IGURE 4. Dosage-response curves for per cent protection 
toes from potato flea beetles. 

on Irish Cobbler pota- 

http:cont1.01
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TABLEIS. 	 OF DDT, DERRIS CRYOLITECOMPARISON AND DUSTS (PYROPHYLLITE 
UILUENT) CONTROLTHE POTATOLEA BEETLEFOR OF 

Yield (grams 

Material Concentration Per cent damage per plant) 


DDT dust 4.0% 
2.0 
1.0 
0.5 

Derris d ~ ~ s t  2.0% (rotcnone) 11.3 
1.0 	 12.5 
0.5 	 14.08 

0.25 	 13.5 

Cryolite dust  	 50% 
25 
12 1/2 
6 1/4 

European Corn Borer 

The potato plots described above \Irere examined on Jrlly 12 for 
damage by larvae of the first generation of the corn borer, wit11 the 
results listecl in Table 19 and plotted in Figure 5.  D D T  was some- 
what more effective than derris or  cryolite. 

Late sweet corn was dustecl August 2, 7, 12 and 17 for control of 
the seconcl generation of corn borer larvae. Results were obtained 
from August 21 to September 1by clissecting 20 plants froin each of 
the four replicates (Table 20). I n  general, D D T  and derris com-
parecl much as in the potato experiment. Both were mnch more effec- 
tive than nicotine-bentonite dust. 

Potato Leafhopper 

Green Mountain potatoes were 'clustetl .Jllly G .  18 and 23 ancl 
August 1, 16 nncl 22. The dusts were coml~arecl with Borcleaux mix- 
ture spray1 applied on the same dates. The results are given in 
Table 21 ancl plottecl in Figure G ancl show that D D T  clust was much 
nlore effective in controlling leafhoppers a n d  in reducing tipburn than 
Bordeaux mistnre spray. I n  fact, 1per cent DDT \xras equal to 4-2-50 
Borcleanx mixture in tipburn control and much more effective than -. 
Borcleaux in leafhopper control. Yields mere highly variable, but 
the D D T  plots yielclecl as well if not better than those sprayed with 
Bordeaux mixture. 

IThis test was conducted In cooperation with the Department of Plant Pathology
and Botany. Spraying was su1,erviseA I,y A. D. McDonnell and estimates of amount  
of tipburn were made by J. G.Horsfall. 
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O/O C R Y O L  ITE - LOG SCALE 

OAROTENONE 8 D D T - L O G  S C A L E  
FIGURE5. Dosage-response curves for reduction in damage by European corn 

borer on potatoes. 

.5-.25-50 1- .5-50 2-1-50 4-2-50 

CONC. BORDEAUX MIXTURE - LOG SCALE 

FIGURE6.  Dosage-response curves for protection of potatoes from tipburn. 
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TABLE19. 

Material 

D D T  dust 

Derris dust 

Cryolite dust 

No treatment 

TABLE20. 

Material  

D D T  . 

C'o?anectit:ut l3"aperintent Stat ion 

CONTROL CORN BORER POTATOES ANDOF ON USING DDT, DERRIS 
CRYOLITEDUSTS 

P e r  cen t  reduction 
Concentration- Number  in ju r ies  in injuries  

~ 

4.0% 34 79.9 

2.0% (rotc~lone 5 1 

50% 
25 

169 - _ 
-~ 

CONTROL CORN BORER ANDOF ON CORN USING DDT, DERRIS 
NICOTINE-BENTONITEDUSTS 

Number  larvae 
Concentrat ion ---- in 80 plants  

4.0% 88 
2.0 126 
1.O 129 
0.5 174 

Derris 2.0% (rotenone) 123 
1.0 135 
0.5 256 

Nicotine-bentonite 8% (nicotine) 139 

No treatment 

TABLE21. 

htnterial  

D D T  dust 

4 171 

292 

CONTROL ON WITHOF LEAFHOPPERS POTATOES 
BORDEAUX SPRAY~IIXTURE 

S n m b e r  I 'cr  cen t  
Concen- 1cafhol)per re(1uction 
trat ion- . \ u ~ .  2n y ~ n ~ , l i s  in len{lio~>pers 

P e r  ccllt reduction 
-~ in larvae 

69.9 
56.8 
55.8 
40.4 

-.~ ~ . - -

DDT DUST AND 

lTcr cent 
tipburn Yield (g rams  
i\llg. 13 per plant) .-

Bordeaux spray 4-2-50 26 31.6 73.8 275 
2-1-50 32 15.8 81.5 253 

1-0.5-50 44 . . . 83.7 255 
0.5-0.25-50 55 . . .  90.6 178 

Check 38 90.5 247 
-- 
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Discussion and Summary 

I n  these fielcl tests, the dosage-response curves for  D D T  dusts 
were very similar in slope to curves for other insecticides. I n  spite 
of the high toxicity of UDT, there was still very little difference in 
control as the closes usecl mere doublecl. 

I n  nlany tests, the results were highly variable. Much of the 
heterogeneity was causecl by an extreme drought which accentuated 
differences in soil clepth and fertility and in some cases caused great 
variation in the distribution of insects. The curves as drawn repre- 
sent a fair  estimate of the arerage mortality to be expected. On the 
basis of these curves, D D T  dust a t  0.5 per cent was inore toxic to potato 
flea beetles than 50 per cent cryolite. On the same pest, 0.5 per cent 
DDT was as effective as 2 per cent rotenone. Fo r  control of the corn 
borer attacking potatoes, 1per cent DDT appeared to be as effective 
RS 2 per cent rotenone. Fo r  prevention of tipburn on potatoes, 1 
per cent D D T  mas as effective as 4-2-50 Bordeaux mixture but, from 
the curves, 2 per cent D D T  shoulcl be about equal to 4-2-50 Bordeaux. 
I n  controlling leafhoppers, D D T  was outstandingly more effective 
than Uordeallx mixture. 

Literature Cited 

TURNER, The effect of diluents on the toxicity of pure ground derris root N., 1943. 

in tlusts. Jour. Econ. Ent., 36266-272. 


USE O F  DISODIUM ETHYLENE BIS DITHIOCARBAMATE 

(DITHANE) ON T H E  SOIL  T O  CONTROL INSECT 


PESTS O F  PLANTS 


The classical esaniple of controlling insects attaclring plants by 
lneans of a chelnicnl introducecl throng11 the root system has been the 
control of red spicler by selenium. I-Turcl-Icarrer and Poos (1) showed 
that insects died on plants growing in soil containing this chemical. 
Neiswancler ancl Morris (3 )  ancl Morris, Neisnrancler and Sayre (2) 
introduced selenium salts into ~vater ,  sand and soil cultures for the 
control of red spiclers on a variety of plants and of aphids on chrysan- 
themums. When the concentration of seleniu~n in the foliage reached 
90 to 100 p.p.m., tllc red spider population was practically eliminated. 
Half this proportion was eflective in controlling aphicls on chrysan- 
themums. 

The tliscovery that  disodiu~n ethylene bis dithiocarbalnate 
(Dithane) applied in solution to the roots of bean plants liillecl larvae 
feeding on the foliage was made by entomologists of the Rohm ancl 
Haas Company in the spring of 1044. This water-soluble organic 
compound mas developed as a fungicicle for  control of plant diseases. 
The fact that  such a compound co~tld be assimilatecl by plant roots 
and kill an insect feecling on foliage is of great importance. There 
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are several practical ways of introducing such materials into plants. 
Moreover, the wealth of orgqnic compounds which may be synthe- 
sized should contain materials toxic to insects and non-toxic to higher .. 
animals, For  these reasons preliminary esploratory tests were made 
in the field cluring the 1944 season, using Dithane for control of some 
common pests. 

Seed Treatment 

Bountiful bean seeds were treated with Dithane, Spergon (chlor- 
anil) ancl Fermate (ferric climethyl clithiocarbainate) a t  the rate of 
0.125 per cent, 0.25 per cent, 0.5 per cent and 1.0 per cent (by weight). 
Counts of larvae of the Mexican bean beetle macle on Ju ly  13 showed 
little evidence of substantial reduction in population of larvae per 
plant as comparecl with untreated checlrs. The 1per cent concentra- 
tion of Dithane, 0.25 per cent and 0.5 per cent Spergon and the 0.5 
per cent Fermate showed populations smaller than on any check 
replicate. The largest recluction was only 35 per cent. 

Solutions Applied to the Soil 

Solutions of Dithane in concentrations of from 0.5 to four pounds 
in 100 gallons of water were applied in trenches along the rows of 
growing beans. The rate was one gallon to the 10 feet of row in the -
plot, there mere three replications a t  random, and the treatment was 
made June  13. Co~lnts of larvae on July  13 (Table 22) showed that 
the 4 per cent solution reduced the number of larvae in each replicate 
to less than the lowest check replicate, and that  the total number of 
iarvae on the plants treated with two and four pouncls to 100 gal- 
lons mas less than on the lowest check. 

Irish Cobbler potatoes were treatctl on l l a y  26, June  1 and June 
14 in the same manner as outlined for beans. The  amount of feeding 
done by flea beetles was estimated (Turner, 4) June 5, the amount of 
corn borer damage (Turner, 5 )  on July 12 ancl the percentage of 
leaves dead on June  11. The results are given in Table 23 in com-
parison with both Bordeaus mixture spray and cryolite dust. Dithane 
did not reduce substantially the amount of feecling by the overwinter- 
ing flea beetles. Observation not supported by actual counts indicated 
that flea beetle adults feecling in Ju ly  causecl much less clamage to 

Number of larvae by replicates 

Concentration 1 2 3 Total 


None ,-

Check A 187 180 179 546 
Check B 266 266 268 800 

-
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TABLE23. EFFECTOF DITHANEWATEREDON IRISH COBBLER POTATOESAT THE 
RATEOF ONE PINT PER PLANT 

---. 

Material Concentration 

Per cent 
flea heetle 

damage -

Per  cent 
control o f  
corn borer 

Per  cent 
of foliage

dead 
k ie ld  per 

plant (rims.) 
. 

Dithane 4.0 111s.-100 
2.0 " " 

gals. 
" 

16.0 
14.0 

1 . 0 "  " " 19.5 
0 . 5 "  " " 18.75 

Bordeaux 16-8-100 
spray 8-4-100 

4-2-100 
2-1-100 

Cryolite 
dust 

50% 
25 
12 1/2 
6 1/4 

Check-no treatment 19.0 0 34.5 269 

the Dithane plots than to untreated checks. With the exception of 
one concentration, Dithane reduced substantially the amount of dam- 
age caused by the corn borer. Moreover, the Dithane-treated plants 
had a smaller percentage of clead foliage than any of the other treat- 
ments. As  far  as yield mas concerned, three of the four Dithane 
treatments yielded less than the check. However, the four Dithane 
treatments outyielded the four Borcleaux treatments. The apparent 
loss of yield as  the concentration was increased might indicate that 
Dithane was injuring the plants. 

Early sweet corn was treated with four pounds of Dithane in 100 
gallons of water a t  the rate of 2 1/2 gallons to 10 plants. Treatment 
mas made June  13, about one week after eggs had begun to hatch. 
Only 10 plants were treated, but a record was kept of the number of 
eggs hatching. Survival was determined by dissection of the plants 
Ju ly  7. The results are given in Table 24, with similar clata for 
nicotine-bentonite dust treatment for conlparison. 

-. 

Number eggs Number larvae Per  cent 
Treatment hatched survlvlng survival 

..-

Dithane 1,170 363 31.0 
None 990 35 1 35.4 

4% nicotine-l~entonite 2,988 563 18.8 
None 3,834 1.108 28.9 

-


The data indicate a slightly lower survival of hatching larvae 
than in the accompanying untreated check, but nothing to compare 
with results of a standard dust treatment. I t  should be pointed out 
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that trcatlnent applied to potatoes, \vhich started May 26, mas more 
effective than treatment ~nacle on corn relatively later in the season. 

Green 3lountain potatoes were treatecl on June 29, July 17 and 
August I, using four pounds Dithane in 100 gallons of water at  the 
rate of one pint per plant. On July 18, there nrere 20 leafhopper 
nymphs on 40 leaves, while the check had 3.5 nymphs. On July 25, 
the treatecl had 19 nymphs and the checli, 25. On August 2, there 
were 20 on the treated and 28 on the checl<s. Amount of tipburn mas 
33 per cent on the treatecl and 50 per cent on the checlr on August 
4. On the same date, 4-2-50 Bordeaux mixture hacl 2G per cent tip- 
burn. l'ielcl of tubers of the treated plants was about 5 per cent less 
than the check. 

Summary  and Conclusions 

Disodium ethylene bis dithiocarbamate (Dithane) applied as a 
seed treatment did not reduce the infestation of Mexican bean beetles 
to a marked degree. lVat,ered on the soil, i t  resulted in noticeable re- 
duction in population a t  the higher concentrations. On potatoes, sub- 
stantial reduction in amount of corn Borer damage was noted. Treat-
ment of corn appeared to reduce slightly the percentage of survival of 
hatching larvae. Substantial control of leafhoppers and of tipburn 
was noted on late potatoes. + 

These exploratory tests indicated that the plants absorbed Dithane 
through the root system and transported i t  in some form to the stem 
and leaves, where i t  had some effect on insects infesting the plants. 
The fact that an organic compound acted in this manner offers a very 
interesting new field for exploration. 
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EFFECT OF AN ALKALINE DILUENT ON CRYOLITE DUST 

The effect of mixing either acicl or allraline materials with cryo- 
lite mas described by B'Iarcovitch ancl Stanley (1). More recently 
Roark (2) has callecl attention to the necessity of using care in mixing 
insecticides, ancl especially acicl ancl nllraline materials. Neverthe-
less, both talcs ancl clays are mentioned reg~~la r lyin the literature 
as diluents for cryolite. Sometimes the same publications state that 
hydratecl lime should not be used with cryolite. The p H  of hydrated 
lime is about 12.0, and the talcs rary  from 7.0 to 9.1. Obviously, a talc 
with a p H  of 9.1 is less alkaline than hydrated lime. 

I n  order to demonstrate the deleterious effect of an alkaline 
diluent on cryolite, two field tests were made. Early tomato plants 
were clusted with a dosage series of cryolite dilutecl with a pyrophyl- 
lite ( p H  7.0) and a fibrous talc ( p H  9.1). The materials were applied 
May 26 and June 3 for control of the potato flea beetle. There were 
three replicates, and each plot contained five plants. The amount of 
damage was estimated on June 7, and the results are summarized in 
Table 25. The variation was large in the pyrophyllite series but, on 
the basis of the data in the table, i t  is evident that cryolite-talc is 
much less toxic than cryolite-pyrophyllite. At  best, 50 per cent cryo- 
lite-talc was not as toxic as 12 1/2 per cent cryolite-pyrophyllite. 

A second test of the two dust mixtures was made to control larvae 
of the seconcl generation of Mexican bean beetles. Dusts were applied 
to 20-foot plots replicated three times on August 9 and 21. Surviving 
larvae were counted August 25. The data are tabulated in Table 26. 

----. -- --. --- - - -
Per cent not damaged with diluent 


Conc. cryolite Pyrophyllite Talc 


50 63.3 55.0 
25 . 65.0 43.3 

' 12 1/2 61.7 48.3 
6 1/4 75.0 38.3 

None 16.7 16.7 
-- - --.--.. 

Per cent reduction in larvae-diluent 
Conc. cryolite Pyrophyllite Talc 
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On account of the estrenle drought, the infestation was not uni- 
form. However, in  three of the four concentrations, pyrophyllite mas 
by far  the more effective cliluent. .. 

Summary 

Cryolite-talc ( p H  9.1) dust was substantially less effective than 

cryolite-pyrophyllite ( p H  7.0) dust in controlling both potato flea 

beetles and Mexican bean beetles. 
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CERTAIN EFFECTS OF DEFOLIATION OF' DECIDUOUS TREES 

Defoliation of a tree results in colnples disturbances throughout 
the structure of the plant. Some effects can be measured as changes 
in nornlal structural clevelopment, sonle can be described as alterations 
in the chemical con~positioil of the plant, and certain effects are very 
difficult to describe in any accurate manner. 

Effects of defoliation on the production of fruit ancl fruiting 
structures have been observecl in some detail, but few studies of care- 
fully planned, controlled esperiments dealing with other precise ef- 
fects of clefoliation have come to our attention. The study of the 
chemical conlposition of cell sap and plant structures has provided 
some indications of the processes \~-hich may take place within the 
plant but there is a lack of agreement on many of the phenomena 
connectecl with clefoliation. h recent and interesting approach to an 
analysis of the vigor of trees has been studied by P a r r  (14), in which 
voltage gradients of trees were found to be correlatecl with physio- 
logical condition. However, neither of these considerations are within 
the scope of this work. 

The relation of clefoliation to diameter increment and growth of 
forest trees has been widely reported and is cliscussed in texts. It is 
generally agreed (2, ti, 8, 12) tha t :  1. Outright killing of healthy 
trees by one ilefoliation is confined to conifers. ( In  view of the resis- 
tance of tamarack in the Northeast to allnost perennial clefoliation 
by the larcll case bearer and the larch sawfly, this general statement 
should be restricted to evergreen conifers). 2. Frequent, repeated 
strippings of harclmoocls severely injure ancl often kill them. 3. 
There is  great variation in the effects of defoliation among species 
ancl within inclivicluals of the same species. This is dependent on fac- 
tors such as soil type, moisture supply, weather conditions, stand den- 
sity, tree maturity and inherent characteristics. 

7 
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Unquestiontll)ly, plant growth is regulated largely by the a~noun t  
of food which thc plant is able to  sjnthesize ancl accumulate. De-
foliation depletes the food supply and reduces growth of the entire 
tree due to  the loss of sugars and starches present in the leaves, to  
the depletion of the storecl carbohydrates in the stem ancl roots which 
are required for  new shoot ancl leaf procluction, ancl to  reduction of 
photosynthesis during the periocl while the leaf surface is reduced. 

As  pointed out by Heinjclre (9) ,  the first requirement for  a good 
food supply in  a healthy tree is a large, healthy leaf surface, well ex- 
posed t o  light. Fu r t l~e rn io~e ,development of shoots ancl leaves can- 
not occur without foocl p~*eriously provicled by the foliage. 

Tho American elni, UZmus arnericn~u6 L., is an important shaclv 
tree throughout much of the  eastern Unitecl States, ancl although i t  ih 
probably some\vhat more resistant to adverse growing conditions ant1 
t o  defoliation than many species, the elm, in growth response ancl 
habit, is fairly representative of nat i re  clecicluous trees in this region. 
This  tree is particularly suscel~tible t o  attack by defoli:ttors, ancl tht* 
two bark beetles, Scoly tus  ?7~.rtltistriatsts JIarsli. ancl 11yZtt~~gopinu.s 
rufipes Eichh., as well as the weevils, Nagdal is  spp., are commonly 
founcl in the bnrlr of elm. F o r  these reasons, t!le elm has been ern- 
ploycil here in studying certain effects of defoliation. The  problem 
Itlay be approacheel by the remol-a1 of a l~roportion of tlie total leaves. 
the removal of par t  of each leaf, gradual rcmoral of the leaf surface, 
a nun~bc r  of complete defoliations or  various combinations, but in  this 
study ninny of the esternal evidences of response to one nnd two 
complete defoliations hare  been observer1 and recorded. The rolum- 
inous charts of ~neasu re~ i~en t s  are ~nost ly omitted from this cliscus- 
sion but they are  sum~~~ar i zec l  ancl have strictly guiclecl the conclusions. 

Tlle tern~inology of Cl~ancller (5) is user1 for convenience. The 
term "slioot" refers t o  growth of the current season \vhile i t  still con- 
tains i ts  leaves; after leaf fall, i t  is called a "t~vig". The term "vigor" 
is usetl to describe n condition of growth with shoots. 

The Growth of Elm 

Altllougll s o ~ ~ ~ c  deci~luous trees \pt>cies of t~nquestionably co111- 
mence radial growtll in tlie t runk ancl linlbs before t l u  bucls open in 
the spring, the moocl cambium cells of elm beconle active only a t  sonie 
time shortly after the leaves hare  de\.elopecl. The  length of the pe- 
riod cluring which both radial and shoot growth continries rar ies  nit11 
the age of the  plant. Old trees have n very short period of go\\rt3li 

+ 	 and two-year plants may continue growth t h r o ~ ~ p h o n t  the surnnlc.1.. 
The  discussion of growth of f ru i t  trees by Chancller ( 5 )  applies as 
well to  the elm and to a, great number of other cleciclaous trees. Tn the 
elms observed, rndial growth was very largely complctcd by tl~t. niid --. 	 dle of J u l y  ancl the final layers of narrow, thick-~vnlled cells were 11s- 
ually formed by early September. There is little or  no meristr~natic 
activity during tlie winter season. and approximately 96 per cent of 
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the radial growth n-as formed from the lnicldle of May to the micldle 
of July. I t  is quite possible tha t  defoliation in  early June  may affect 
the current radial increment but the greatest eflect will not be apparent .-
t~nt i l  the following season. JIoreover, i t  has been shown (2, 12) tha t  
n reduction in annual increment as  well as other effects of clefoliation 
nlay be observed for  several succeeding years. 

The bud of elm is primarily a vegetative structure for, although 
the primorclia of leaf ancl flower inay be present within the bud, they 
are procluced from a vegetative t ip ancl do not arise directly from 
opening hi~cls as occurs in many plants such as the Rosaceae. 

The end bud ancl lateral buds near the end apparently inhibit the 
development of the other bucls on the same shoot ancl nearer the trunk. 
This tendency is kno~vn as polarity, and accounts for  the presence of 
lateral branches on current shoots only towarcl the tips uncler normal 
conditions. These rlevelop near tlle encl of the growth period. The 
nest season's buds, located in the leaf axils, remain dormant unless 
affected by some severe physiological disturbance such as clefoliation, 
mechanical injury or  exceptionally favorable growing conditions. 
However, the effects of these clistnrbnnces on the plant are all subject 
to qualifications. I f  defoliation occurs before shoot growth is com- 
plete, growth continues from tlle t ip  but the other buds already 
formed remain dormant, and the foliage appears tuftecl a t  the ends of a 

the branches. 1)efoliation after the cncl bucl is former1 stimulates the 
lateral buds as well as the encl bncl to produce new growth. The 
length of t i ~ n e  during which this new growth continues IS largely de- 
penclent on weather and soil moisture conditions. Although elm has 
no true terminal bud, seconclary g r o \ ~ t h  extends straight from the 
end blicl ~vit~hout fo r~n ingan  angle ancl is g~nera l ly  clistingnished only 
by ridges in the b:xrk left by hncl scales. 

l l ~ ~ r i n gthe saninler of 1913, branches of elm trees were period- 
ically rlcfolinted E'ron~ the miclclle of June until the middle of Sep- 
tember. New gro~vth  and refoliation occurrecl regularly until the last 
meek in August 1~11en three of 10 branches failed to respond. From 
that time on, there mas no further refoliation ancl most of the defoli- 
ated shoots diccl. Other trials in 1944 indicated that the buds of de- 
foliated elm shoots consistently resp;oncl by proclucing new growth 
tmtil sometime in late snmmer when treatment is ineffective and 
many shoots die. 

I t  was clenrly denionstratetl that the formation of an end bud 
and cessation of shoot growth is very closely associated with the 
available soil moisture. The  two-year-old potted elms used in de- 
foliation tests were waterer1 daily and continued growth until mid- 
.4ugust when the plants were inad~er t~ent ly  allowed to become quite 
dry. Shoot growth ceased and end bucls formed within 72 hours. 
Continued watering did not cause the buds to open again during the 
5enson. Comparable plants which were not watered artificially ceased 
growt,h by the end of the first week in July. 
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The Development of Elm Leaves 

The development of leaves of various species of plants has been 
studied (1, 7, 10, 13, and others) and i t  is known that  most of the 
meristematic growth in leaves of cleciduous trees takes place during 
the period when the bud is swelling and opening. Isanogle (10) 
found that  cell division which increased the number of cell layers in 
leaves of Cornus florida rubra A., from that  of the embryonic leaf to 
that of the mature leaf, occurred before the leaves were two cms. long. 
The great increase in size of leaves thereafter is due to cell expansion. 
I f  a piece of tissue is removed so that a hole is formed in the leaf 
blade, as commonly occiirs from cankerworm feeding early in the sea- 
son, the leaf may continue to expand to several times its original size. 
Neglecting a certain amount of dieback at  the periphery, the cells con- 
stituting the border of the hole continue to expand as do those in the 
rest of the leaf, and the increase in area of the hole is proportional to 
the increase in area of the entire leaf. The shape of the hole may 
change, however, depending on its position in the leaf, since the di- 
rection of cell expansion may differ throughout the leaf. Therefore, 
the degree of injury which is caused by insects feecling on leaves of 
deciduous trees theoretically remains constant throughout the season 
RS long as injury was insufficient to cause defoliation. 

Experimental Procedure 

Extre~ne variation in the degree of clefoliation brought about by 
leaf-feeding insects in nature, even on adjoining trees, precludes the 
use of naturally occurring defoliation when precise information is 
desired. Even in ~~oocllancls which appear to be completely stripped 
by cankerworms or gypsy moth larvae there arc often a few leaves, 
parts of leaves, or  irregular midribs remaining. Occ~asionally, when 
geometrid larvae occur in extreme abundance, practically complete 
defoliation may occur before the larvae are mature. Some feeding 
has been observed in such localities on dormant buds of new shoots; 
the new green shoots themselves are sometimes fed on lightly. More-
over, the variation in effect of defoliation on growth of apparently 
similar trees makes well planned randomization essential. For  these 
observations i t  was therefore necessary to defoliate the trees artifically. 
Since i t  is essential to control all the soilrces of variation possible, the 
gradual removal of the leaf surface of the experimental trees by in- 
sect feeding was prevented by protecting them throughout the season 
with sprays of lead arsenate and nicotine sulfate. 

Preliminary tests of defoliating trees by spraying the foliage with 
various chemicals were entirely unsatisfactory. The principal diffi-
culties are: 1. Itaterials which were effective in causing tlhe leaves 
to drop were injurious to tender new growth and often to new buds. 
2. When the concentration of chemical in the spray is lowered so that  
it is not obviously injurious to shoot growth, the leaves may die and 
turn brown without dropping. 3. There is a differential effect be- 
tween trees and between parts of R tree, depending largely on vege- 



tative development ancl exposure. 4. Tllhen leaves are ltillecl but do 
not drop, development of clormant buds and subsequent refoliation is 
inhibited. I n  view of these clificulties, i t  was found necessary to re- 

. 
,, 

move the leaves by hancl. They coulcl not be pulled or stripped off 
because of injury to tencler buds and new growth, but mere cut off 
with the thumbnail or  in some cases with scissors. The small portion 
of the petiole remaining quicltly dries and drops off as in nursery 
buclding. 

Early in the spring of 1942, 48 elms, 1 112 to 1 718 inches in 
diameter ancl nine to 12 feet in height were planted, six by eight feet, 
a t  the Connecticut Agricultural Experiment Station Fa rm in Mount 
Carmel. The  trees were fertilized ancl prunecl lightly to encourage 
their establishment but injury during the very severe winter of 1942-43 
macle i t  necessary to eliminate s i s  of the original trees. Since three 
treatments were included in the tests, the fielcl was divided into 14 
blocks of three trees each by colnnlencing a t  one corner of the field, 
proceeding up  ancl down the rows and placing the trees in groups of 
three as they occurred. Treatments were then ranclomizecl within thc 
blocks, thereby malting possible the segregzation of error due to such 
factors as  soil heterogeneity and variation in original size ancl vigor 
of the trees. 

The  trees which received one ancl two defoliations were defoli-
C 

ated a t  the time in early June  when canltermorms were in the latter 
stages of development, ancl when some nearby unprotectecl elnls were 
about completely clefoliatecl. Leaves were again removecl in late Ju ly  
from the 14 trees which received two clefoliations a t  a time when the 
cleveloplnent of the larvae of the first brood of el111 leaf beetle larvae 
corresl~onclecl to that  of the c n n k e r ~ ~ ~ o r ~ n s  ~nentionecl above. 

I n  addition to the plot of elms clescribecl, observations were ])lade 
of the total weight increment of 30 two-year-old potted elms de- 
foliated in  different -\rays. The elms to be potted were weighed 
with leaves attachecl ancl, a t  the end of the season after treatment, they 
were again ~veighecl in the same conrlition. The trees for  these treat- 
ments were numbered ancl chosen a t  ranclom. While records do not 
indicate the actual gain in clry ~veiglit of these plants, they do 
supply accurate infornlation on the relative effect of treatments. 

During the summer of 19.24, the same treatments were applied to 
the same trees in the establishecl plot a t  Mount Carmel for  a second 
time. After leaf drop in the fall, all thc last two seasons' twig growth 
was removecl ancl \veighed. Other measurements in 1944 were taken 
as in 1943. The trends were all similar but much more pronounced. 

Responses to Defoliation 
Dieback 

Graham (8) observecl t,hat the first parts of a tree to die as IL 

result of defoliation are the estremities. The diebaclr which occurs 
in new shoots a t  the time of clefoliation is probably due to excessive 
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evaporation and failure of water to move into the shoots as  i t  ~vould 
normally. Unquestionably, diebaclc of defoliated new shoots is in- 
tensified by hot, clry weather. The extent of clj~ing back of shoots and 
branches after refoliation appears to be governed by the reserve food 
supply of the tree as well as  the available soil moisture. 

Before treatment, all deacl ~voocl was pruned from the experi- 
mental trees. The total amount of dieback ~vliich occurrecl between 
the time of defoliation ancl the following May 1has been recorded and 
is considerecl to be largely attributable to clefoliation. I n  Table 27, 
the measurements have been cli.i~iclec1 into two classes: twigs of the 
current season and woocl one or more years old. "Total growth" in- 
cludes both live and dead ~vood of the current season. 

TABLE27. DIEBACKOF DEFOLIATEDELMS (111 Inches). 1943 
-. --	 --.- .--- - - - ---

- ~ - ~p ----
( ; ~ . ~ u pTotal hlenn per Trcc  Dieh:~ck 

r r - I I r 7 Tree I Total l'cr cent ol 
C r o ~ r t l ~  \\food diehack aron~th  mood total aro..r,th tr.t;il a1.owt11 

Control 194 50 244 1 1.3.8 3.6 17.4 1 10.531 2.3 
1 defol. 1,155 159 1,314 1 82.5 11.4 93.9 / 81450 15.6 . 	 2 defol. 2,638 666 3,314 189.1 47.6 236.7 10,364 32.0 

I t  is obvious without further analysis tha t :  1. The  length of 
current growth \vhich cliecl greatly esceecled that  of the wood one year 
and older in all treatments. 2. Diebaclc in the trees receiving one de- 
foliation rery  much esceecled the control trees in both classes of wood, 
ancl the amount of cleacl mood of each class occurring in the twice cle- 
foliated trees greatly esceedecl both of the other treatments. The 
-following season the trunlc, a t  least, mas alive in all the trees in this 
series ancl all of them leafed out the nest  spring. I n  fact, only one 
tree died follonring two seasons in ~ v l ~ i c h  the same treatments were 
applied. 

Mean and Total Length of Current Growth 
After leaf fall  in October, 1943, the live current growth was 

measured on the 42 trees under treatment. Many new shoots which 
t~acl clevelopeci after defoliation, as well as some o-f those defoliated, 
had died through part  or all of their length. This is not inclucled in 
the measurements below. TYhen the acljnstecl inean twig lengths are 
comparecl, the mean for the trees clefoliatecl once is folmd to be 
slightly greater than that  of the controls, tliough not significantly so, 
but both are inuch greater than the mean twig length of the twice 
defoliated trees. 

Contlol Onc dclol~ation Tt\ ~ ~ ~ ~ I I , I ~ I u I I <  

Adjusted mean twig lengtii 5.3266 6.1336 3 6334 

L)en~.c-rqof ;\lean reduced 1' value 
f reerlnm ( ~ 2 )~~-------- .-, -.- ---

13 3.1441 .61Iietwcc~l b l x s  
* 	 Control vs. treated 1 .0003 . . . 

( h n t r n l  vs. 1 defoliation 1 9.4300 1 .8 
1 vs. 2 defoliations 1 43.3718 8.4** 
Within 1,loclcs and treatmerlts 25 5.1491 1 
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I t  is doubtful if the initial clefoliation while shoot elongation is 
taking place stimulates shoots to grow any longer than they normally 
would; they are probably retarded. The slightly greater mean length 
of the twigs of the once defoliated t,rees is undoubtedly clue to:  1. 
Failure of the longer shoot,s to produce as inany laterals towards their 
ends as  the controls clicl. 2. The death of some of the shorter, 
weaker shoots. The proport,ion of short shoots is, therefore, less in 
trees defoliatecl before the end bud is formed. 

The mean total length of shoots produced per tree, acljusted on 
the basis of the proportion by which the previous season's growth for 
each group differed from the mean for all the trees, for the controls 
was 17.4 per cent greater than the mean for the three groups, one de- 
foliation was 4.7 per cent below the mean, and two defoliations re- 
duced total twig length 13.9 per cent below the mean. 

Number of Living Twigs 

One clefoliation resulted in a decrease in the number of live twigs 
at  the cncl of the growing season and two defoliations caused a sub- 
stantial increase over both gfoups in number of twigs. The first de- 
foliation occurred in early June, while shoot growth was generally 
still active. As inentionecl above, follo~ving clefoliation a t  such a 
period, growth continues as shoot elonfration but the lateral bucls in 
the asils of the leaves which hare k e n  removed remain dormant. De-
foliation a t  a later period, such as the time of the seconcl clefoliation, 
usually stimulates many of these lateral bncls into growth. The re- 
duction in number of twigs follo\ving one clefoliat~on as compared 
with the controls is due to cliebaclc of the shoots and failure to produce 
as many laterals. 

The number of twigs remaining alive at  the end of the season 
following treatment has been adjusted for  each group on the basis of 
the number produced during the previous year and is  indicated below. 

One Two 
Control defoliation defoliations 

Mean number of twigs . 139 114 162 

Per cent deviation from total mean +.S -17.8 +16.9 


Diameter Increment 

Since the length of the period of growth, both terminal and 
radial, decreases as trees grow olcler, until a time is reached a t  which 
very little growth is made and tha t  small amount may occur within a 
period of two or three weeks, i t  is anticipated that a retardation of 
radial growth may be evident in young healthy elms, which were 
defoliated before cessation of growth, in that same season. Table 29 
is a record of the radial increment of the three groups,of trees from 
April, 1943 to April, 1944. 
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Control l defoliation 2 defoliations 

Group, total increment 54.5 15.0 19.5 
Mean increment 	 4.60 1.07 1.42 
Standard deviation 22.37 703 ,712 

--- - .  

When defoliation occurred d u r i n ~  the period of radial growth, 
there was a rnarkecl decrease in radial incrcrnent for that season a t  the 
time of the first defoliation. A second clefoliation later in the season 
after growth had practically ceased dicl not affect the radial increment 
for that season. As  mentioned above, however, a greater reduction 
would be expected to occur in the twice defoliated trees during the 
succeeding years. 

A microscopic examination of the wood structure of two-year 
branches from these trees, stained and inountecl in glycerine, talren 
periodically throughout the summer, sho\vecl that, cluring the snlnmer 

r 	 of 1943, the period in which 95 per cent of the radial growth toolr place 
extended from about the third meek in May to the third week in July. 
During 1944, growth ceased a little earlier. There was no difference 
apparent in the physical structure of the growth rings of the trees in 
the three treatments, although i t  hacl been supposed that the renewed 
shoot growth subsecluent to defoliation might be accompaniccl by re-
newed radial growth. The large cells of the early wood were fairly 
evenly interspersed with large vessels. These cells graded Inore or 
less gradually into smaller, thiclrer walled cells of late woocl, contain- 
ing the wavy bands of smaller vessels and there mas no sharp clemarca- 
tion evident to indicate an abrupt change in cell size and wall thick- 
ness, generally recognized as a false annual ring, which might corres- 
pond to the time of defoliation. Since this change in cell structure is 
reported to be not altogether rare (4: p. 155) and certainly occurs 
after the defoliation of some species of trees, i t  is possible that its 
failure to develop here was due to tree species, age, or growth condi- 
tions. 

Kittredge (11) has recently demonstrated an interesting cor-
relation between the amount of foliage borne by trees or  stands and 
tree growth and size. H e  found a simple linear relation between the 
weight of foliage and basal area increment, and similarly with total 
volume increment. The regression of foliage weight on diameter 
was found to be linear when expressed in logarithmic units. How-
ever, when total leaf area (which is closely relatecl to leaf weight) of 
the trees in these tests was plotted against diameter, no correlat~on was 
apparent for any of the groups. This may be due to early pruning, 
to the fact that  the trees were only recently transplanted, or the dif- 
ferences in diameter between the trees may be too small to demon- 
strate a correlation with the foliage producecl. I n  any case, these 
measurements do  not invalidate the proposition that  such trencls exist 
nor reflect on the accuracy of this information. 
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Weight  of Terminal Grcwth 

I n  1044, tlie 42 elms in the esperimcntal fielcl were again de- 
foliated in the same manner as in the ~ ~ r e v i o u s  A t  the end of gear. 
the season, all livc twigs proclucec! cluring the two years of treatment 
were removecl ant1 ~veighecl. Sewre  mechanical injury to some of the 
trees restricted these nieasurc~nicl~ts to live of the original randomized 
plot.: of three tl-ccs racli, but the trend appca1.s clear. 

TABLE30. TWIG \\-EICIIT (Grams).  1943 and 1944 
. . -- . ~- -- --.~~ . ~~ -~ 

Control 1 defoliation 2 defoliations 
-- ~ -~ 

Mean weight per tree 363.66 105.9 78.9 
Sta~idarcl tleviation 298.7 29.94 20.98 

-- -
- . ~ ~ - - . -. -

Tlie variation in tvlig weights was :~c.t.entuatt.cl by the fact tha t  
one tree ~vhicll was defo1i:lted once c.:~cll sc:~son clicd completely and 
one which \r:ls twice clefoliatctl for tvro seasons lost all of the past -three seasons' growth. I n  adclition to this, there \\-as considerable 
variability in the twig weights of the other trees. I n  no case dicl the 
weight of twigs of a tree once defoliated npproacl~ the maximum 
weight of the controls nor did the most vigorous of the twice defoli- 
ated approach the ~nas iml i~n  ao f  the once clcfoliatecl trees. 

' ~ ~ \ B I . E51. ;\XALYSIS OF \.ARIAXCE. ' ~ \ V I G  \ ? y ~ ~ ~ l ~ ~ ~ ,19441943 A N D  

~ 

~ 

Degrees of 
freedom hfean squnrc F v;ilue 

- .  

Control vs. treated 1 245,273.3~- 7.2** 
1 vs. 2 defoliations I 1,822.0 . . 
Within treatments 12 34,191.6 

. -~~.-~ -- ~-

I t  is not surprising that the weight of the twigs produced by the 
twice dcfoliatetl trees is not shown to be significantly less than the 
twig weight of those clefoliated once. Although the mean length of 
twigs was less for the twice defoliated trees, the number of twigs was 
greater than the once clefoliatecl and the diameter increment was about 
the same or  slightly greater than the once clefoliated. It is believed 
t,hat the total effect of ~vithdrawing large aniounts of stored foods 
from the stern and roots to reproduce foliage may be lnuch more seri- 
ous to total twig weight ~vhen trees are defoli:~tccl twice each season 
khan when leaves are removed only once, but if this is true more than 
two years of observation \\loulcl be required to clemonstrate i t  in this 
plot. 

Number  of Leaves 

The mean numlwr of leaves per tree a t  the end of the growing 
season is compared for each treatment. Tllese totals are of general 
interest 1)11t tlicy c.;~nnot he ilsecl as an inclication of the photosjrnthetic 
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T h e  Corpora klllata of Alosquitoes 

Anopheles (Figure 12 : 9 to 12). 
I n  the Anophelinae, the corpus allatum conlples is an elongated 

structure shapecl solliewhat lilre a flaslr with a clefinite ncclr and a 
s~velling below the micldle, bearing a t  this point the c o ~ ~ p n s  :~llilt~inl. 
B y  their typical shape and consitlerable length, tlie corpora a l l t~ ta  
co~npleses of anopheline larvae are easily clistinguished fro111 tliose 
of other genera. 

Othe r  Genera (lcigure 13 :13 to  15). 
I n  the other genera investigated, the corpns allaturn complex 

varies in size and sllape. f'soroliltora ciliato lias a very short lieart- 
shaped comples. I n  Wyeonzyia  ~ ' ~ n i t h i i  and Uranotacnia sc/pplritina 
the conlplex is an elong>itccl structure which, as  fa r  as its shape is con- 
cerned, takes an  interlnecliate position between Aeries and Anoplieles. 

T h e  Corpus  Allatum Complex of t he  Adul t  Acdcs argypti 

The  corpus allatuln complex, like nlany other s t~~uctures  of the  
larval organism, ~mclergoes nieta~norphosis; i t  is tl.ansfornled during 
the pupal periocl into i ts  final iniagmal state. The  location of tile 
organ (luring this process does not change appreciably, for  i t  is still 
fount1 in the adult on the border between thorax and neck, ~iyhere i t  
remains closely connecteel to the aorta and a transverse tracheal trr~nli. 
However, drastic histolqgical changes have taken pldce. The  arlult 
comples is n111ch slnallcr tiinn that  of the larvae, :IScan be seen if one 
conlpares Figure 12 :3 ant1 l t  i g ~ ~ r c18:16. I\lorpliologically, the 
adult colnplcx is rcpresentccl by two small, rotuldisll bod~es, the cor- 
pora allata, each of which ih located on the side of tlie aorta. 'l'llese 
Lodies are connectecl with the transverse tracheal trunli by a n~as suf 
rather loosely arranged cells. Sections reveal that  this cell mass 1s 

rnade up of large cells wit11 large nuclei ant1 indistinct cell bol~n~lar ies  
(14'igul.e 13: 17 ancl 18).  I11 the region of tlie corpus allatr~ill, tllese 
large cells si~rrouncl the organ with a single 1:lyer of cells (Ii'igul-e 
13: 18).  The  corpus nllatunl itself consists of a great n111nber of slliall, 
closely packed cells with little cytoplasnl (l'igure 13 : 18). 

FIGURE13. 13. Whole mount of the larval corpus allatu~n complex o f  Wycntrtyia 
smitlrii. 14. The  same, Lirc~rtolncrria sap/:hirirra. 15. 'The same. I'snr-oplrorn rllitr/u. 
16. Wholr mount of the corpus allatum complex of an adult Acdcs nc!lyp/i. 17. 
Longitudinal section through the corpus allatum complex of an  atlult Acdcs ar:/ypti. 
18-24, Sections through the corpus allatum complex of Artlcs orgj'pli in d ~ f l e r e ~ l t  
stages of development. (Scale of magnification the same for 211 stages in t l~ i s  
ser~es.)  IS. Longitudinal section througli tlic complex o l  a young last instar larva 
shortly after the last larval molt. 19-21. Longitudinal section of the conil)lcx of 
successively older larval stages. Xote in 21 the liglit oval area in center of picture, 
indicating the appearance of the corpus allaturn proper. 22. Cross sectior~ through 
tlie region of the corpus a l la tu~n complex of a larva about ready to pupate. Kote 
small corpus a l la tu~n cells in center o i  picture. 23. Longitudinal section through the 
complex of a young pupa. Note the presence of three types of cells. 21. Longitudinal 
section through the complex of an adult mosclr~ito. 

a., aor ta ;  c. al., corpus allaturn; 1. c., large cells of corpus allatum complex; 
g., gut ;  in. c., intermediate cells in pupal corpus allatum complex ; tr., trachea ; t. tr., 
transverse trachea. 
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The Metamorphosis of the Corpus Allatum Complex in Acdcs argypti  

T h e  corpus a l la tu~i i  of ~ ~ i a t u r e  larvae, i t  may be recallecl, is corn- 
posetl of two cell types. 'l'licse are the  large cells which comprise the 
major par t  of the co~i iples  a n d  the sniall cells wl~icli are  grouped to- 
gether into an  oval-shape(l body, the  fati ire corpus a l l a t r ~ ~ n  of the 
adult. Th is  situntion, however, is Sound only in the fully gro\\.x-r 
larva. Tn tlie younger larvae only one cell type can be reco~nized ,  
~vllich apparently belongs to  the  first type. I t  is only as the larvae 
s p ~ ~ r o a c h  \171-retlier or  riot these 11upation tha t  the snlall cells appear. 
s111all cells are  :ilreatly present before they become conspicuous is ditfi- 
cult to say fo r  tlie following reason. Tlie large cells are of the type 
~vliicli grows by increase in vo11111ie rather than by cell n~l~l t ipl icat ion.  
Since they are relatively small themselves in young last instar larvae, 
they niiglit fo r  this reason be indistinguisllable f r o ~ i i  the sniall cells, 
slioulcl these be already present. T h e  clevelol)mental events in the  
corpus allatnm c o ~ n p l e s  dur ing  the last larval instar are  shown in 
F igure  13:  18 to  22. These figures sho\v the corprls allatuin coniplex 
of Live successivelg older stages p11otogral)hed a t  the  saine magni ca-
tion. I'igure 13:  18 represents the comples of a young last instar ? 

larva shortly af ter  the last larval niolt, while Figure  18: 22 shows tlie 
same structure of a larva a b o r ~ t  ready to pupate. I'ig~ire 13: 19 to  21 
sho\rs intermediate stages of development. Th is  cleveloplnental series J 

brings out clearly the  Eollo\ving three c levelop~~~ental  1. Tlieevents. 
cells we have termecl "large cells" increase in size as the  larvae be- 
come older. 2. U p  to  the  stage s l~own in Figure  13 :20. only one type 
of cell can be clistinguislied in the complex. 3. A t  the  stage shown 
in Icigure 13:  21, the  forniation of the  oval body with its sl,ccial cell 
type begins. Th is  is seen in Figure 13 : 21 by the fa in t  outline of a 
ror~ndish cell structure inside the mass of large cells. Ye t  a t  th is  
stage there is still no clear difference in cell size between the cells of 
th is  body ant1 those surrounding it. A little later in development. 
ho\rever, a s  sliown i n  Figure 13 :  22, the  two cell types are  very dis- 
tinct. 

W e  have already mentioned t h a t  the  adul t  corpus allatum corn- 
ples  also consists of two types of cells: of large cells, less numerous, 
an11o f  smiill c-ells, more nlllneroas, t.han found in the larvae. I n  the 
l ight of these facets, i t  is pertinent to  aslr ~vhe ther  o r  not the large and  
small cells forrntl in the  larval organ are  identical with the t\vo cell 
types fount1 in the  adul t  structiire. As f a r  as the small cells of tlie 
arl111t complex are conccrned, tlieir identity with the  small larval cells 
seems to  be certain, fo r  one finds thern in the riglit position and typical 
arrangement throughout tlie entire pupal period u p  to  the  adul t  stage. 
T h e  large cells of the  larval comples, however, are  a different matter. 
T h e  nl~clei  of these cells incrcase greatly in size a t  pupation a n d  
shortly thereafter. I n  the  young pupa (F igure  13323) tliese nuclei 
are  trementlous, and  many of them seeill to  untlergo clecenerative 
11.odifications. A t  the  same time, a new cell type has appeared. I t s  
nuclei are  intermediate in  size between t h a t  of the  large and  small 
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The Corpora A l k t a  of Mosquitoes 

cells (Figure 13 : 23). Jloreover, tliese new cells are  grouped around 
the slriall corpus allatum cells in inuch the same way as  the large 
cells which later surrouncl the imaginal corpus allatuin. From this, 
one is forced to  conclucle that  the cell layer which envelopes the im- 
aginal corpus allatum is not derived fro111 the large larval cells but 
collies from a clikferent kind of cell, those of the i~itermediate type, 
which malrc their appearance in the yonng pupa. These cells appar- 
ently grow in size as pupal development continues, until they reilch 
thew full  size in the imago (Figure 13 : 24). A s  f a r  as  the large cells 
which conlprise the anterior par t  of the adult complex a re  concerned, 
their origin i s  problematical. Since, however, they closely resemble 
the cells surrounding the corpus allaturn, we might regarcl them as 
identical. 

On  scrutinizing the situation with regard to  the metamorphosis 
of the corpus allatum complex, we come to the following conclusion: 
the large cells of the larval complex a re  purely larval structures, which 
disintegrate during pupal life. The  small cells present in the con~plex 
of the inature larvae represent the  future corpus a l la tu~n  of the imago. 
The  large cells of the imaginal coinples arise from cells which are  de- 
tectable first in the young pupa. 

Discussion 

The identity of the structures composing the corpus allatum com- 
plex has to  be discussed. Althongh this seems to be a s i i ~ ~ p l e  matter, 
yet i t  is not. The  corpus allatuin complex is closely associated with 
the stomatogastric nervous systein in insects. This  is the difficulty, 
for our Irnowlege concerning this par t  of the nervous system is ex- 
ceedingly hazy. Spealring of Diptera, and loolring into the liter- 
ature on this subject, one finds a fair  number of investigations, but 
most accounts are olcl. The nerves of the sto~natopastric nervous svs- 
tern are very delicate and diflicult to  trace without special efforts and 
methods. The older investiyators made the effort, but they did not 
ha1.e the methods. The  inore recent investigators have hat1 the 
methocls, but their efforts are lacking. \\'hat apparently happens is 
that  older ideas are taken for  granted, \~lithout re:llizing how inac- 
curate sonie of the older descriptions pf necessity must be. illoreover, 
with this slretchy lrno~vledge as the baclrgror~nd, the investigators re- 
late and ho~nolopize structures and systems about \vhic.h they lrnom 
but little. The  results of such efTorts are. to say the least, not very 
enlighteninr. This  lamentable situation exists for all Diptera, but 
i t  is especially noteworthy in lower Iliptera. I n  the light of these 
facts, i t  seems to be rather f r~t i le  nt the present to c80inpare and 
homologize the structnres of thc corpus allatnm complex in Culic- 
idae describecl here, with apparently similar s t r ~ ~ c t u r e sfound in 
other groups of Diptera. V'e shall thus restrict our cliscussioil to  a 
few reinarlrs, fo r  we Irnon7 so little. 

The  only structure about which we can be reasonably certain is 
the paired corpora allata. I n  Culicidae, as one will recall, this organ 
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is already present in tlle fully grown larva, and is represented in the 
iniago by two ror~ndisll 1)oilies 1oc:~tecl on either side of the aorta a t  the 
distal end of  the co~nl)les. Co1.1)ora allata, or  structures which must 
be regarcled as  such organs in lower dil)terous larvae, have been de- 
scribed by Dogie1 ( 2 ) ,  RIiall nnd Halnnlort~l ( S ) ,  Hol~ngren( 5 ) , Imms 
( t i ) ,  Iprew ( : 3 ) ,  Selllre ( l o ) ,  1<111-tt ( I ) ,  Zee and I'ai (11).  Fo r  the 
i~tlaginal corpora allata of lower Diptera only two accounts are avail- 
able. Kabert ( 9 )  has described the aclr~lt cotbl)ol.a allata in two ti1)tllid 
species, yet in a recent paper by Zee and I'ni ( l l ) ,  tle:lling with the 
metamorphosis of tlie co~-pris n l l a t ~ ~ ~ n  it is complex in Chi~.onon>r~s, 
stated that  the corpora allata atrophy tlurinz pupal life ant1 are licnce 
colnl)letely lacking in the arlult. Tllese findinps are peculiar intlt.ed, 
f o r  it would be the first inst:~nce among the a d ~ ~ l t  1)iptel.a invest ip~ted 
so far,  in wliich corpora allwt:~ are n~issing. \Ye I I ~ I I S ~hesitate to ac- 
cept the evidence brought forth by Zee and Pa i  before the results of 
a reinvestigation are  available. 

IT'hat kind of organ is represented by the par t  of the l a r ~ a l  rom-
plex made up of the large cells is diflic~tlt to say. Bur t t  (1) calls the 
paired organ, closely connectetl \vith the corpus allatum in t i l ) ~ ~ l i d  7 

larvae, the oesophageal png l ion .  Sclllte (10) nanles what is zip- 
pareutly the same strnctilre tlie pha~.ynge:tl ganglion. I n  Cllirononius 
larvae there is, accorrling to U l~ r t t  ( 1 ), as f a r  as one can make ollt. no ', 
mention of any s t r ~ ~ c t ~ ~ r e  position comparable to  tlie situation in in a 
Culicidae. Yet Zee an11 Pa i  ( l l ) ,  again in Chironomils, tint1 clefirl~tely 
& structure connecterl wit11 the corplis a l l a t i ~ ~ n  which they call "strand 
cells", which very much resembles the "large cell" structllre in the 
culicid complex. These alltliors, moreover, fin11 another paired organ 
Iocatecl distally frorn the rorpns al la t t~m. which they recarcl as  the 
corpus cardiac~lm. Wha t  has been and still is known in the literature 
as  the pharyngeal o r  oesophngeal ganglion is namerl corpus carcliacum 
by more recent investigators (see Hanstriim. 4) .  \Yhether or  not the . 
paired structures in Culicidae composed of the large cells are the cor- 
pora cardiaca is, holvever, not so certain, for  we must remember tha t  
these organs seem to break do\vn during pupal life. If they are the 
corpora carcliaca, what then are the large cells which inalce up  the 
major par t  of the adult complex? JVe might assume them to  be the 
corpora cardiaca too. The  dilemma is olsviol~s. One more point must 
be mentioned: i t  is bv no means certain that  all of the larrre larval cells 

Q 

degenerate, nor that  the cells of intermediate size which anpear d ~ ~ r -  .. 
ink pupal life are new cells. It seems a plausible assumption that  only 
some of the large cells atrophy and disappear, while the remainder 
nnclergo drastic changes, become intermediate in size ancl are grad- 
iiallv transfornlecl into the larze cell structure of tlie adult. From 
such a point of view and regarding the large larval cells as  the  corpus 
cardiacurn par t  of the con~plex, the par t  of the imaginal complex 
containing the large cells i s  but the metamorphosed larval corpus 
carcliacum. Wi th  so much uncertain. i t  is well to  remember tha t  much 
of what has been said is suggestive rather than conclusive. 

http:intlt.ed
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-. Effect  of Akztnzinum Su l fa te  and KoZofog 

Summary 

. 


-


The larval corpixs allatuin co~llplex in various genera of Culici~lae 
is described. 

The met~an~orpl~osis of the larval corpus allaturn complex is pre- 
mntecl in solne more detail f o r  Aedes aegypti .  

Our present knowledge o'f the corpora allata in lower Diptera is 
cliscussed briefly. 
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NOTES ON T H E  EFFECT OF ALUMINUM SULFATE AND KOLOFOG 

IN  LIME SPRAYS APPLIED TO SOYBEANS AS REPELLENTS 


FOR T H E  JAPANESE BEETLE 


Applications of hyclrated lime, 20 pounds pltis three pounrls of 
alurilinlim sulfate in 100 gallons of water, were not entirely satisfac- 
tory when applied to the foliage of fielcl-gro~rln eclible soybeans for 
control of the Japanese beetle during the season of 19433. Immedi-
ately follon~ing an application the beetles were less numerous, btit the 
plants became reinfestecl within a few clays. The amount of lime 
adhering to the foliage mas not suffibient to maintain effective pro- 
tection. 

Laboratory tests with stickers and spreaders for lime were con- 
ducted on plants in the greenhouse, and IZolofog, in comparison with 
rtluminum sulfate, appeared very promising. As the beetles, when 
caged, mill feed on folia,ge sprayed with lime, field tests were neces- 
sary to determine the respective ~a1ue.S of the materials. 
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I n  the spring of 1944, the edible soybean, variety Hokkaido, was 
planted in plots 17.5 feet square, each containing seven rows 30 inches 
apart. The  plots were spaced 7.5 feet apart  to  provide a safety zone 

d 

to offset wind drif t  of the spray materials. Each spray was repli- 
catecl four times on randomized plots. The sprays, their concentra- 
tions, and the resulting beetle defoliation are given in Table 37. 

The sprays were applied three times, the first on Ju ly  21 and 22, 
the second on August 1 and 2, and the third on August 16 and 18. 
The first application was made as soon as the beetles began to  appear. 
The second and third applications were macle as the beetles began to 
reinfest the plots sprayed with 20 pounds of lime? plus three pounds of 
aluminum sulfate t o  100 gallons of water. This spray wa.s used as 
a standard. 

Per cent 
No. Pounds Pounds Gallons defoliation w 

1 Lime 20 Aluminum su!fate 3 Water 100 3.62 

2 " 7 1 / 2  2 1/2 100 . 6.12 


5
15 1 5.6743 " " 
'6
 100 

30 ' 4  " 10 100 2.65 
" 10 Kolofog 1 1/2 100 6.75 

,
5 

"
6 10 3 100 5.33 
7 " 10 < 6 100 5.25 

8 " None 6 I 6 100 5.25 

9 Check ( N o  treatment) 5.75 


I n  recording the percentage of beetle defoliation, the leaf stllnples 
were taken from the five insicle rows of each plot, omitting sampling 
for  18 inches a t  both ends of each row. Six samples were taken from 
each row, giving a total of 30 samples for  each plot. As each test 
was replicated four times, the percentage of defoliation was based on 
120 samples. 

The No. 4 spray, containing 30 pounds of lime plus 10 pounds of 
aluminum sulfate to 100 gallons of water, gave results significantly 
better than the stanclarcl spray (No. I) and the check (No. 9) .  None 
of the other sprays (excepting No. 1) gave any improvement over the 
check. An analysis was made of the crop yielcl for each t rea t~ner~t ,  
based upon the air-dry weight of the beans and pods of 50 plants from 
each plot, and there were no significant differences among sprays. 

The drought of the summer season of 1943 ancl of the spring and 
summer of 1944 resulted in retarcling the populat,ion increase of the 
Japanese beetle and less defoliation occilrrecl than was expected. 
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APHONUS CASTANEUS Melsh. 

As previously reported ( I ) ,  thircl instar larvae of the scnrabaeid 
Aphonus castaneus Melsh. were collectecl in Connecticut by McCabe 
and \Vhite in 1941. I n  late September ancl October, 1942 (2), third 
instar larvae, probably of another brood, were talien from turf which 
had been badly damaged in the towns of Orange and IVallingford. 
These infestations were outbrealis of a local nature and larvae were 
found as numerous as 83 to one square foot of turf area. Other in- 
festations were found in B1oom;ield ancl Hartford. 

Very little information was found in the literature on the life his- 
tory and habits of this insect: so numerous field obser~rations were 
made to obtain further dnta. \\'hen the lirst diggings were made in 
September nncl October, 194% the larvae (the epipharynx nncl raster 
are sl~o\vn in 1;igure 14) \\-ere fount1 in the upprr inch of soil. Later 

I:IGURE 14. Apkor~lts  castattrzts. 1 .  Epipl~arynx,enlarged 24 times. 2. Raster, 
enlarged 7 times. 

in October, just prior to the time the soil \vas frozen. the majority of 
the larvae were found in the upper'forir inches of soil. On April 1, 
1943, a digging was rr~acle in Orange to a depth of 12 inches, the results 
of which are given in Table 38. As the turf was heavy and the soil 
contained many small stones, i t  was clificult to observe the location 
of the hibernatinz cells. Those which were obserrecl were noted in 
the upper four inches of soil. . 

On April 3, 1943, a digging was made in Wallingford. T'ne 
larvae were all less than six inches below the surface: with the ma- 
jority in the upper two inches. Hibernating cells were more easily-	 observed as the soil nras comparatively free of stones. Sliunks had 
been working at  one of the infestations, unusually early in the season 
for them. 
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TABLE38. DEPTHS AT W H I C H T A R V A E  OF A. cnstaitcrls \YERE FOUXD 
ON APRIL1. 1943 

-
Depth in inches Xumber of larvae I'er cent 

-

Dntr Location Larvae Pre1)upae Pupae .\rlults 
July 6, 1943 Orange 7 3 4 0 
July  9, 1943 Orange  8 25 5 1 0 
July 15, 1943 Orange 1 4 30 0 
July 20, 1943 Orange 3 0 22 11 IJuly 29, 1943 Orangc 1 U 31 66 

The first pllpae were oht:line:l in the field in the nppcr f o l ~ r  inches 
of soil on Ju ly  G ,  194:3. filale ant1 fe111i1le 1)111);1t~ ; I I Y  i n1)i(*t111wl 1:ig-
ure 19. we1.e f t r~~nt l  i1.1 \Y;~llil~gfortlon'Tile first a d ~ ~ l t s  in the soil 
I I 1 ( 3 ) .  111;1tle'I'l~e season \v:~s \-c~.p t11.y a1111 in tlle ~ l i p q i ~ ~ p  
on Ju ly  29, 1'2 of the pllpae an!l 9-1 o f  the : ~ t l ~ ~ ! t s  ~ O I I I *\\.(.re fo1111t1 to 
six incl~es below the sl~rfnce. \vl~ile the re~~l;iin!lcr \\-ere in t l ~ e  rll)l)er 
four inches. Field rec-ol-tls of the tlevelol)l~~cntof the plll)iie and 
adults in Orange are given in Table 3!). 

No other dirgings were ll~arle l~nt i l  -i\ug~ist I f ,  19-13, ant1 all of 
the insects f o ~ ~ n t l  stage.were in the a t l ~ ~ l t  


A n r ~ l ~ ~ b e ~ .  were
of larvae ant1 I)lselx1l)ae taken into the lul)or;~tory 
reared t o  the adult s t t~pe ; ~ t  I.OOIII t e l~~pernture. l'he d ~ ~ ~ ' a t i o l iof the 
pupal periocl is s11o11-n in Table 40. 

TABLE40. D U R A T I ~ N  PVPATTON OF A. cnstntrrrrsOF PFRTOD 
AT ROOM'I'EAIPERATURE 

Prepupa Pupa Adult Pupal period 

1 6-28-43l 7-1 8-43 8- 1-43 I4 ;days 

2 6-28-13' 7-10-41 7-24-43 15 

3 7- 2-43 7-18-43 8- 1-43 14 

4 7- 2-43 7- 7-43 7-22-43 16 

5 7- 6-43 7-10-43 7-24-43 15 

6 7- 6-43 7-15-43 7-29-43 15 

7 7- 8-43 7- 17-43 7-31 -13 15 

8 7-10-43 7-21-43 8- 5-43 16 

9 7-12-13 7-15-43 7-28-43 14 


lo 7-12-13 7-15-43 7-27-43 13 
11 . 7-12-13 7-18-43 S- 2-43 16 

1 Reared from larvae. 



ile. 2. Female. Enlarged about 
umes. 

Field observations were made a t  \veelrly intervals in 1943 for  evi- 
dence of adrilt emergence. KO :~clr~lts above tlie soil rindwere f o ~ ~ n t l  
no emergencbe holtls \\ere seen. Xdi~l t s  \Irere ol)t:~inetl from the soil 
during periodic diggings in the fall. Vslrnlly they were found in tlie 
piipal cell or  nearbg. As tlie sc:lson p~,ozi.essetl. niost of tlie t1tl111ts 
were founcl a t  abor~t  forir inclics in tle1)tli. Those pupating a t  a 
shallo~ver depth had moved clo\vn\~-arc1 as the soil l~ecatile colclel.. 

No eggs were forind in the soil nntl a nnml)er of atlr~lts were talten 
t o  the laboratory for  f~ri- ther  ex:~nii~i:~tion.The  ovarioles in tlie fe- 
m:iles were well c1c1~elol)ecl b11t no ~ i i a t l ~ r e  eggs were p~.esent. I'airrd 
atlr~lts mere kept in the 1al101-ntol-g at  room te~nl)c~.ntrir.ein s~iinll  

'I, tins containing soil th ro~rghor~t  No mating was observed the winter. 

a t  any time ancl no eggs were obtained. 


During the early spring of 1044, a few adirlts were obtained from 
diggings in the field. On May I!. a total of 23 atllrlts was founcl in 
the upper inch of turf over a consiclerable area beiny examined for 
Japanese beetle larvae. After  numerous daily and a few evening ob- 

4 
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servations in May and early June, two adults were talren on June  16 
about 10 o'cloclr in the morning. One was observed emerging from 
the soil. It crawled over the turf for a short clistance and toolr flight. 
The other was talren while trying to enter the soil. h few clays later a 
few adults were observed in clumsy flight aver the turf. The adults 
were never numerous. None was observecl feeding nor taken on foli- 
age. No eggs were obtained in the laboratory and none was founcl in 
the field. 

Practically all the observations made from the fall  of 1942 into 
the summer of 1944 were rnade a t  the infestations in Orange and IITal- 
lingford. A t  both places, in the fall of 1942, a mum~nifying muscar-
dine fungus was observed to be rather pre\.alent. Tlie vegetati1.e or 
ililyerfect stage was identified as an Zsa1.ia sp., probably militah 
(1igure 16). During the spring of 1948, this infection had increased 

FIGURE Vegetative stage of fungus. an Isarin sp., probably nzilitnris, on larvae16. 
of Aphontcs castattc~rs. 

* 

to  such an extent that  i t  was observed in every digging. Many of 
the insects which escaped its attaclr as larvae were infected with i t  in 
the pupal stage. Remains of dead pupae killed by this fungus were 
observed in diggings made as late as the spring of 1944. 

A number of the larvae used in the summer of 1943, to determine 
the length of the pupation period, were founcl to be parasitized. The 
parasites pupated between September 10 and 20 but have not yet been 
identified as to species. 



The Incinerator Beetle 

Summary 

-	 Large numbers of larvae of Aphonus castaneus were destroying 
turf in localized areas in four towns in the fall of 1942. The insects 
pupated in the nionihs of Ju ly  and august ,  1943. The adults re-
mained in the soil and hibernated during the winter. Only a small 
number of beetles were observed in flight in Jnne, 1944, as  the infesta- 
tions were nearly decimated by a fungous disease and parasites. 

The fungus, Isaria sp., was strongly established in the fall of 
1912. I t  spread thror~ghout the infestations in the spring and early 
sutlllner of 1943, infecting larvae and pupae alike. As a result, there 
was a dearth of material in the slimmer of 1944 for  rearing purposes. 
The sniall number of insects available clied and i t  \xras not possible to 
obtain information on the egg or larval development. 
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THE INCINERATOR BEETLE, Dermestes cadaverinus FABR. 

The genus Dermestes includes a number of species primarily scav- 
encrers in habit. They feed upon decomposing bodies, hides, skins, 
hams, bacon, dry  meat, furs, honeycomb, hair, etc. Two of the species 
of this genus are well linomn. the common larder beetle, D. lardn?.ius, 
and the hide beetle, D. vu1pin.v~. These two insects have been de- 
scribed and their histories are aclequately presented in the litera- 
ture. However, comparatively little information is available on D. 
cndavem'nus and that ustially in very brief notes. Data have been 
obtained from such sources anrl are assembled here, together with in- 
formation obtained from local inrestigations. 

D e m s t e s  cadctvsrinus Fabr,  is a cosmopolitan insect and has 
been reported feeding on dead cocliroaches in Hawaii (3) ,  silk cocoons, 
reel silli and leather near New York ( I ) ,  copra in the South Seas ('i), 
dried fish in Japan (j),dried mushrooms in imports (9) ,  cacao, gin- 
ger and driecl fruits in London warehouses (8), cheese and dried fish 
in the Dutch East Indies (4) ,  and wool tops in N. S. Wales (2). 

This insect was reported in Connecticut for  the first time from 
South Norwalk on December 3, 1930. I t  was found infesting the 

m. 	 material in the pit of an incinerator in the basement of a private home. 
After the incinerator was thoro~ighly clenned, the insect nuisance sub- 
sided rapidly. 



412 Connecticut Ezperiment Station Bulletin 488 

Since 1930, this insect has been recorded in this State 23 times, 
occurring in nine towns and in every month in the year. Five rcc- 
ords are recorded for  December, three each for  May, October, ant1 
November, two each for  January,  Eebrnary and June,  and one eac.lr 
i o r  &larch, April. July,  August and September. It was established 
tliat one or  more incinerators \yere present in each case, excepting t\vo 
( in  these two cases this fact was not deterininerl) and, as a result, this 
insect has been ternled tlie inciiierator beetle, locally. 

A flight of the beetles occurred in a large apartment building in 
New Haven, during the nionths of No\.elnber and l)ec.e~iiLw, 1944, t l~id 
continued into January,  1943. The peak flight occurrecl during the 
first t j ~ o  weelrs of December with occasional heavy flights since then. 
l'liere \Irere se\eral  incinerators in this building and, as the flight 
persisted in two of the  incinerator rooms, strong suspicion centerecl on 
them as tlie source of infestation. Upon inspection during the first 
weeir of bece~iiber, 1944, the incinerators ancl cliilnneys, tlie latter also 
serving as disposal chutes, were for~nd to be in goocl order. However, 
one dead larva was found in a slnall ;~niount of soot on a small ledge 
above one disposal door in a chininey on the third floor. 

\Vliile inspecting the L~sement ,  a large number of pupal cases 

were observed in floor sweel)lngs, and others were seen in the debris 

adjacent to tlie junction of woollen partitions, liiasonry walls and floor. 

Others were found in the debris on the floor in a storage rooiii con- 

taming lireplace wood. It was evident fro111 tlie observation that  the 

lar\.ae had ~iiigrated fro111 sollie solirce oE infestation to  pupate. 

Aclults were observed in flight and crawling on the floors and walls. 


Another inspection of the incinerators in the first ~veelr of J an -  
uary, 1945, revealed a very heavy infestation in the incinerator in tlie 
section where heavy tliglits were continuing. A large a n J  con t inuo~~s  
niouse infestation was also linown to Lie present, and as  the insects' 
food hosts are  wide ancl varied, iiiouse cada \e rs  In the partitions might 
serve as a continuing or  intermediate source of intestation. 

One apartment on the first floor, directly above one of the inciner- 

ator rooiiis, experienced interiiiitlelit flights of the insects from late 

n'oven~ber into January.  I n  the evening, when the teniperature was 

high, tlie beetles were very active. They ~ ~ o u l c l  
fly a rou~id  the lights 
and annoy the family nieiiibers when reading. They woulcl fall into 
food, annoying dinner guests, or be found crawling around in Ken- 
eral. A nightly catch oiten numbered 2R or more beetles. The adults 
were often observed co~iiing out of crevices, fro111 behind baseboa~ds 
and moldings. So~iie  larvae also f o ~ ~ n d  were e~iierging from behind 

the baseboards o r  on the floor in tlie lritclien. This  indicated that  tlie 

insects were present in the partitions. As  a n ~ ~ n i b e r  
of crevices ant1 a 

few holes were observe:) in the base~iient ceiling directly beneath tlie 

apartment, i t  was possible for tlie insects to  infest tlie apartment di- 

rectly from the incinerator room. 
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Very little information has been found on the life history of this 
insect. It is not lino\vn whether tlie insect will succe~sfully pass the 
winter out of cloors in Cot~necticut. The only adults recorded in tliis 
Stute were collected in br~ildings and they have been for~ncl in e n v y  
n ~ o ~ ~ t h  This indicates that, under favorable conditioos of the year. 
indoors, breeding tnay be continnous with overlapping generations 
o c c ~ ~ ~ - r i n g .S o ~ n e  of tlie aclults collected in the apartment building 
welee talren to tlie laboratory and lived for  three and four weelts. A 
few eggs were deposited by the adults which had been collected and 
these hatched in five or six days. 

Illingworth (3) found that  the larval stage consisted of seven 
instars ilnd varied froin 28 to 41 days in length in Hawaii. H e  also 
fo~rnd tlie pr~pation period was vcry constant aiid nine days in clura- 
tion. H e  stateJ that  tlie p ~ ~ y a e  invariably cast their last larval slrin 
ant1 were typical of coleopterous pupae. 'I'he writer, when inspect~ng 
the eonclitions in the spiirtiiient building, found one adult en ie~-g i~ ig  
fro111 a larval sltin located in d ry  clebi-is. I n  the laboratory, how- 
e\.er, in the presence of nioisture, the pupae cast the larval skin. 

Description 
Adult 

The adult, Figure 17: 1, is 7-0 mm. in length, black in color and 
clotliecl with a yellowish-grey 1)11bescence. The second to fIft.h ventral 
abclo~ninal segiiients, Figure 17 : 2, have a row of blaclr rounded spots, 
sot~~etiines an-elongaterl posteriorly, on each side of the mirldle aiid 
other row of hook-shaped spots, curved posteriorly, on each lateral 
margin. Tlie inale has a fovea ( G )  with a tuf t  of yellowish bristles 
( 8 )  present ventrally on each of the third and fourth abdoniinal seg- 
ments. 

Egg 
Tlie egg, Figure 17: 3, is  about one mm. in length, white in color, 

ba~~ana-shaped Its chorion is and more bluntly rounded on one end. 
delicately ridged laterally on the concave surface ancl has longitudinal 
rows of very s~ilall  indentations on the convex silrface. 

Larva 
The larva, Figure 17: 4, is about 14 mm. in length. It is brown- 

ish to black in color dorsally with a lon~itut l inal  broken lighter stripe 
and is creamy-white or ~vliite ventrally. The head is dark, nearly 
blacli in color, the legs yellow, and the antennae yellow and white. 
Large inesothoracic spiracles are present with spiracles less than one- 
hillf in size present only on the first, second ancl thircl abdominal seg- 
ments. Two slender thorn-like spines, slightly curved anteriorly, are 
present dwsallp 011 the ninth abdolliinal segment. The  larva is en- 
tirely, but not densely, clothed with long reddish-brown hair, usually 
cliaracteristic of the dermestids. 
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FIGURE17. Incinerator bcetlc, Dcriilcstes cntloivri~lrcs 1:ahr. 1. Adult, enlarged 
5 1/2 times. 2. Abdomen of Q adult, \7eiitral view sIio\ving hook-shaped spots on 
each lateral margin, greatly enlarged. 3. Eggs, enla:-gcd al~orlth times. 4. Larva, 
enlarged 5 1/2 times. 5. Pupa, enlarged 5 1/2 times. 

Pupa 
The pupa, Figure 17: 5: is about 9-10 n1m. in length, creamy-white 

or  white in color and clothed with recldish-brown hair. A small dor- 
sal plate is present anteriorly on the seconcl abclominal segment while 
long narrow dorsal plates extend laterally along the sutural margins 
of the second, third, fourth, fifth, sixth and seventh abdominal seg- 
ments. The posterior dorsal plate in each case overlaps the anterior 
plate of the adjacent segment. Two slender thorn-like spines, slightly 
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eurved anteriorly and similar to  those on the larva, are  present dor- 
sally on the ninth abdominal segment. m 

Causes of Infestations in  Incinerators and Their Control 

Complete combustion, reducing all waste material to ash, is not 
obtained in the average small incinerator. This is due to insufficient 
dry, combustible material in the substance being burnt. As  a result, 
partially burnt garbage remains in the ashes. 

The odors from the burning waste materials or from the unburnt 
garbage probably attract the adult insects. Sometimes several meelts 
elapse before the incinerator is cleaned out, providing ample time for 
breeding. Careless cleaning, such as leaving debris in the corners of  
the ashpit, leaves material available for  continuous breeding. Small 
ledges in thechimney or disposal chutes formed by p r o t r u d i n ~  bricks, 
stones or  disposal-door frames might protect the insects sufficiently to 
form breeding areas. 

General infestations in incinerators may be avoided by thorough 
removal of all ashes and unburnt inaterial a t  least every two weeks. 
Weeltly removal mould .reduce the possibility of an  infestation to a 
minimum. 

4 
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EGG PARASITISM O F  T H E  F A L L  CANKERWORM, Alsophila pornetaria 
(HARRIS) 

For  several years the fall canlrerworm, AZsopl~iZa pomatrrm'a (Har-
ris), has been increasing in abundance in various parts of Connecticut, 
at  t in~es  reaching o~ltbreak proportions in certain localities. D L I I - ~ I I ~  
the spring of 1944, extensive daniage was done in towns in I~airlield 
and Sew Ha\.en counties as well as in otlier parts of the State. Over 
a span of 111any years, sporadic flare-ups of both the fall and spring 
cillll<erworms have generiilly resulted in defoliation of ornan~ental, 
forest and orchard trees. 

When trees are sprayed with arsenate of lead as foliage is de-
veloping in the sl)ririg, col~trol of the ~vornls is assured. However, in 
the absence of a starldard spray progralii augnienting otlier iorl i~s of 
co~itrol, such as tree banding, canlrerworn~s nlay occasiol~ally niultlply 
u~iclieclre~luntil forces of nature begin to operate against thenl; 

The suppression of outbreaks of either or  both of the geolnetrids .r: 

under discussion lias not been clue entirely to artificial control nleas- 
ures. I n  addition to tliat which is being done by organizations di~etrct-
ly concerned \\.it11 the problew of holding the insects a t  low poprllation 
le\ els, nature has, through the agencies of insect parasites and pretlu- 
tors in conjunction with disease, often achieved virtual control of the 
pests. 

Owing to the presence of many thousands of Alsophila egg masses 
on the trunlts and branches of shade trees in sectio~is of Sew Have11 in 
early llecen~ber, 1943, i t  was considered advisable to nialre systell~ntic 
collectio~is of the ~naterial,  in quantities suitable to ascertain to \vliat 
e ~ t e l ~ t  asses had been attacked by parasites ancl the species the egg 
involved. 

The scope of the work was expanded to include a number of lo- 
calities in Kew Haven ancl in E'airfield counties. Recognizing the 
pyssibility tllat canlterwor~n egg niasses niay not be attaclred by para- 
sites in late fall and early winter of the year in ~vhich they are tle- 
posited, and tliat a certain u l ~ o u n t  of .~>arasitism might occur the fol- 
loiving spring before the eggs hatch, i t  was deemed expedient to n~irlte 
collections, not only a t  the tlme moths were laying eggs in Dece~liber, 
but also during the winter and early spring of the following year. 

'l'he accompanying table gives in detail a record of canker\vor~n 
egg nlass collections in eight localities, four in New Haven County 
and four in Fairfield County. Three of the localities, one in Kew 
Haven County and two in Fairfield County, were revisited a second 
time between the last of February and the twentieth of April. A total 
of 51,001 eggs were collected, averaging 71.2 per cent hatch when heltl 
under controlled conditions in the laboratory. Eggs that did not 
11atch were either irijured in removing the111 from the trees or  they 
died from undetermined causes other than parasitism. 
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Thirty-five parasites were reared from the 36,313 eggs that  
hatched. Thirty of these represented the species Telenomus olsophilao 
Vier., superfamily Proctotrypoidea, family Scelioniclae; the remaining 
five belonged to the species Tm'chogramma pretiosa Riley, superfamily 
Chalcidoiclea, family Trichogrammidae. The sex ratio of Telenomus 
was two females to one male; that of Trichogrammu, four females to 
one male. 

The parasitism which esistecl in the Alsophila egg masses was 
very low. I t  is interesting to note, however, that the parasitism oc-
curred sometime during early December, the assumption being there 
were no eggs available to the l~arasites until after the last of Novenl- 
ber. I n  view of the cold weather prevailing a t  that time of the j7ear, 
i t  is somewhat surprising parasites were present and sufficiently active 
to find and parasitize the host. It is known, however, that Tricho-
grammu will develop from egg to adult and emerge in 30 days a t  4i0-
49" 1;. This may also apply to Telenomu~.  I f  such is the case, both 
species are capable of activity rather late in the fall especially on 

*clear days when the sun, shining on the bark of a tree, would raise tlle 
temperature of the bark somewhat above that of the surrounclinp air. v 

Consequently, owing to the possibility of a large part of ca'nkerworm 
egg cleposition being made on the south or warm side of a tree when 
exposed to direct sunlight, the parasites under favorable conditions 
would find the environment in the vicinity of the egg masses rather 
comfortable ancl thereby conducive to reproductive activities. 

MISCELLANEOUS INSECT NOTES 

Notes on a Spray for controlling Japanese Beetles on Grape- 
vines. A report on sprays for the control of the Japanese beetle was 
macle by Johnson and Gnrman in the 1 orty-Third Report of the State 
Entomologist, pp. 280-281. A spray containing lead arsenate, 6 
pounds ; white oil (80 viscosity), 1/2 gallon ; bentonite, 1 pound ; U1-
trawet spreader, 1/4 pound, and water, 100 gallons, afforcled the most 
complete protection. 

On July  13, 1044, one application.of this spray was applied to an 
entire vineyard (small but heavily infested) on JVaite Street, Ham-
den, with the exception of about 40 feet of one row which was left 
as an unsprayed check. A t  the time of application, the beetles were 
beginning to emerge in numbers and infest the foliage. 

The vineyard was visited nt least once a week until early Sep- 
tember ant1 less often thereafter to observe the results. Excellent 
control was obtained and only an occasional leaf, of the foliage exist- 
ing a t  the time of spraying, was fecl upon lightly. The unsprayed 
check was severely clefolinted and the grapes upon these particular 
vines were unsatisfactory for harvesting. The new growth on the 
sprayed vines was defoliated to some extent hut not seriously. The 
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vines were not pruned to remove excessive foliage before or after the 
spraying, and sufficient foliage was therefore protected by the spray 
to produce a good yield. [J. PETERJOHNSON] 

Notes on Seasonal Abundance of Scarabaeid Grubs and Their 
Injury to Turf. The status of the grubs of the Japanese beetle dur- 
ing the season of 1944 is given in another section of this bulletin. 

Grubs of the scarabaeid Aphonus castaneus Melsh., which were 
abundant in the seasons of 1942 and 1943, were not troublesome dur- 
ing the past season and no evidence of turf damage by them was 
found. 

Turf damage caused by white grubs, PhyUophaga sp., mas re- 
ported from ?Ifadison. Approximately four acres on a golf course in 
Naugatuclr mere generally infested and the second year grubs had 
killed large areas of the turf. About two acres of turf on an athletic 
field in Avon were infested. Skunks had worked over this infestation 
and nu~neroussmall areas were torn up in their search for  the grubs. 
Reports were also received in August of infestations in lawns in Sims- 
bury and Sout,h Woodstoclr. 

Only one report of lawn damage caused by the oriental beetle, 
Ano?nala orientalis Newm., was received in 1944. Kone was received 
on the Asiatic garden beetle, Autosemlca castanea A., or the annual 
white grub, Cydocephala borealis A. 

The effect of the droughts in the summers of 1943 and 1944 was 
twofold. E irst, there was s definite decrease in the population of the 
Japanese beetle grubs and, possibly, those of the Asiatic garden 
beetle, annual white grub and oriental beetle, as these insects also 
have a one-year life cycl'e. The species of Phyllophaga reporter1 as 
injuring turf have a life cycle of three years, with the second year 
grubs present in 1944, and these mere not greatly affected by the clry 
conditions. Secondly? the grubs, under dry conditions, would feed 
deeper in the soil and In some cases cause less injury. [J. PETERJOHNSON] 

A New Parasite of Japanese Beetle Grubs. During the colirse 
of laboratory work on the "milky" disease of Japanese beetle grubs, a 
few tachinid larvae were found, parasitic within the beetle grubs. I n  
two cases they were accidentally discovered while dissecting grubs for 
another purpose. I n  other cases the mature larva mas found within 
the slrin of a dead grub or emerging from it. Also, a very few pupae 
were found. The  total number of parasites mas not recorded, and 
the grubs, being used for  "milky" disease experiments, were not 
handled in such a way as to recover all the parasites. Consequently, 
the extent of parasitism is not lmomn. The parasitizecl grubs had 
been kept in cold storage following their collection a t  the New Haven 
Country Club. One parasite may have come from material col-
lectecl in TVallingford, and two parasite pupae mere collected by Mr. 
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Scliread-one in Hallidel; and one in Darien. It ~vould seem that  the 
parasite was well establisliecl, if not nunierous. 

Tlie identity of the parasite hirs not yet been confirmed. At-
t e ~ ~ i p t s  pupae yielcled o~i ly  Tliis speci~iicn to reirr the adult f r o ~ i ~  one. 
was seiit to Dr. C. 1-1. Curran o i  the A~iie~.ic.a~i hluseulli of I \ i a t ~ ~ ~ . a l  
History, mlio reported that it IY~ISprobably a species of Alacro~ii~topa 
or closely relatecl ~ ~ I I I I S .  The  speci~iien was forwarcled to \Vaslilng- 
toll, for f urtller identification. 

Tlie 1i:ll)its of tlie parasite are presumed to Le similar to those of 
Prosena sibirita and /Irxin ve~itmlis .  The res1)iratol.y connection of 
tile parasite is with tlie tl-acliea of the host as with Proaenn, ant1 nut 
w~t l i  the i~itegu~ilelit The characteristic ti.achea1 Rin- as  with Dexia. 
riel is presellt. [I<AIMONL. BEARD] 

Notes on the Sod Webworm. A heavy infestation of sod web-
wornis, Cru?)?buss~)., da~iiagecl t ~ ~ r f  areas along the \ITilbur Cross 
1';rrkway in the tow~ls of Rlilfol-tl and Orange c l ~ ~ r i ~ i g  4the last part of 

L
RIiiy ant1 early June. Several sl)ec.ies we1.e present, with C m n ~ b u s  
Za~ue/rttclusCle~iieris and C. trisrctus Walker very nlllnerous. C. 
ntut(lbi1is \vas also foancl. ?'he ad111ts mere abundant during the sum- 
nier season and were talien also in S e w  Haven and Slielton. -

Ten pounds of lead arsenate niised with 100 gallons of water and 
applied a t  the rste of 2.; gallons to 1,000 stlliare feet of area is an ef- 
fective control for tlie lar\*ae. As Japantlse beetle larvae also \\.ere 
i l~fes t i~ ig  :i1o11g the ~)arlz\\-ay, tlie ~ I I I - f  lead alasen;rte was applied at  the 
r i ~ t rof 10 pol~ntls to l,OOo stlunre feet of t11r-f area. This lieavy appli- 
cation is tlie stalltlartl ul)[)lication for Japanese beetle grub control and 
in this case s e n  ed a dual p11rl)ose. [I. PETERJOHNSOX] 

Armyworms. On September 25, the Farm I3nrea11 of Rlidcllcsex 
County reporte~l large r ~ u ~ i ~ l ) e ~ . s  of larvae feeding on millet in East 
1la1ril)ton. I1l)on ili\.estigation tliey provetl to be a!-liipwonns. Leu-
cank~unipuncttrtn Hawol-ti). \Ylien tlie fieltl \\.as visited on tlie fol- 
lowing (clay. tlie 111illet liiltl been c r ~ t  ancl niost of the larvae \\.ere in 
dcl)ressions on tlie gro1111t1 unrler the cut nil let. The wornis had 
eaten about orle third of the leaves on about olie lialf of the one-acre 
field. J lany  of tlie ~vol.~iis .had tacliinitl eggs on them ancl were being 
eaten by crows ar~rl gl.:rclrlcs. 'She field was surro~rncled on tliree 
sides by pasture land wllere tlicy could do little da~iiage, but tliere was 
a chance of inj11r.y to a new seeding of clover which adjoined one side 
of the millet field. [M. P. ZAPPE] 

The Sawfly, Acan,thoZ!/da erythrocephnla 1,. One adult sawfly of 
this species was collected in Sor~tli Meriden, Connecticut, in 1942. the 
first recorcl of tlie insect in this State. Although it do~~bt less  hat1 been 
present here for several years prel-ions, injury to host trees was not 
observed until 1943. Since then the insect has been found in several 
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other localities in southern Connecticiit, notably in the cities of Kern 
Haven and \\Taterbury, and along the BIerritt Parkway in k'air..eld - County. ' 

The infestation along the park~vay IT:IS fairly lieavv (particuliirly 
in \Yestport) since many of the trees were noticeably defoliated. 

The only observed host species w a s  \vliite pine ( P i nus stlohus I , . ) ,  
consisting or' trees L I ~ 18 feet ill heiglit. l'he otller rcco~.dh itre to 
also for orlia~iiel~tal trees and include \vliite pine, red I)llle ant1 tnljle 
niou~itain p i ~ ~ e  [G. H. P L U X I B ~( P . punyens Lali~b.). 

Black Carpet Beetle. A shirt  maniifarturer colnl)lnined a l ~ o ~ ~ t  
insects dropping tlo\v11 o ~ i  girls \I llo were ol~erat ing s e w i ~ ~ g  n i ;~c l l i~~es  
ill liis factory. \Ye i ~ r l c l  fo1111tl t l~t i t  t l ~ e  invrsticated this c o l ~ ~ p l a i ~ ~ t  
previor~s ten i~nt  hacl 111ac1e \\-ooler~ gar.l~~ellts, of l111tant1 I;~rge a l i l o~~n t s  
had been left in tlie building, particularly betwevn the floors. This 
nlt~ter-in1was of larvae of breetling n u l ~ ~ b e r s  tlie blaclr carl)et bertle 
wliich were dropping froln the ceiling, annoying the girls. A few. adult beetles were also found to be present. [M.P. ZAPPE] 

Clover Mites. A federal lioiising project in Windsot- Loclrs nTaa 
founrl infested with clover 111itrs in early bIay. T l ~ e  1111ildings were 
new ancl the l awt~s  were in poor conclitiori. Mites were entcr i l~g t 11e 
b ~ ~ i l d i n g snrol~nd the winclo\~s ancl tloors on s i~ l eofthe s o ~ ~ t l i  the 
houses. Large null~bers were present on \vintlo~vs I)otli indoors and 
oi~tside. The  new il~secticirle, I)I>T,was tried in both liquid and d ~ l s t  
Eol.ln b ~ i t  al)p;~rently had little if any effect on the mites. The  n~ l i -  
sallce \\-as finally abated by treating the ground and south side of the 
buildings with sulfur dust^. [M. P. ZAPPE] 
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R. B. 	FRIEND 
Entomology. The American Ycar Book, Year 1943, pp. 775-779. April, 1944. 
New l~isecticidal Material (DOT). American Scient~st, Vol. 32, No. 4, p. xiv. 

October, 1944. 
RAIMONL. ~ E A R D  

>uscept~b~l.tyof Japanese Beetle Larvae to Bacilltts pofi'lliae. Jour. Econ. Ent., 
VOI. 37, No. 5, pp. 702-708. October, 1944. 

PHILIPGARMAN 
Prospects for Fruit Damage in 1944. New Developments in Spray Control. 

r o m o l ~ ~ ~ c a l  Feb-Pointers for Conn. bruit Growers, No. 164 (2  columns). 
ruary, 1944. 

Insect r,t.>earcfi Program for 1944. Pomological Pointers for Conn. Fruit 
Growers, h o .  165 (3/4 column). March, 1944. 

App.e Maggot and Frult Insect Problems for 1943. Proc. 53rd Annual Meeting, 
Conn. Porn. Soc., pp. 18-24. March, 1944. 

Report of the Comm~ttee on Injurious Insects. Proc. 53rd Annual Meeting, 
Conn. Pom. boc., pp. 75-78. March, 1944. 

Report on the Parasite Program for 1933. Proc. 53rd Annual Meeting, Conn. 
Porn. Soc., pp. tS-89. hlarch, 1944. 

Seasonal Kotes on Fruit Insects. Pomological Pointers for Colin. Fruit Grow- 
ers, No. 167 (2  columns). May, 1944. 

Timely Notes on the Fruit Insect Situation. Pomological Pointers for Conn. 
bruit Growers, No. 168 (1 column). June, 1944. 

J. PETER JOHNSON 
' lne  ~ t n p ~ r c c d  Long-Horned Weevil, Calonrycterrcs sctarircs Roelofs. Bul. 479, 

22 pp., 17 figs. July, 1944. 
G. H. PLUMB 

Lethane 384 S~ec ia l  for  Control of the Brown DOE Tick. Tour. Econ. Ent. .  -
Vol. 37, N;. 2, pp. 292-293. April, 1944. 

NEELY TURNER 
1;luorine Colnpo~tnds as Alternates for Rotenone-Bearing Dusts. Jour. Econ. 

h i t . ,  Vol. 37, No. 2, pp. 242-245. April, 1944. 
Protection of Build.ngs from Termite Uamage (With Special Reference to 

War-time Conditions). Pests and Their Control, Vol. 12, KO. 6, pp. 6, 8, 
10. 	 June, 1944. 

Control of the Corn Ear Worm. Spec. Bul. (mimeographed), 1 p. June, 1944. 
NEELY TURNER and J A ~ ~ E S  G: HORSFALL 

Control.ing Pests of War  Gardens. Circ. 159, 19 pp. April, 1944. 
JAMESG. HORSFALLand KEELY TURNER 

1nju1.iousness of Bordeaux hlixture. The American Potato Jour., Vol. 20, No. 
12, pp. 308-320. December, 1943. 

M. 	P. ZAPPE 
Laws and Regulations Concerning the Inspection of Nurseries in Connecticut 

and Transportation of Nursery Stock. Circ. 158, 41 pp. March, 1944. 
Results of Apiary Inspection for 1443.. The Connecticut Honey Bee, Vol. 16, 

No. 2, p. 2. April 1, 1944. 
ELBRA L. BAKER 

Foul Brood Menace. 	 The Connecticut Honey Bee, Vol. 16, No. 2, p. 4 (1/2 pg.). 
April 1, 1944. 

W. H. KELSEY 
Condition of and Moving of Bees. 	 The  Connecticut Honey Bee, Vol. 16. No. 2, 

PP. 3-4 (1/2 DR.). April 1, 1944. . . . 
ROY S T ~ D E L  

Inspector's Report. The  Connecticut Honey Bee. Vol. 16, No. 2, p. 3 (1/2 pg.). 
April 1, 1944. 

R. C. EOTSFORD(State Board of Mosquito Control) 
Directions 	 for the Elimination of the Mosc~uito Nuisance Around the H o m c  

Spec. Bul. (mimeographed), 3 pp. ~ay , ' 1944 .  

1 Inasmuch as  the articles In this Report wrltten by members of the Department 
all bear the authors' names, they are not llsted here. 
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Acairtlzolytla erythroccpliala, 307, 420 

Adelges abietis, see spruce gall aphids 


cooleyi, see spruce gall aphids 

Aedes aegypti, 399, 401, 402, 405 


canadelisis, 326, 399 

cantator, 326, 399 

intrzrdens, 326 

sollicitatts, 326 

vexaris, 326, 399 


Aegeria pyri, 374 

scitula, see Synarlthedorl scitzila 


Alsophiltr pornetaria, see fall canker-

worm 


Aluminum hydroxide, 391 

suliatc, 405, 406 


Aniblyteles sp., 389 

Amertcarl foul brood, 315, 316 

Andricus ptirlctatzis, 374, 375 

Anisota senntoria, see orange-striped 


oak worm 

Annual white grub, 419 

Ano?nalo orietitalis, see oriental beetle 

Anopheles barberi, 326 


cnicians, 326, 399 

maculipcnnis, 396 

punctibe~inis,326, 399 

quadrimaculatus, 325-327, 399 

walker;, 326, 399 


rQnthonognus sigl~atrrs, see strawberry 
weevil 


Apanateles sesiac, 389 

Aphis porn;, see green applc aphid 

Aphorrlrs castu,retis, 407-41 1, 419 

Apple maggot, 301 


redhug, 304 

scab, 301 


Armyworm, 420 

Asiatic garden beetle, 307, 419 

:\sphalt paint, 391-394 

Aspidiotus penticiostrs, sce San Jose 


scale 
Attageni~s picez4s, sce black carpet beetle 
Aritographn Dmssicnc, sec cabbage 

looper 
Atrtosericn castarrea, sce Asiatic ~ a r t l ( ~ t l  

beetle 

Bacillus popilliae, see "milky" disease 

Bassus agilis, 305 

Bces, 313-317 

Bentotlitc. 418 

Black and whitc creeper, 389 


carret beetlc, 308, 421 

Blattelln germanica, see German cock- 


roach 

Blcpharida rkois, 306 

Rortleartx mixture, 303. 350-356 

Brnchyrhiriris ovatus, 307 


srclcntus, 307 

Rro\\.n dog tick, 308 


Cabbagc looper, 306 

Ctrllisto gemirratella, see tentiform leal 


miner 

Calnportotrrs Itcrculra~~us pennsylvani- 


crls. see carncnter ant 

Cankerworms, j03, 306, 309, 361, 362, 


367, 370, 416-418 

Car~en te r  ant. 308. 393 

~arpocnpsa po~no~iella, see codling moth 
Casein glue. 391 

Ce~zteter cinerca, 302, 339 

Chelo~llrs annztlipes, 305 

Cllioltaspis euortynti, sec euonymus scale 
Chloranil, see Spergon 
Clrrysobothris felnornta, 370 

Clay, 357 

Clover mite, 421 

Codling moth, 305 

Comstock's mealybug, 3r 


parasites, 330 

Co~rotraclrclrrs ncnlrplmr, sec plum cur-


culio 
Corythticho rrlrrzi, sce elm lacebug 
Crarrlbtrs loqtreattclzrs, 420 


m~rtabilis,420 

tri.rrc/zu, 420 


Crcrirntogaster lineolatzi. 

Creosote, 319, 321 

Crows, 420 

Cryolite, 303, 319-321, 3 7, 358 

Czrlcx apicnlis, 326, 399 


pipieris, 326, 399 

sali~raritcs,326 

tcrritnns, 326, 399 


Cjiclocepl~aln borcal!~, see annual white 
grub 

IIDT, 301-303, 346-353, 390-393, 421 

I)rrrr~cstes cndaveriiius, see incinerator 


beetle 

lnrdarizrs, sec larder beetle 


' vtrlpirlus, scc hitlc beetle 

I)crrts, 303, 342, 344, 319-352 

Dexia z~ei~tml is .  420 

Diabrotica vittotn, sce stripcd cucumber . 


bectlc 

Diaphane, 396 

Dichloro-diphenyl-trichloroetl~ane,see 


DDT 

Dipriorc frrrtetorum. 307 

Disodir~m ethylcne his ditliocarba~natc. 


scc Ditl~ane 

L)ithanc, 303, 353-356 

Dogwood borer, 303, 373-395 

Downy woodpecker, 389 

Dutch elm disease, 301, 304, 322, 323, 


369. 370, 372 
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Eastern field wireworm, 302, 306, 344- 


347 

tent caterpillar, 306 


Elm lacebug, 306 

leaf beetle, 306, 308, 362 


Emponsca fnbae, see potato leafhopper 

Epilachna z*nrivestris, see Mexican 


bean beetle 

Epitrir cltcrrltteris, see potato flea beetle 

Ethylene dichloride dip, 313 

Euonymus scale, 308 

European apple sawfly, 302, 304, 341-344 


corn borer, 303, 305, 306, 312, 348, 

350-356 


foul brood, 315 

pine shoot moth, 309 

red mite, 301, 304 


Eye-spotted budmoth, 304 


Fall cankerworm, 306, 416-418 

webworm, 306 


Fermate, 354 

Ferric dimethyl dithiocarbamate, see 


Fermate 

Fish oil, 320 

Fuel oil, 328 


Galcvucella luteole, see el111 leaf beetle 

German cockroach, 308 

Gesarol A Dust, 347 

Gnorimoschema opercztlclla, see potato 


tuber worm . 

Golden nematode, 306 

Grackles, 420 

Grafting wax, 390-392 

Grapholitha asolesta, see oriental fruit 


moth 

Green apple aphid, 304 

Gypsv moth, 301, 304, 312, 313, 318-321, 


361 


Heterodrrcs rosfochiet~sis,see goldcn 

nematode 


Hide beetle. 411 

Noptocn~irpa testzidinea, see European 


apple sawfly 

l?ylicrgopintrs rufipes, 323, 359 

Hypcrninllrrs villoszcs, see oak twig 


pruner 

Hyssopus snnninoideae, 389 


Ichizczlmon irritator, 389 

Imported cabbage worm, 306 . 

Ilzareolata pun,ctoria, 305 

Incinerator beetle, 304, 308, 411-415 

Isarica sp., 410, 41 1 


Japanese beetle, 302, 304, 307, 308, 312, 

313, 405, 406, 409, 418-420 


natural enemies, 331-339 

parasites, 330 


Kerosene, 347 

Kolofog, 405, 406 


Lantbdina athasaria pellucidaria, 307, 

320 


Larch case bearer, 358 

sawfly, 358 


Larder beetle, 411 

Lead arsenate, 301, 313, 319-321, 342, 


361. 391, 392, 416, 418, 420 

L.ezecnnia unipzcnctata, see armyworm 

Lime, hydrated, 303, 357, 405, 406 

Limonius agonies, see eastern field wire- 


worm 

Linden borer, 309 

Linseed oil, 391, 393 

Lydelln grisescens, 305 

Lygidea mendax, see apple redbug 


~l. lecroce~ttrt~sancylivorus, 302, 330 

g i f u ~ n - ~ i s , 
305 


Maodolis sn.. 323. 359. 370 

~loGsonia  ~e~turl;nrts , '326,  
328 

l ieadow mouse, 329 

3leteor1cs sp.. 305 

lIethyl bromide, 329 

llexican bean beetle, 303, 306, 354, 356- 


35s 

.V!icroh~acon mcllitor, 389 


sanniloideae, 389 

!l.licrotzcs pennsylvnnt'czrs, see meadow 


mouse 

"Milky" disease, 302, 331-337, 419 

hlosquitoes, 304, 396-405 


control, 301, 323-329 


Naphthalene, 390 

Neoclytzrs acuminatzts, 370 

Nicotine, 343, 352 


-bentonite. 350, 352, 355 

sulfate, 344, 361 


Oak twig pruner, 306, 308, 309 

Orange-striped oak worm, 306 

Oriental beetle. 419 


fruit moth, 301, 302, 305, 312 

parasites, 330 


Oryzacphilrcs szrrinamensis, see saw-

toothed grain beetle 


Oystershell scale, 309 


Paradichlorobenzene. 390 

Parntctranychzu pilosus, see European 


red mite 

Pavement ant. 308 

Peach tree borer, 302, 383, 390, 393 

Pear psylla, 305 

Pecan tree borer. 374. 390 

Pegomyin hyoscyanzi; see spinach leaf 


miner 

Phaeogencs ater, 389 

Plzyllophnga sp., 419 
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Pine blister rust, 309, 310 

- leaf scale, 309 


tar, 390 

Plum eurculio, 301, 302, 301, 339-341 

Pontia rapac, see imported cabbage 


worm 

Popillia japo~rica, see Japanese beetle 

Poplar canker, 309 

I'otato flea beetle, 302, 306, 348-350, 353- 


355, 357, 358 

leafhopper, 303, 306, 348, 354 352, 


353, 356 

tuber worm. 306, 330 


Prosena sibirita, 420 

Pseudococcus comstocki, see Comstock's 


mealybug 

Psoropltora ciliafa, 326, 401 

Psy l l k  pyricola, see pear psylla 

Pyraztsta rtrcbilalis, see European coru 


borer 

Pyrophyllite, 303, 348-350, 357, 358 


Rabbit, cottontail, 329 

repellents, 329 


Red spider, 353 

Reticrditermes flavipes, see termite 
Rhipicepkalus sanguinczls, see brown 

dog tick 

Rodent control, 301, 304, 329 

Rotenone, 303, 349-353 


Sacbrood, 315 

San Jose scale, 304, 309 

Sanninoidca ezitiosa, see peach tree 


borer 

Saperda trideiztata, 323, 370 


vestita, see linden borer 

Saw-toothed grain beetle, 308 

Scambus conquisitor, 389 

Scolytzc.~ multistriatzu, 322, 323, 359 

Selenium, 353 


Sesia scitula, see Sylzairthcilort scitula 

Shellac, 391-394 

Skunks, 407, 419 

Soap, 390 

Sod webworm, 420 

Spergon, 354 

Spilonota occllana, see eye-spotted bud- 

moth 

Spinach leaf miner, 306, 308 

Spruce gall aphids, 308, 309 

Strawberry weevil, 305 

Striped cucumber beetle, 306 

Sulfur, 390, 421 

Sy~tantlzedota corrusca, 374, 392 


scitula, scc dogwood borer 

Talc, 303, 357, 358 

Telcnomus olsophilm, 417, 418 

Tentiform leaf miner, 304 

Termite, 308 

Tetrarnorirr?n caespitwn, see pavement 


ant 

Tipburn, 350-353, 356 

Tiphia popilliavora, 302, 338, 339 


vernalis, 302, 338 

Trichogranzina prctiosa, 417, 418 

'Typklocyba pornaria, see white apple 

leafhopper 

Cltrawet, 318 

lirnnotaeitia sappkirina, 326, 401 


\Vhite apple leafhopper, 305 

breasted nuthatch, 389 

oil, 418 

pine weevil, 309 


Whitewash, 390 

Wireworms. 302, 306, 344-347 

l i fyeow~yia smithii, 401 


"X" disease, 309 



