


The Action and ~ficacy or Soil Fumigants 

Directed Against the Currant Fruit Fly, 

~pochra canadensis Loew (Diptera: Trupaneidae) 

J. Thesis 

Submitted to the Yaculty of Graduate 

Studies and Research or 

McGill University 

H.P. Richardson 

In Partial Fulfilment of the Requirements 

for the Degree 

of 

Master of Science 

May 19.52 



r. 
II. 

TABLE OF CONœENTS 

Introduction • • • • • • • • • • • • • • • • • • 

Aoknowledgements • • • • • • • • • • • • • • • • 

Page 

1 

2 

III. Literature review ••••••••• 

Study of the diapause of E. oanadensis 

• • • • • • 3 

6 IV. • • • • 

A. Previous diapause studies • • • • • • • • • • • 6 

l!f .• I.l!liception and oompletion of pupal diapause in 

the laboratory • • • • • • • • • • • • • • • 8 

1. Effect of maturity, tamp~rature, and time on 

pupal development • • • • • • • • • • • • • 8 

2. Effect of medium on pupal development and 

emergene:e • • • • • • • • • • • • • • • • • 24 

3· Effect of constant temperature of 70"F. on 

pupal survival • • • • • • • • • • • • • • 

c. Date of oompletion of diapause in the field • • 

v. Soil fumigation studies • • • • • • • • • • • • 

27 

29 

34 

A. On larvae entering the soil • • • • • • • • • • 34 

l.. Laboratory test • • • • • • • • • • • • • • • 34 

Bl. On prediapausing pupe.e • • • • • • • • • • • • 38 

1. Field test • • • • • • • • • • • • • • • • • 38 

c. On diapausing pupae •••• 

1. Field test • • • • • • • 

• • • • • • • • • • 

• • • • • • • • • • 

44 

44 



iii 

Page 

n. On dormant pupe.e • • • • • • • • • • • • • • • 49 

l.. La bora tory tests • • • • • • • • • • • • • • 49 

2. Field tests • • • • • • • • • • • • • • • • • 6.5 

VI. Discussion of fumigation etudies • • • • • • • • 79 

VII. Summ.ary • • • • • • • • • • • • • • • • • • • • 80 

VIII. Bibllography • • • • • • • • • • • • • • • • • • 83 



I. I!fTBODUCTION 

The currant tr~ t tly, Epocàra canadensis Loew 1 

a native insect, is an important factor limiting the pr~due­

tion. of ourrants and gooseberries in the greater part ot 

Canada, and in parts of the United States of America. Studies 

have shawn this insect to be vulnerable in the adult stage to 

stomach and contact insecticides. Investigations to control 

the adult fly with contact and stomach insecticides have· 

culminated in the recommandation ot DDT (Andison et al 1951). 
' . -

The possible destruction of the maggot and emerging 

adult with contact insecticides, and the immobile pupae with 

soil fumigants, has receivad attention by soma workers, but 

without any notable success. The developmant of newer soil 

fumigants and insecticides has provided opportunity for fur­

thar study on this phase of the control problsm. !he present 

paper presents resulta obtainad from the use of the fumigants 

ethylene dibromide and DD and the insecticides BHO and diel­

drin, tested in the laboratory, against dormant currant fruit 

fly pupae, and the insecticides BHC, DDT, and eh~ordane, 

tested in the laboratory, against the larvae entering the soil. 

The tumigant ethylene dibromide was further tested in the field 

àgainst dorm$nt, prediapausing and diapausing pupae at differ-

ent rates, dapths, and under conditions of eultivation and 
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no cultivation. 

The affect of the soil temperature and soil mois­

turs on the efticacy of ethylene dibromide was considerad. 

Studies concerning the i~ception and completion 

of the pupal dia pause or the ourrant fruit fly were made to 

obtain information necessary to plan and to evaluate the 

fumigation studies. Three tests were made in the laboratory 

and one in the field involving several temperatures, maturity 

dates, periods of time, and media, at a nearly constant 

relative humidity. 

The studies were carried out in Brandon and 

Morden, Manitoba, during the years 1948 to 1951. 
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III. 

No literature has been found reporting on the use 

of ethylene dibromide or 1,~ diohloropropane 1,3 dichloro­

propene for the control of the ourrant fruit fly. ~hylene 

dibromide in combination with benzene hexaoh~oride was 

reported by Handford (1949) to be highly successrul for the 

control of the oarrot rust fly, Psiia rosae (Fab.). Both 

tumigants have been used extensively for control of wire­

worms and other soil-inhabiting organisme. 

Investigations were conducted by Allen (1943~ 

and Morrison (1943) in whioh they tested a series of oomp-
. . 

ounds against the ourrant fruit fly. 

Allen (1943) tested 6 compounds, in 1/2-gallon 

glass jars, against the emerging fly. The affect, if any, 

of the compounds against the pupae 1 inch below the soil 

surface was noted. The chemioals used were: 
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1. Dm su1phur dust -- Dinitro cyolohexyl phenol not less 

than o.8 per cent. 

2. Neooid -- DDT 10 per cent, pyrophyllite 90 per cent. 

3· Dinitro-ortho-cresol 1.0 per cent, flour 90 per ce.mt. 

4. Derris dust, commercial, 0.75 per cent rotenone. 

5· Caloael. 

6. Corrosive sublimate. 

The dust compounds with the exception of corrosive 

sublimats were applied at the rate of approximately 1 ton 

per acre. Eleven decimal two pounds of corrosive sublimate 

dissolved in 1792 gallons of water were applied per acre. 

The ehemicals tested did not suppress emergence 

of pupae from the puparial cases. The compounds Derris 1 

Neocid, and nN sulphur were considered effective against 

the adulte and worthy o:f' field trial. 

Morrison (1943) tested a long series of chamicals 

against the pupae in the soil. The ohemicals tested were: 

naphthalene, paradichlorobenzene, mercury bichloride, 

merourous ohloride, kerosene, cyanamide, lubricating oil, 

lead arsenate, carbon bisulphide, sulphur, tar oil (dormant 

spray), soap (Sunlight), sodium ohloride, :f'ormaldehyde, 

nicotine sulphàte, rotenone, ethylene dichloride, diohlor-



ethyl ether, and carbon disulphide. The promising chemioals, 

naphtha1ene, paradich1orobenzene, dichlorethyl ether, car­

bon bisu1phide, and ethylene dioh1oride were retested. 

Naphthalene at 300, 75~, and 1500 pounds per acre and para­

diohlorobenzene at 150, 300, and 1500 pounds per acre gave 

100 per cent control in the laboratory. 

Naphthalene was field tested. The general infest­

ation was considered to have been reduced 40 per cent below 

that in previous years. 
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IV. STUDY OF THE DIAPAUSE OF "E. CAN.ADENSIS 

A dearth of information conoerning the time of 

inception and completion of diapause in the pupal ourrant 

fruit fly, neoessary for the evaluation of soil fumigation 

work, necessitated the diapause studies. 

A. PREVIOUS DIAPAUSE STUDIES 

Studies involving the diapause of the pupal currant 

fruit fly have been conducted by several workers, but the 

information obtained from these etudies did not provide 

all the essential details. Severin (1917) kept a number of 

puparia, about a month old, in moist sand in the insectary. 

Seventeen adult flies amerged during August. Two fem.ales 

had emerged by August 19. Of the 17 flies, 11 appeared 

normal and 6 were abnormal; the Wings did not expand nor­

mally. Several flies amerged during September. No flies 

emerged tram pupae in the field. 

Severints resulta shaw that, although some flies 

will emerge shortly after they pupate when kept in an ab­

normal environment, they do not emerge in the field. 

Morrison (1943) on the basis of his studies states 

that winter diapause ooourred in the adult stage, whioh was 

reaohed within the puparium in the early tall. He further 



states that cages of pupae brought in to the laboratory on 

various dates during the winter, commeneing in October, gave 

no emergence when brought in prior to December 1. 

Morrisonts resulta would tend to show that the dia­

pause is obligatory and that in the field the diapause is not 

oompleted by Deoember 1. 

Allen (1943) suocessfully overwintered pupae in the 

laboratory. The puparia were sifted from the sand of rearing 

flats August 1, placed in moist sawdust on ice until October 

20, and then transferred to a refrigerator running at 35~., 

with relative humidity approximately 80 per cent. The puparia 

were removed February 28 and placed in moist sand. During 

the period of March 9 to 24 emergence of 68.3 per cent oceurred. 

A similar type of experiment was conducted by the 

writer (Richardson 1949). The puparia were sifted from the 

sand of the rearing flats August 1 and placed in a sealed, 

waxed-paper carton. They were kept thus in an office until 

Septe.mber 25 when sand was added to the carton and the whole 

placed in a constant temperature room at 35°F., relative hum­

idity 90 per cent, until April 1. The unit was then shut off 

and the temperature rose to 50-55°F. The puparia were ramoved 

to the office on May 9· The adult flies commenced emerging 

May 15. From 600 puparia an emergence of 69.5 per cent 

oocurred. 
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In Allen's experiment the pupae were held 7 months 

at a temperature of approximately 35°11'.; and in the exper­

iment by Richardson the pupae were held approximately 6 moAths 

at 35°F. and 1 month at 50-55~. Although the resulta or the 

two experimenta show that the conditions or temperature, 

relative humidity, and time met the requirements of diapause, 

no precise information concerning the date of inception and 

oompletion of diapause was obtained. 

B. INCEPTION AND COMPLETrON 011' PUPAL DIAPAUS1: 

IN THE LABORATORY 

1. En'ECT OF KATURITY, TDdPERATURl!l, AND TIMB 

ON PUPAL DEVELOPMENT 

a. Materials 

(i) Pupae. The pupae tor the experiment were ob­

tained by plaoing intested berrias on 1/8-inoh mesh wire 

screen over moist sand. The mature larvae had oommenoed to 

8Blerge from the :fruit July 10 1 the date the fruit was p:ioked, 

and oeased July 25. The larvae crawled through the soreen 

into the sand Where they for.med puparia in whioh they pupated. 

The sand was si:fted and the puparia removed. 



(11) Containers. One-half pint, waxed-paper cart­

ons ware used to contain each test group of pupae, and the 

medium. 

(iii) Medium. Fine sand was used as the medium for 

the pupae. It was thought that the caking tendencies of 

loams on drying out would ba detrimental to the pupae and 

would hinder emergence of the adults. 

(iv) Equipment. Constant tsmperaturas ot 34o, 36°, 

40°, and 70°F. were required for the experiment. The 340 

and the 36oF. constant temperature rooms were loeated at 

Mordan, and the 40° and 70oF. constant tem.peratures at Brandon, 

Manitoba. A retrigerator waa used to provide the 40oF.; a 

cabinet fitted with a heater thermostatioally controlled pro­

vided the temperature of 70°F. 

The relative humidity, determined by a wet and 

dry bulb thermometer, in the 34° and 36°F. constant temper­

ature rooms re.mained constant at 90 par cent. The relative 

humidity in the refrigerator was constant at 83 per cent. 

This was increased by weekly additions of water to the cart­

ons. In the 70°F. constant tamperature cabinet, pans of water 

were provided to raise the relative humidity, and also, the 

media of the cartons ware kept moist. 
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b. 'Experimental procedure 

In setting up the experiment to obtain information 

concerning the inception and completion of the state of dia­

pause three points were oonsidered. They were: 

!• The maturity of the pupae. The dates of August 1, 

August 15, September 1, and September 15 were taken as the 

maturity dates in the experiment. August 1 was pioked as the 

oommenoament date beoause the last larvae amerged from the 

intested red currants and entered the soil July 25, and 

according to Morrison (1944) it requires 8 days for the 

larva to change to a pupa in the puparium. Although many 

of the maggots pupated earlier, the majority did so between 

July 15 and 25. The ramainder of the dates were pioked to fall 

before Septemher 25, since aocording to Richardson (1949) 

pupae placed at a constant temperature of 35°F. on Septamber 

25 produced from 600 pupae an average adult emergence of 69.5 

per cent. 

~· The temperature to which the pupae were subject­

ed. The temperatures 34°, 36°, and 40PF. were used, firstly, 

beeause they were the only constant temperatures available, 

and secondly, because they were acceptable, sinoe Allen (1943) 

and Richardson (~949) sucoeastully reared pupae at 35°F. A 

lower tempera ture, 32°F. , was preferred in place or 34 CT., 
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but since it was not available, and sinca Mail (1932) showed 

in his etudies of winter soil temperatures in Montana, u.s.A., 
that with snow eover the soil temperature at the soil surface 

and 2-inoh 1evel varies only a tew degrees from 32~., 

the lack ot a 32or. temperature was not considered detrim­

ental to the experiment. 

1· The period of time the pupae were kept at 

the various temperatures. The pupaa were kept for periods 

ot 4, ;, 6, and 7 months at eaeh temperature. The period ot 

7 months was ohosen beoause in previous work by both Allen 

(1943) and Richardson (1949) amergenee occurred after the 

pupae were subjeeted to a constant temperature of 35°F. for 

7 and 6 months, respeetively. The period of 4 months was 

selected so that the pupae oommenoing August 1 would be 

re.moved Deoember 1, beoause aooording to Morrison (1943) 

pupae brought in to the 1aboratory from the field prior to 

Deoamber 1 would not emerge. The periode of 6 and 5 

months were ohosen to provide information as to the efteot 

of periode of a month on the pupal development at any one 

of the three temperatures. 

Tha pupae, sifted from the sand of the rearing 

tlats, were divided into groups of lOO; eaoh group was 

plaeed in a 1/2-pint, waxed-paper carton half filled with 

sand. The sand was kept moist until the cartons were 
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plaoed in the constant temperature rooms. 

On August 1 1 the date the experiment commenced, 

4 cartons eaoh containing lOO puparia were placed at tem­

peratures of 34°F., 36~., and 40oF. This was repeated 

for the dates of August 15, September 1, and September 1;. 

Of the 4 cartons placed at each temperature on each of the 

4 dates, 1 was kept there for a period of 4 months, 1 for 

5 months, 1 for 6 months, and 1 for 7 months. At the end 

of the 4, 5, 6, and 7-month periode the cartons were ramoved 

and placed in a constant temperature cabinet at 70°F. The 

sand in the cartons was kept moist until emergence ceased. 

The cartons were ohecked daily and the flies 

ramoved and reeorded. At cessation of emergence the sand 

was sifted and the number of empty pupal oases noted. 

c. Resulta and discussion 

A d&ily record or the flies that amerged through 

the sand medium was kept for eaoh carton in the test. The 

summarized resulta are presented in Table I. Mould growth 

oocurred in 3 of the cartons, prevanting normal emergence 

of the flias. In support of this, Table II shows the 

currant fruit fly emergence based on the number of empty 

pupal cases present in the sand follawing cessation of 

emergence. The number of empty pupal cases in each instance 



was oheoked against the number of puparia from whioh no 

adults had amerged. A oomparison of Tables I and II show• 

that ~ergenoe from the exposed puparia waa generally greater 

than from puparia oovered by sand. Due to suoh factors as 

.mould growth and cemanting of the sand.a number ot flies 

died in the medium. Table II is oonsidered to represent 

the actual emergence more aocurately than Table I. The re­

ault& of Table Ir are graphically repreaented in figure• 1, 

2, and 3, whioh show olearly the trend of the resulta~ 

An analysis of variance was performed on the 

results presented in Table II. The resulte of the analysis 

of variance showed that the temperatures at whioh the pupae 

were kept, the dates on which the pupae were plaoed at the 

temperatures, and the number of months the pupae were kept 

at eaoh tamperature had signifioant effects on the emergence 

of the adult ourrant fruit fly (Table III}. The resulta 

were turther analysed to determine whether there were 

signiticant differences between the efteots of the indiv­

idual tsmperatures, dates, and months. For the temperature• 

the resulte of the ana1ysis showed that there is a signit­

ieant difference at the 1 par cent leval between 34° and 

36°F. but not between 36° and 40°F. 

The ana1ysis of the data to determine the individ-



Table I 

Emergence of a.dult ~. cana.densis from sand medium 
based on Ioo pupae per carton 

Tempera ture 

_24°1'. 36o:r. 40°!'. 

Months 
Dates 4 5 b. 1 4 5 b 7 4 5 6 

Aug. 1 1 0 4 a6 12 11 21 64 18 27 49 

Aug. ~.5 12 21 42 16 39 49 61 73 39 52 56 

Sept. 1 35 61 65 14 ;6 69 64 67 48 41 47 

Sept. 15 37 46 .5.5 72 5.5 6.5 66 73 46 61 3.5 

7 

57 

74 

67 

8; 



Dates 

Aug. 1 

Aug. 15 

Sept. 1 

Sept. 15 

Table II 

Total emergence of adult E. canadensis 
based on number of empty-pupal cases 

'l"em:pera ture 

34°F. 3b0J'. 40o::r. 

Months 
4 .5 6: -, 4- .5 0 7 4 .5 0_ 

1 1 15 .30' 16 18 26. 70 18 30 58 

15 24 49 51 42 48 69 78 49 52 56 

.35 61 66 27 .36 69 73 71 48 62 56 

39 56 59 73 59 71 80 80 54 70 70 

7 

63 

80 

69 

88 
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~ab1e IIA 

Tab1es of ~argences derived from fab1e. II 

1. No. months in s"torage. 
Tem~. •4 5 ' 7 Total. a Avga. 

M 9Ô 142 189 l.8l. 602 ~7.62 
36 lU 204 248 299 906 56.62 
40 169 21.4 24.0 300 923 57.i8 

Total. a ill 562 677 780 24;il 
Avgs. 34.33 46.83 56.41. 65.00 

2. No. months in storage 
Dates 4 5 6 '1 ~otala .&vga. 
Aug. 1 35 49 99 163 34.6 28.83 
Allg.15 106 1.24 174 209 61.3 51.08 
Sept.1 119 192 195 16? 673 56.08 
Sel!t.l.5. 152 19'1 209 2.U 799 66.58 
~ota1a 412 562 677" 780 24al 
Avga. ~4.33 4ô.~ 56.41. 65.00 

3. Dates of introduction 
Temp. A.!:!8,e1 Agg.15 Se;et.1 Se.~~-15 Tota1s Avga. 

34 47 139 189 22.7 602 37.62 
36 130 23'1 249 290 906 56.62 
40 i!l 237 235 282 92Z 57.68 

Total. a 613 673 799 2431 
ATgs. 2.8.83· 5l.&s 56.08 66.58 

4. Differences necesaary for~ificance between meana ot: 

l.2 variatea 16 variatea 
~point 8.09 6.81 
l$ point 11.35 9.37 
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Fig. 1. Emergence of currant fruit fliss, Epoohra 
canadensis Loew, from puparia kept at 346F. 
for periods of 4, 5, 6, and 7 months. 







Fig. 2. Emergence of ourrant fruit flies, Epoohra 
oanadensis Loew, from puparia kept at 366~. 
?or perlods of 4, 5, 6, and 7 months. · 
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Fig. 3• ~ergenoe ot ourrant fruit flies, ~poohra 
oanadensis Loew, from puparia kept at 400F. 
for periode .. of 4, .5, 6, and 7 months. 





Talle ID: 

Analysis or variance or resulte or Table II 

Source or Degrees or Sum or 
variation. freedom sauares 

Temperature& 2 4n78.04 

Dates 3 9114 • .56 

Months 3 '·239·73 

DxM 9 1918.69 

Tx:D 6) 
) 

T:x:M 6.) 
} 30' 

2477.96 T:x:DxM 18)error 

Total. 41 2~28.98· 

xx Beyond the 1~ leval or signifioanoe. 

x Beyond the .5~ leval or significanoe. 

Mean or 
squares 

2039.02xx 

3038.18XX 

2079·9lxx 

21J.~8X 

82 .. 6o 
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ual effeot of the months shows that the difference between 

4 and 5 months, and 5 and 7 months, is significant at the 

1 per cent level, but the difference between 5 and 6 months, 

and 6 and 7 months, is not signiticant at the 1 per cent 

lev el. 

The difference between the dates ot August l. 

and August 15, and between August 15 and September 15, 

according to the analysis ia aignificant at the 1 per cent 

level, but the difference between August 15 and Septaœber 

1, and between September 1 and Septsmber 15, ia not aignit­

icanffi at the 1 per cent level~ 

On the basis of the analysis pertor.med it would 

appear that a significantly greater number of pupae had 

reached a state ot development by August 15 than by August 

1, enabling them to w1 thstand the temperatures to which 

they were subjected. Reference to Table IV shows, however, 

that the earliast data at whioh 50 per cent or more of the 

pupae produced adults in the shorteat period of time waa 

Sept.mber 1 for the tsmperatures of 34° and 36°F. If the 

development of the pupae by September 1 permits only a 

slightly greater than 50 per eent emergence, it is quite 

probable that the state of development of the pupae in the 
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Table IV 

The earliest date at which 50 par cent or more 
of the pupae produoed adults in the shorteet 
period of time at 3 constant tamperatures 

Date pupae Date pupa.e N"o. 
Temperature .plaoed at rem.oved from. months at 

F. tem.perature temperature temperature 

34° Sept. 1 Feb. 1 , 
360 Sept. ~ Feb. ~ , 
40° Aug. 15 Jan. 15 , 
40° Sept. 15 Jan. 15 4 

·-· ·----------------- - - ----------------------
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field would not be auch as to enable 50 per cent of the 

pupae to withstand temperatures of 32~. and lower, which 

occur in the soil during the winter (Mail 1932). 

In the experiment conducted, the analysis showed 

that a temperature of 36° or 40°7. is more effective for 

wintering pupae than }4°F. 

The periods of 5 or 6 or 7 months, aocording to 

the analysis, were more productive than a period of 4 months 

at any one ts.mperature. Table IV shows that a period of 5 

months commenoing September 1 at 34° and 36°Y. and August 15 

at 40~., and 4 months oommenoing Septamber 15 at 40°F. 

met the requirements of at least 50 per cent of the pupae. 

At the conditions shown in Table IV it appears that the 

state of diapausa is oompleted in 4 to 5 months and ends 

between January 15 and February 1 for at least 50 per cent 

of the pupae. 

The number of days fram date of transfer of the 

pupae from the three temperatures to ?0°F. to the date 

emergence commenced is shown in Table v. It is evident 

from the resulta that for the 4-month period for the dates 

of August 1, August 15, and September 1, at any of the 

three temperatures, the number of daya before the adulte 

began to emerge is greater than for the date of Septamber 

15• In relation to this, the emergence, Table II, tor the 



Dates 

Aug. 1 

Aug. 15 

Sept. 1 

Sept. 15 

'l'able V 

Number of days from ramoval from constant 
temperature cabinets until commencement of 
emergence of adu1t E. canadensis from soi1 

Temperature 

34°F .. 36°F. 40°F. 

Months 
4 -5- 0 7 4 -., 0 --,- 4 5 b 

100 0 14 16 64 30 10 17 46 30 8 

48 26 17 17 34 16 16 11 42 20 13 

35 22 20 7 33 6 16 7 32 3 14 

17 20 15 11. 24 18 15 11 30 17 12 

7 

12 

9 

4 

9 
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same dates, tœnperatures, and period does not exceed ;o 
per cent. It is evident that a 4~onth period of condit­

ioning at the above dates and temperatures is not sufficient 

to effect ;o per cent emergence. 

2. VFECT OF MEDIUM ON PUPAL DEV'ELOPM!IIT 

AND EMERGENUE 

a. Materiels 

{1} Pupae. The pupae, 21 300 in number, were 

reared from infested barries placed on a screen over sand. 

The larvae left the fruit and crawled through the ~creen 

into the ~and where they formed their puparia. The sand 

was sifted and the puparia removed. 

{11) Containers. The puparia were stored in a 

olosed waxed-paper carton. Petri dishes with plaster of 

Paris in the bottoms were used for the pupae at the final 

rearing temperature. 

(111) Equipment. Constant temperatures of 40° 

and ?0°F. were used in the experiment. A refrigerator was 

used to produ~e the 40°F. temperature and a constant temper­

ature cabinet thermostatically oontrolled provided the tem-

perature of 70°F. 



The relative humidity in the refrigerator remaiaed 

constant at 83 per cent. In the constant temperature cab­

inet, pans of water were provided to raise the humidity. 

~he plaster of Paris in the petri dishes was kept moist. 

b. Experimemtal procedure 

The puparia, when sifted from the sand, were 

placed in a pint-sized, waxed-paper carton and on August 15 

were placed in the refrigerator. The temperature of the 

refrigerator averaged 40·0F. and the relative humidity 

83 per cent. On the lst and 15th of January, February, 

Mareh, and April, samples of puparia were removed from the 

carton and plaeed in a petri dish, the bottom of whieh was 

covered witb plaster or Paris and kept moist. The petri 

dishes containing the puparia were placed at a constant tem­

perature of 70°F. The puparia were kept under these con­

ditions until emergence ceased. The number of emergents was 

recorded daily. 

c. Resulta and discussion 

The resulta presented in Table VI compare closely 

with the resulta of Table II for the same date, tamparature 1 

and number of months. The difference between the two tests 
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N'o. 

No. 

!fable vr 

~argence of ~. eanadensis adults from puparia 
held at-(0:01. eo:mmemcing August 15 

\ 

months q. 5 5-l 6 6i 7 7i 
pu paria 39 40 56 68 69 100 ~07 

emergents 20: 20 27 46 39 69 66 

"/.. emerge.mce 51.3 50.0 _45~7 67.6 49..-2 69.0 61.6 

':fable VII 

Number or days from removal from constant 
temperature cabinets until commencement of 

emergence of adult !• oanadensis 

.mro. mon th!l 4i 5 5i 6 6.i 7 7i ft. 

No. days 
pre-emergence 27 20 16 15 L4 12 7 8 

8 

154 

88 

57.1 



lies in the use of sand in the previous experiment. The 

emergence of 51.3 per cent of the flies after 4 1/2 months 

eo.mmencing August 15 shows that the sand media had no 

apparent erfeet on the pupal development or emergence. 

On the basis or the resulte of the experiment, 

Tab1e VI, at least 50 par cent or the pupae entered the 

state of diapause by August 15. The duration of the dia­

pause period of at !east 50 per cent of the pupae was 4 1/2 

months. Diapause was completed by January 1. 

The number or days from the time of removal from 

the constant temperatures until emergence commenced, shown 

in Table VII, compares with the data presented in Table V 

for the same time, date, and period of months. 

3. VFECT OF CONSTANT TEMPERATURE OF 70° !'AHRZNim!T 

ON PUPAL SURVIV AL 

a. Ma terials 

{i} Pupe. The 200 pupae used in the experiment 

were reared from infested berrias. 

{ii} Containers. Petri dishes with the bottoms 

covered with plaster of Paris, were used to hold the pupae. 

(iii) Equipment. A constant temperature of 70°1'. 
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was required for the duration or the test. The temperature 

was provided by a thermostatically oontrolled constant tem­

perature cabinet located at Brandon, Manitoba. 

The relative humidity was maintained by pans. of 

water, and moisture was added to the petri dishes. 

b. ~perimental procedure 

The pupae, when sifted from the sand, were divided 

into 2 groups of lOO pupae each. ~ach group of pupae was 

placed in a petri dish with a thin layer of sand. The 

sand was used to keep the pupae more or less separate from 

each other to prevent spread of moulds. The petri dishes 

were eovered, and plaoed in the constant temp·erature cab­

inet at 70°F. The pupae were retained at the above con­

ditions from August 1 until April ~. 

o. Resulta and disoussiom 

No tlies emerged from the ourrant fruit fly 

puparia retained at 70°F. from August 1 until April 1. 

The negative resulte would indioate that a period 

at a law temperature is neeessary to satisty the diapause 

requirem.ents or the pupae. Severin (~917), however, did 

obtain adults from month-old puparia kept in moist sand in 



the insectary during August and September, but 6 of the 17 

flies that amerged in August were abnor.mal. The tact that 

adulte did not emerge in the soil from pupae in the field 

shows that the emergence obtained must have been abnor.mal. 

The abnormal flies obtained in Severin's experiment would 

tend to support the thought that a period of low temperature 

is necessary for normal development. 

c. DATE OF COMPLETION OF DIAPAUSE IN THE FIELD 

1. MATERIALS 

a. Pupe.e 

The pupae for the experiment were sifted from the 

soil around the bases of currant bushes on September 21. 

b. Containers 

Cages, 2 by 4 by 4 inches, were made or 14-.mesh 

wire screen to hold the pupae and medium. 

c. Meditnn 

Clay loam was used as the medium. 
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2. EXPERIMENTAL PROCm>URE 

The currant fruit fly pupae. when sifted from the 

soil, were divided into lots of 25. Each group was placed 

in soil in a cage. The cage was elosed and buried in the 

ground so that the pupae were 3 inches below the soil sur­

face. On the lst and 15th of Decembar, January, February, 

March, and on the lst of April a cage containing pupae was 

dug up and taken to the laboratory. The pupae and medium 

were transferred to a waxed-paper carton and placed at a 

te.mperature ot 4QOF. for 1 day to condition the pupae to the 

temperature change. They were then placed in the constant 

temperature cabinet at 70°1. The soil was kept moist. 

The emergence was recorded daily and at cessation of emerg­

ence the soil was examined for empty pupal cases and puparia. 

3. RESULTS .AND DISCUSSION" 

The results of the experiment, Table VIII, show 

that emergence to the extent of 20 par cent oceurred when 

the pupae were removed from the soil on Deoember 1, 32 per 

cent emergence occurred when removed December 15, and 52 

par cent emergence occurred when removed January 1. It 

would appear from these results that by January 1 the 



T."able V'III 

Par cent emergence of adult ~. eanadensis from 25 pupae 
on basis of number o? ampty pupal cases 

Date J>U l-S.e removed from field 
Dec. Dec. Jan. Jan. Fe b. Fe b. Mar. Mar. Apr .. 

1 15 1 1.5 1 15 1 lL5 l. 

No. emergents 
from soil 2 7 10 16 13 12 14 15 13 

No. empty 
pupal cases 5 8 1.3 18 15 12 1.4 15 13 

Per oemt 
emergence 20. 32 52 72 60 48 .56 60 52 
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Table IX 

Number of days from date or ramoval from soil unt11 
adu~t ~. canadensis commenced to emerge from medium 

Date pu>ae removed from field 
Dac. Deo. Jan. Jan. F'eb. Fe b. Mar. Mar. Apr. 

1 ~5 l. 15 1 15 1 15 1 

No. days 111 .53 39 3} 36: 33 2.5 14 23 
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diapause requirements of at least 52 par cent of the pupae 

in the field are met. 

The number of days pre-emergence, Table IX, 

shows that, although 20 par cent of the pupae produced 

adults when removed from the soil December 1, it required 

111 days before the flies began to emerge. The time factor 

evans off for the pupae removed January 1, at 39 days. 

These data further support the evidence of Table VIII that 

the diapause requirements of at least 52 par cent of the 

pupae in the field are met by January 1. 
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V. SOIL FUMIGATION S'rumES 

A.. ON LARVAE ENTERING THE SOIL 

1. LABORATORY TES'!' 

a. Matarials 

(i) Larvae. The larvae for the experiment wara 

raarad from infestad fruit. The mathod consistad of plac­

ing the infastad fruit on a 1/8-inch mesh wire screen oYer 

moist fine graval containad in a flat. The larvae on 

laaving the fruit fell through the screen onto the graval, 

which they entered to pupate. The larvae were takan tram 

the flats before they anterad the graval, or by heavy 

application of water the 1arvae that had antered the graval 

were caused to raturn to the surface to be picked up. 

{ii) Containers. The containers consisted of 

waxed-paper, pint cartons having a diameter of 3 1/2 inohes, 

a height of 4 inches, and an end area of 9.6 square inches 

or 1/15 of a square foot. The carton tops were not used in 

the experiment. 

(iii} Medium. Garden loam composed large1y of clay 

served as the medium. 

(iv) Insecticides. The insecticides DDT, hexaehloro~ 

cyclohexane, and chlordane were tested in the experiment. 



Each insecticide was in the form of a wettable powder that 

oontained 5 per cent of the active ingredient. The fumdgants 

ethylene dibromide and DD were not tested. Their persistence 

in the soil in the laboratory, ethylene dibromide at excesa­

ive rates 14+ days and DD 2 days (Stark and Laar 1947), did 

not exoeed the period of 1'+ days (All~ 1944) over which 

the larvae entered the soil in the field. 

b. Rates 

The insecticides were each applied at ; and 2.; 

pounds of the active ingredient per surface acre. 

e. Experimental procedure 

The cartons were filled to a depth of 3 inohes with 

the clay loam. The inseoticidea were soattered on the soil 

surface and mixed in the soil to a depth of half an inch. 

Following this the ourrant fruit fly larvae, obtained from 

the rearing flats, were placed on the soil aurtaca. A total 

of 15 larvae were plaoed in each carton. Applications of 

water were made at intervals to keep the soil moist. 

The cartons, 24 in number, oomprising the three 

test insecticides eaoh at two levels of treatment, triplio­

ated, and six oheok cartons, were kept in the inseotary. 
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The resulta were obtained by dissecting and exam­

ining the pupae. The larvae, if healthy, at the date of 

examination had completed their pupal development and were 

easily distinguished from the affected insecte. The affected 

insecte had either failed to produce puparia or had died 

in the puparia and had dried up. 

d. Resulta and discussion 

The resulta presented in Tabl.e X show that of 

the three insecticides tested, only BHC had an effect on 

currant fruit fly larvae as they entered the soil. Its 

degree of control, 45.4 per cent, was not satisfactory. 

DDT and chlordane had no apparent effect on the larvae. 



Table X 

The percentage mortality corrected by Abbott•s formula 
effected by DDT, chlordane, and BHC on~. canadensis 

larvae, 15 per replicate, entering the soll 

No. . j. Ave •. 
Jfaterial Rate Repli ca te dead mortalit_X 

BHC 5"/o gamma 2.5 lb. A ~ 45.4 
gamma/ac. B 

c 6 

BHC 5'fo gamma 5 lb. A 5 45.4 
gamma/ac. B 6 

c ~0 

DDT 5fo 2.5 lb. A 0 o.o 
actual/ac. B 0 

c 1 

DDT 5"/o 5 lb. A 0 o.o 
actual/ac. B: l. 

c 0 

Chlordane 5"/o 2.5 lb. A 0 o.o 
actual/ ac. B 0 

c 0 

Chlordane 51o 5 lb. A 0 o.o 
actual/ac. B 0 

c 0 

Check ~ A 0 o.o 
B 0 
c l. 

Check 2 A 0 o.o 
:a 0 
c l. 



B. ON PR1IDIAPAUSING PUPAE 

At the time, August 20, 1950, that the prediapause 

experiment was oonducted, the only information available as 

to the approximate date that the currant fruit fly entered 

the state of diapause was that diapause occurred in the adult 

stage, which was reached within the puparium in early fall 

(Morrison 1943). Diapause studies, discussed earlier, oom­

pleted during the winter of 1950-51 showed that by September 

1, 50 per cent of the pupae had reached a state of develop­

ment or diapause enabling them to withstand a temperature 

of 34°~. It is quite probable though that by Septamber 1, 

50 par oent of the pupae would not be able to withstand a 

temperature of 32°F. or lower, whioh would occur in the 

field during the winter. The test to be discussed can prob­

ably be considered a predominantly prediapause experiment. 

1.. FIELD TEST 

a. Materials 

(i) Plots. The experiment was conducted on an 

east-west row of red currants located on the Dominion ~sri­

mental Station, Morden, Manitoba. The row was isolated by 

1/2 mile from other plantings. The bushes were pruned to 

facilitate fumigation, and the soil on either sida of the row 



and between bushes was cultivated to a depth of 3 inches. 

(ii) ~guipaent. A machine consisting essentially 

of a "Planet Junior" seeder with a 3-inch tine, and a tank 

replacing the seeding attacbment, was used to apply the 

fumigant. A copper tube was attached to the bottom of the 

tank and opened at the heel of the tine. A valve on the cop­

per tubing controlled the rate of flow of the fumigant. A 

similar machine for application of soil fumigants is handled 

by Innis, Speiden & Co., U.S.A. 

Cone-type cages, eaoh oovering 1 square foot of 

soil, were used to trap the emerging flies on the plots. 

The base of the cage oonsisted of a 4-inoh band of galvanized 

sheet iron. To the band, a 14-mesh wire soreen oone was 

attaohed to provide ventilation and faoilitate observation. 

The tip of the cone was removed and a oloth sleave attaohed in 

its place to allow acoess to the cage for removal of emerg­

ents. The height of the cage was about 1 foot. 

(iii) Soil fumigant. A 40 per cent ethylene dibram­

ide solution supplied by Dow Chemioal co. Ltd., u.s.A., was 

out with carbon tetraohloride to make a 20 per cent solution. 

b. Rates 

The 20 par cent ethylene dibromide solution was 
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applied at the rate of 2 and 4 gallons actual per acre. 

e. Method 

The fumigant was applied in an east-west direction 

along the length of the row of currants on beth aides. The 

application was made as close to the crown of the bushes as 

possible, a distance of 6 inches intervening. The suceeeding 

applications were made at 1-foot intervals from the first 

application. 

The first 45 bushes commencing at the west end of 

the row were treated differently. In addition to the applic­

ation of the fumigant along the length of the row, fumigant 

was applied between the bushes at 1-foot intervals. This had 

the effect of increasing the rate from 2 to 4 gallons of ethyl­

ene di~romide per acre. 

The following spring before the flies oammenced to 

e.merge, 3 cages were placed at random on each plot beneath the 

overhang of the currant bushes. The base of eaoh cage was 

forced into the soil to prevent the amerging flies from escap­

ing. 

The cages were examined daily for amergeats. 

At cessation of emergence the cages were removed 

and the soil covered by each cage, to a depth of 4 inches, 

was sifted. The number of puparia and empty puparial cases 
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was noted. 

In severa! cages where no emergents were recorded, 

remains of adult currant fruit flies were found on the soil 

surface. Ants and spiders were suspected of killing the 

emergents. To obtain as accurate a set of data as possible 

the number of emergents and the number of empty puparial cases 

for each cage were compared and the higher of the two figures 

taken to represent the number of emergents. It was thought 

that this method would compensate for flies lost through des­

truction and possible escape and ampty puparial cases lost in 

sitting. The raw data showed instances where the number of 

emergents equalled the number of empty puparial cases, and 

other instances where the emergent figures were greater or lesa 

than the figures for the empty puparial cases. 

d. Results and discussion 

The resulta presented in Table XI show that the 

4-gallon rate was almost twioe as effective as the 2-gallon 

rate of application. The fruit was as heavily infested as in 

previous years. On the basis of the resulta and observations 

recorded in a later experiment with dormant pupae, the per cent 

mortality obtained at either the 2- or 4-gallon rate against 

the prediapause pupae would not produce an adequate control. 

The soil temperatures taken during the experiment 

are presented in Table XII. 
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Table XI 

Mortality of prediapause E. canadensis pupae in the field 
fumigated August 20 wTth ethylene dibromide, ~950 

Rate No. No. dead Par cent Par cent ave. 
par aera emergents puparia emergence mortality 

4 gal. 5 12 29.4 73·7 
4 11 26.6 
6 19 24.0 

2 gal. 12 8 &o.o 37 ·5 
5 3 62.5 

18 1.0 64.5 

Check 10 0 1.00.0 o.o 
7 0 r.oo.o o.o 



Table ni 

Record or soil temperatures taken at 3-inch leval 
at ;.30 P.M., 1950 

Date 

Aug. 20 
21 
23 
25 
26 
30 
31 

Sept. l. 

Average 

Ave. temperature F. 

68.8 
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C. ON DIAPAUSING PUPAE 

The experiment was set up on September 22, 1950, 

by which date it was thought the currant fruit fly pupae 

would have entered diapause, and also when soil temperatures 

e:f':f'ective for volatilization woulçi still probably oecur. 

Diapause studies mentioned earlier showed that the pupae 

enter diapause on or about September 1. 

l. FIELD TEST 

a. Materiels 

{i) Plots. The experiment was oonduotad in an 

east-west row of red currants looated on the Dominion Experi­

mental Station, Morden, Manitoba. Two plots were used; one 

plot· was looated on the south sida of the row and the other 

on the north sida. Either plot consisted of an area about 3 

feet wide by 20 feet long. Four red ourrant bushes were looat­

ed between the 2 plots. The bushes were pruned to faoilitate 

fumigation. The south side of the row was oultivated to a 

depth of 3 inohes and the north sida left unoultivated but 

kept free of weeds. 

(ii) Equipment. An iron bar was used to make holes 

in the soil at intervals of 1 foot. The fumigant was meas-

ured into the holes with a pipette. 



Cone-type cages each covering 1 square foot of 

soil.wara used to trap the emerging flies. 

(iii) Soil fumigant. A 40 per cent solution of 
~ 

ethylene dibromide was eut to 20 per cent ethylene dibromide 

with carbon tetrachloride. 

b. Rates 

The fumigant was applied at a rate of 2 gallons 

actual ethylene dibromide par acre at a depth of 3 inches in 

the soil. 

c. Method 

The 2 plots were marked at intervals of 1 foot. A 

hola 3 inches deep was made at the intersections, and the 

fumigant pipetted into it. The hole was then closed with 

soil. 

The following spring, 3 cone-type cages were plaoed 

at random beneath the overhang of the currant bushes on each 

plot. The cages were checked daily for emergents. At cess­

ation of emergence the soil eovered by the cage, to a depth of 

4 inches, was sifted. The number of puparia and empty pupar­

ial cases was recorded. To obtain the correct emergence data 

the higher of the 2 figures, number of emergents and number 
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of empty puparial cases for each cage, was taken to represent 

the actual number of emergents. 

The soil temperature was recorded only for the day 

of the fumigant application. 

d. Results and discussion 

The results presented in Tables XIII and XIV show 

that ethylene dibromide applied in the fall for the control of 

diapausing pupae did not produce an average mortality of 50 

per cent. The similarity of the resulta presented seaas to 

indicate that cultivation or the lack of it does not affect 

t~e efficacy of ethylene dibromide applied in the fall. 

The soil temperature at the 3-inch leval on the date 

i 6 0 of appl cation was 0.0 F. It was not possible to obtain fur-

thar soil temperature data~ weather conditions similar to the 

day of application held for at least a week and it is assumed 
- . 

that the soil temperatures averag~d near 60°F. Such a tem­

perature causes effective volatilization of ethylene dibrom-

ide. 

The actual precipitation for September was 2.76 

inches compared with the normal precipitation of 1.88 inches. 

The precipitation for the summer season was above normal, 

the soil was quite moist and presumably in a condition favor-

ing effective fumigation. 



Cage 
No. 

1 
2 
3 

Check 

Table XIII 

Mortality ot diapausing -E. canadensis pupae 
in cultivated soil tumigated September 22 

with ethylene dibromide at 2 gal. per acre 

Number No. daad P·er cent Per cent ave. 
eaergents pupa.e mortality mortality 

9 2 18.2 40.4 
15 1.4 48.3 

7 5 41.7 

l. ~0 0 o.o o.o 
2 7 0 o.o 



Cage 
No. 

1 
2 
3 

Check 
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Table XIV 

Mortality of diapausing ~. canadensis pupae 
in uncultivated soil tumfgated September 22 
With ethylene dibromide at 2 gal. per acre 

Number No. dead Per .cent Per cent ave. 
emergents _pupe._e m.ortality mortality 

12 l 36.9 42.4 
13 31.6. 

5 9 64.3 

1 9 0 o.o o.o 
2 11 0 o.o 



n. ON DORIIANT PUP8 

Studies o~ the diapause o~ the currant ~ruit ~ly 

pupae discussed earlier in this paper shaw that the 4iapause 

stage o~ the pupae is oampleted about January 15. It is 

probable that the pupae remain in a dorment state until tem­

peratures suitable ~or ~urther development are reaohed. 

The term, dormant pupae, is used to re~er to pupae which 

have eampleted their diapause and are capable o~ developing 

to the adult state when the proper taœperaturea are provided. 

1. LABORATORY TRS'l'S 

TWo tests were made uaing dormant pupae. ~est 1 was 

made in 1949 and test 2 in 1950. 

a. Kateriala 

(i) Pupae. For the 1949 test, several thousand 

pupae were reared ~rom infested ~ruit during the previous 

summer. Infested barries were plaoed on a 3/16-iJ;l_oh •••h 

soreen whieh waa suspended in a waxed-paper carton. The lar­

vae emerged ~rom the ~ruit and ~ell to the bottom o~ the 

carton, where they pupated. The pupae were plaoed in a 

oovered carton and kept until September 25. On this date, 



tine gravel was added to the pupae, and the carton and its 

contents was placed in a constant temperature roam. The taa­

perature ranged between 3.5° and 40CT., and the relative hum­

idity averaged 90 per cent. The roam remained at the above 

conditions until April, at which time the cooling unit was 

shut ott and the room allowed to find its own temperature at 

.500 to .5.5~. On May 9, the pupae were removed from the hold­

ing room and placed in the ottioe at a temperature ranging 

between 40° and 700r. On May 1.5, adult f1ies began to aaerge. 

With the Tiability of the pupae attested, 24 groups of 100 

pupae each, were se1eote4 from the stook tor the experimente 

Selection was made on the basis ot uniformity in aize, free­

dam from obTious injuries sueh as cracks in the pupariua, and 

from puparia1 detormities. 

The pupae tor the 1'.50 experiment were sitted fr~ 

the soi1 surrounding the base of .5 ourrant bushes on June 4 

to 6 ot the same year. On this date the imagos were comaeno­

ing to emerge. 

(ii) Containers. Waxed-paper pint cartons aeasuring 

3 1/2 inohes in diaaeter by 4 inehes in height, with an end 

area ot 9.6 square inohe~ or 1/1.5 square foot, were used as 

containers in both tests. The waxed-paper tops ot the eartona 



were replaced with a 14-mesh wire acreen to provide ventil­

ation and taoilitate obserTation. 

(iii) Medium. A olay loam served as the medium in 

1949• It waa not entirely aatiataotory, as it hardened on 

loss ot moisture. In 1950 a sandy clay loam was used in its 

stea4. 

(iv) Soi1 tumigants and insecticides. In the 1,49 

and 1'50 experimenta the soil tumigants ethylene dibromide and 

1,2 di~loropropane 1,3 dichloropropene (DD), and the insect­

icide hexachlorooyolohexane (BHC}, were coapared. Dteldrin 

was included also in the 1950 tests. The ethylene dibraaide 

and DD, orude, were aupplied undiluted and were used as such 

in the 1949 tests. In 1950 the ethylene dibramide and a 50 

per cent solution ot DD were eut to 10 per cent with carbon 

tetraehloride and used in the d11uted torm. The BHC, 5 per 

cent gamma isomer, was supplied as a wettable powder. It waa 

used as supplied in 1949, but it and dieldrin, 25 per cent 

wettable powder, were diluted with talc to 0.25 per cent ac­

tive ingredient in 1950. 

b. Rates 

The tUJiigants ethylene dibromide and DB, in 1949, 

were eaeh applied at the rates ot 14.4 and 28.7 gallons ae\ual 



per acre. The BHC applications were made at the rates or 5 

and 10 pounds gamma isomer per acre. 

In 19501 ethylene dibromide and DD were applied at 

the rates or 1, 2, and 4 gallons aotual per acre. The insect­

icides BHC and dieldrin were applied at the rates or 2, 4, 

and 8 ounces or active ingredient per acre. 

o. ~perimental procedure 

The cartons, in 1949, were rilled to a depth or 

1 1/2 inohes with garden loam. The selacted pupae, 100 per 

carton, were then scattered over the soil. Two inchea aore 

of the loam wara added to eaoh earton to give an overall soil 

depth ot 3 1/2 inehes. In 1950, the cartoas were filled 

with soil to a depth or 1 inoh. Twenty-tive pupae, unless 

otherwise indieated, were soattered on the soil in eaoh carton. 

Tbree inohes more or the soil were added. The soil tumigants, 

ethylene dibromide and ~, were placed at the 3-inch level 

in the soil in the cartons in 1949, and at the 2-inoh leval 

in 1950. This was done by inserting a pencil to the require4 

depth and pipetting the rumigant into the hole remaining 

arter the penoil was removed. The hole was then tilled with 

soil. 

The BHO in 1949, and the BBC and dieldrin in 1950, 



were inoorporated into the top 1 inch of soil in the cart­

ons. The chemicals were spread on the soil surface and 

then mixed with \he soil te the depth ot 1 inch. 

~oh level of treatmeat, in 1949 ana 1950, was 

triplicated. 

In 1949 the cartons were kept at a tamperature which 

ranged from 50° to 'o0r.; in 1950 the cartons were kept in 

the office at a temperature whioh fluctuated from 40° to 70°r. 
The cartons were ex8Jilia.ed daily, and all -.erg en ts 

were reeordad and ramove4. At oes~ation of emergence in 1''0 
the soil was examined to determine the tate of the remain4er 

of the pupae. 

d. Resulta and discussion 

The resulta of the 1'49 and 1950 laboratory exper­

imenta with doraant pupaa are disoussed her.with. 

"Ethylene tibrom14e, Tables X'f, XVI, and XVII, at 

the rates of 14.4 and 28.7 gal1ons of tumigant par acre, waa 

100 per cent effective against the dormant pupae. A seeond 

test at lower rates, Table XVIII, shows that the tumigant was 

100 per ceat effective at • gallons per acre. At 1 and 2 

gallons per acre, ethylene dibromide was, Table XVIII, 74.3 

and 97.1 per cea~ effective, respectively. Examination of 
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the puparia in the cartons of the ethylene dibromide test, 

Tables XW and XVI, showed that no emergence from the puparia 

occurred, partial or otherwise. The ettect ot the tumigant 

apparently was to kil1 the dormant pupae within the puparial 

e·ases. 'fhis is evident also i.n Table XVIII where the 4 

gal1ons par acre rate gave complete control ot the dormant 

pupae; examination ot the puparia failed to shaw any partially-

8merged flies. The 1 and 2 gal~ons per acre allowed some 

emergence but here again the majority ot the pupae died in 

the puparial eases. 

The DD tests, Table XVII, at the rates ot 14.4 anA 

28.7 gal~ons per acre produeed a mortality or 49.6 and 73.6 

per cent, res~eotively. The resulta of DB tests at lower 

rates, Table XIX, show that DD, at these rates, is practio­

ally inetteotive against dormant pupae. The resulta, Tables 

IV and XVI, show that either the ettect ot the DD dissipated 

atter a short period of time or that the DD was inettective 

against the dormant pupae. Both would seam to be true. The 

DD at the rate of 14.4 gallons per acre suppressed amerg~Aoe 

tor a period ot about 9 days, and at the 28.7 gallons p.r acre 

suppresaed emergence tor approximately 12 daya. The emergence 

ot the tlies atter the suppression periods compares with the 

check emergence. AccordiDg to Stark and Lear (1947) DD mixture 



(crude) has a relative persistance in the soil of 2 days. 

The persistance of the fumigant in the soil was determined 

by the number of days after treatment that wheat seed could 

be planted without injury. 

That DD is ineffective against the dormant fruit 

fly pu:pae is evident from Tables XV! and XVI. Had the fumig­

ant been effective against the dormant pupae it is logical 

to suppose that emergence would not have been suppressed 

for a definite period hut that the emergence of the surviv· 

ors would have been dispersed over the period rather than 

occurring at the end of the period. It is probable that the 

DD, used at the excess rates of 14.4 and 28.7 gallons per 

aere in a rather impermeable waxed-paper carton at temper­

atures of 400 to 70°F., would talee longer to dissipa te the.n 

iDdicated by Stark and Lear (1947}• Under the eonditions 

deacribed 1 the DD probably ramained insecticidal for the 

periode of 9 and 12 days as the resulta show. The resulta 

of the diapause studiea, ~able v, show too that the periode 

of 9 and 12 days are sutficient to permit pupae, after the 

diapause requirements have been met, to break dormancy and 

emerge. 

EXamination of the puparia at cessation of emerg• 
. 

enoe showed that the majority of the dead pupae died within 
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the puparia whi1e the remainder died partially emerged from 

the puparia. A record of the number of dead pupae aD4 

adults in the soil woul4 probably have shawn that the number 

of dead pupae is less thaa indioated by total emergence 

figures and that a large number of adulta died in the aoil. 

This statement is pro.apted by the resulta presented in Tablea 

XIX and XXII, whieh show that in the DD and check cartons 

approximately 1/7 of the flies died in the soil. 

The evidence presented would appear to sh8W that DD, 

during its period of inseeticidal persistenee, is effeetive 

agaiaet adulte in the soil, adults as they emerge from the 

puparial cases, and probably against those pupae which have 

mroken dor.maney within the puparial cases. 

The resulta of the BHC tests, Tables XY, XVI, XVII, 

and xx, show that BHC had no signifioant effeot on the dormant 

currant fruit fly pupae. 

The affect of dieldrln, Table XXI, against the 

dormant pupae also appears negligible. 
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Table XV 

Daily amerganoe ot B. oanadenais, totalled at 3-day 
. intervala, tram 1~0 dor.ant p~pae par replioate, 

treated in the laboratory, 194' 

DD mm BHC 
Date 14.4 .gal • . l4e4.gal. 5 .lb. Chet)k 

Der e.e:J;"e »•r ac:J;"e _per acre 
J. ~- _ç_ _A Jt _c -"'- :Il JJ. A. B c 

)(ay 19-21 1 1 3 1 1 2 

22-24 2 1. 1 1 2 

25-27 1 7 8 '1 7 1.3 a 
28-30 9 7 27 20 28 17 23 18 

May 31-lune 2 21 12 22 27 15 11 2; 17 18 

lune 3-.5 3 6 6 4 8 8 8 9 10 

6-8 2 3 8 ; ; ' 4 

9-ll 4 2 4 ' 1 ; 4 3 8 4 

12-14 2 1 2 1 2 1 1 1 

Total 41 21 43 . 0 0 0 ll_1_Q 6.5 68 78" 



:May 

May 

58. 

Tab1e XVI 

Daily emergence of E. eana4ens1s, totalled at 3-day 
1ntervals 1 from 1~ l$r.a&nt pupae per replicate, 

treated in. the laboratory, 1949 

Date 

1,-21 

22-24 

25-27 

28-,0 

31-J'une 2 1 2 18 

5 

BIIC 
10 l.b. 

li.. 

'1 2 

1.8 2' 28 

3~ 1.5 25 

Check 

1 2. 3 

1 

9 4 4-

25 l' 27 

lL9 21 11 

June 3-5 6 6 6. .5 ' ' 4-

6-8 2 4- 5 3 2 5 4 ' 9-11 4 2 11 4 3 4 ' 8 8 

12-14. ! 2 l. 2 1 

Total. ' 40 0 0 0 
2 'i '' .,, '' 



Table XVII 

Par cent morta1ity1 correoted by Abbott's formula,* 
of' dormant B. canadensis pupae 
treated in the laboratory, 1949 

Material and rate Total emergence Par cent mortalitz 

DD 14.4 gal./acre 1.0.5 49.6 

DD 28.7 gal./acre .55 73.6 

liDB 14.4 gal./aore 0 ::r..oo.o 
BOO. 28.7 gal./aore 0 1.00.0 

BHC .5 lb • gamma/a ore 208 0.2 

BHC 1.0 lb. galDBIB./aore ~99 4.,5 

Check 208 • .5** .30.,5 

• Abbott, w.s. 192.5. A method of' computing the ef'feotiveness 
of' an insecticide. Jour. Econ. ~t. 18:26,5-267. 

** Average total amergenoa from check of Tables XV and XVI. 
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Table XVlli 

~reet or ethylene dibromide on dormant 
~· oanadensis pupae in the laboratory, ~950 

1 gal./ao. 2 gal.7a.o. 4 gal./ao. 
Rates of replioates A H C A B C A B C 

No. pupe.e 25 25 25 2; 25 25 25 25 25 

No. dead pupa.e 20 ~5 22 24 25 24 25 25 25 

Nfo. adults de ad in soi~ 2 1 1 ~ 

No. adulte de ad in carton 2 4 

No. adults surviving 1 5 2 1 

Total emergence 5 1.0 3 1 1 

~ total amer~enoe 20 40 1.2 4 4 
;. average mortality'P 

74.3 97.1 l.OO.O oorreoted by . 
Abbott•s formula 

* In Tables XVIII to XXI, inclusive, based on average 
emergence of check Table XXII. · 



'fab~e XIX 

~feet of dieh1a~prepane dieh1oropropene on 
dormant !• oanadensis pupae in the laboratory, 19.50 

Rates 
~ -

Re lieates 

No. pupa.e 

Nro. dead pupae 

mo. adults dead in so11 

No. adults dead in oartoa 

ao. a.dul ts surrt v1ng 

Total e:mergeDICe 

total eer oce 
aTerage m•r a 7 . 
correeted by _ 
Abbottts formula 

2.5 2.5 2.5 

1 3 6 

S' 3 

2.5 2; 2.5 

3 7 1 

7 1 ' 
1.5 11 1.8 

22 18 2.(; 

88 

4 ga • ·ae. 
J.. B e 

2.5 2.5 2.5 

.5 ' 2 

3 3 ; 

17 17 1.8 

20 20 23 

ao 8o 2 ·. 

-1().0_ 



Table XX: 

Ef~eot or hexaohloro~ye1ohexane {0.25~ gamma iaomer) on 
dormaat !• eanadensis pupae in the laberatory, 1'50 

a es oz. g-
isGaer/ae. 

oz. g-. 
isctaer/ao. 

Re lieatea A B c Â B c A B c 
1!10. pupae 25 2; 25 25 2; a; 2; 2.5 2.5 

No. dead pupe ' 2 3 2 0 2 ~ 1 .5 

DITo. adul ts dead in soil. 3 12 ' 0 3 l.. 3 2 4 

No. adults dea.d in cartoœ 2 3 3 3 7 4 7 7 ' NG. adults aurviTing 14 8: 13 20 1.5 18 14 1.5 11 

Total •ergenee 1.9 23 22 23 2.5 23 24 24 20 

2 88 80 
average mor a '1 

tl'.; .. 2.8 eorreeted by o.o 
Abbottts formula 

. 



Tabl.e XXI 

Ettect ot dieldrin (0.25~ actual} on dormant 
~· canadensis pupae in the laboratory, 1950 

Ratee 2 oz,. aotual 4 oz. ac ua 
per aere per acre 

B.e lieates A B e A B c 

No. pupae 20 20 20 2.5 25 2' 

No. dead pupie 5 2 2 2 2 3 

Nb. adults dead in soil 2 7 2 5 3 7 

Na. adu1ta dead in carton 1 3 4 4 ' 5 

If-o. a4u1ts surviving 12 8 12 14 14 10 

Total emergence 15 18 18 23 23 22 

8.7 2.8 

A B c 

25 2.5 25 

2 2 3 

5 7 1 

2 3 ' l' 13 10 

23 23 22 

88 

2.8 



Taàl.e XXII 

Adult smergenoe from dormant ~. canadensis pupae 

Repli oates of check A B c 
wo. pupae 25 25 25 

lfo. dead pupae ~ 1 3 

No. adults de ad in soi1 4 5 1 

No. adulta dead in carton 

N'"o. adults surviving 20 l' 21 

Total emergence 24 24 22 

~ total aaersenoe 2' .2! 88 
average mortailty 
correoted by o.o 
Abbott•s foraut. 



2. FIELD TES'fS 

Three tield trials were made with dormant pupae. 

The 1950 and 195la experimente were used to obtain information 

coneerning the etticaoy ot ethylene dibromide against the 

pupae at different rates, depths, and conditions of oultiv• 

ation. The purpose of the 195lb test was to determine the 

effieacy of the rumigant where the whole planting was rUDdg­

ated. 

a. Jlaterials 

(i) Plata. The plots of the 1950 and 195la exper­

imenta were located within east-west rows or red eurrants 

growing on the Dominion EXperimental Station, Morden, Mani­

toba. The 195lb experiment was made in the eurrant and 

gooseberry planting of Mr. Godfrey, Morden, Manitoba. 

{11) Equipmant. ~or the application or the fumig­

ant in 1950 an iron bar 'for making the holes and a pipette 

tor measuring the 'fumigant comprised the fumigation equip­

me.nt. In the 195la and 1.9.5lb experimenta a meehanieal in­

jector termed Worumigun• was amployed. It was supplied by 

Innis, Speiden! co., u.s.A. The injeotor was capable ot 

deliverimg quantities or tumigant aoourately as low as 1 

oubio eentimeter per stroke. 



Cone-type cages, eaoh oovering an area of 1 square 

foot, were used to trap the emerging flies. 

(iii} Soil fumiganta. Ethylene dibromide was the 

only fumigant used in the 3 field experimenta. The fumi­

gant supplied in the 1950 test was a 40 par cent solution, 

and in the 1951 tests an 8; per oent solution. In both 

years the rumigant solution was eut to 20 per cent ethylene 

dibromide with carbon tetraehloride. 

b. Rates 

In the 19.50 and 195lb tests, the ethylene dibrcœide 

was applied at the rate of 2 gallons per acre. In the 19.51a 

test, it was applied at the rates or 2, 3, and 4 gallons par 

aere. 

o. Jlethods 

In 19,0, a section of a row of red currants, meas­

uring about 6 reet wide by 40 reet long, was seleoted for 

fumigation. The area was marked off at 1-root intervals. 

Holes to a depth ot 3 inches were made at the intersections 

with the iron rod. The rumigant was pipetted into the 

holes and the holes olosed with soil. Six oages were placed 

at rando.a in the fumigated ar~a beneath the overhang or the 

currant bushes. The cages were cheoked daily and emergents 

removed. 



The 195la expariment, located in an east-west row 

of red currants, eovered an area 6 teet wide by about 60 

feet long. The soil on the south aide of the row was cul­

tivated with a spada to a depth of 3 inches. The north side 

of the row was left uncultivated but kept free of weeds. 

The cultivated and unoultivated areas were each 

divided into 3 sections and each section into 3 plots. A 

plot was equal to the distance, about 6 feet, between two 

currant bushes in either the eultivated or unoultivated areas. 

The 3 sections of cultivated or uncultivated soil 

were fumigated to a depth of 1, 3, or 6 inohes, respectively. 

The 3 plots within each section of cultivated or uncultivated 

soil were fumigated at the rate ot 2, 3, or 4 gallons per acre, 

respectively. Following the fumigation, two cages were placed 

on eaoh plot to trap the amerging flies. 

At cessation of emergence the cages were ramoved 

and the soil covered by the cage, to a depth of 4 inohes, was 

sifted. The number of ampty pupal cases and puparia were 

recorded. The higher of the two figures, number of emergents 

and number of empty puparial cases for each cage, was takan 

to represent the emergence figure. 

The 195lb experiment wae conduoted in a private 

planting of currants and gooseberries. The entire planting 
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was fumigated with ethylene dibromide to a depth of 3 inQhes. 

The mechanical injector was used to apply the fumigant. TWo 

cages were placed on the tumigated soil beneath the overhang 

of the currant bushes. The cages were checked daily. At 

eessation of emergence the cages were removed, and the soil 

covered by the cage, to a depth of 4 inches, was sifted for 

empty pupal cases and puparia. The number ot emergents and 

number of empty puparial ca~es obtained for each cage were 

compared and the higher of the two figures retained to rep­

resent the currant fruit fly aœergence. 

~ter the maggots of the ourrent season had left 

the fruit and entered the soil, two soil samples, each 1 

foot square by 4 inches deep, were sifted. The number of 

puparia obtained par square foot served as a check on the 

season's infestation for that planting. 

d. Resulte and discussion 

The resulta of the 1950 field experiment, Table 

XXIII, show that ethylene dibromide gave control of the dor­

mant pupae in the field ranging from ;o.o to 100.0 par cent. 

The flies that did emerge, amerged at the beginning or the 

emergence period, a matter of .5 and 6 days after the fumigant 

was applied. Examination of the puparia sifted from the soil 
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after cessation of emergence showed that a number of the 

pupae died partially emerged from the puparia. The early 

emergence, and the dead partially-emerged pupae, would sean 

to indicate that the fumigant application was late. 

An analysis or variamce was performed on the 

results of the 195la experiment, Table XXIV. The resulta 

of the analysis showed that only the soil had a signifieant 

affect on the efficacy of the fumigant. The highest mortal­

ities were obtained on the cultivated soils apparently at 

the 3-inch depth. The rates of application and the depth at 

which the fumigant was applied, aocording to the resulta of 

the analysis, failed to affect the efficacy of the fumigant. 

In neither the 1950 nor the 195la experimenta 

eould the affect of the soil fumigation on berry infestation 

be determined. The plots were located within rows of curr­

ants and easily accessible to gravid females from the re­

.ainder of the rows. 

The resulta of the 195lb experiment, Table XXV, 

were obtained from a planting whioh was eompletely fumigated. 

The mortality of the fruit fly pupae was 52.9 and 80.0 per 

cent. Despite these mortalities the red eurrant infest­

ation was estimated to range from 25 to 50 per cent. The red 

ourrants were not oonsidered worth pioking. The gooseberries 
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and black eurrants were not as heavily intested. Two soil 

samples, eaoh one foot square, taken from beneath the over­

hang of the red currant bushes after the maggots had left 

the fruit, showed an infestation of 60 and 53 puparia par 

square foot. The soil infestation par square foot was 

greater for the current season's infestation than for the 

fumigated infestation. Infestation of the planting from out­

sida sources was oonsidered negligible sinoe the olosest 

planting was over one-quarter of a mile distant (Severin 1917} .• 

It is evident from the results that despite high 

mortality of the dormant pupae a suffioient number of flies 

survived to heavily intest the fruit. 

Observations on the affect of ethylene dibromide 

on the currant bushes, weeds, and soil organisms were made. 

The tumigant, at the rates applied, had no apparent affect 

on the ourrant bushes, weeds, or grass. During the soil 

sitting operations after the currant fruit fly emergence had 

ceased, numerous dead adult soarabeids, strawberry root 

weevils (Brachyrhinus ovatus (L.)}, larval wireworms and eut­

worms were not~d in the soil, apparently killed by the 

fumigant. An infestation of the imported ourrantworm, 

Nematus ribesii (Scop.), ooourred in the plots of the 195la 

experiment; a number of the emerging adult sawtlies were 
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trapped by the cages. No dead pupae or adults were noted when 

the soil was sifted. 

The fumigant had the affect of either killing the 

earthworm population or causing it to leave the area, 

since the earthworms disappeared. They reappeared in the 

treated area about a month after the fumigation. 

Soil temperature and precipitation records were 

obtained for the 1950 and 195la experimenta. These are 

presented in Tables XXVI, XXVII, XXVIII, and XXIX. KcClellan 

et al (1949) state that temperatures as law as 61°F. are 

suttioient tor the volatilization of ethylene dibromide. 

The temperatures of Table XXVI range from 53° to ?8°1!. wi t.b. 

an average of 62.7°F. The average temperatures presented 

in Table XXVII are higher than those of Table XXVI. The 

temperatures presented are close to or above the temperature 

used by :McClellan et.!!, (1949} and would provide conditions 

suitahle for volatilization of the fumigant. This ia shawn 

by the mortality resulta of Tables Xliii and XXIV. 

The precipitation records for the months of April 

and May of 1950 and 1951, are presented in Tables XXVIII 

and XXIX, respeotively. The total precipitation tor the 

two months in 1950 is about double the normal rainfall, and 
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in 1951 about one-half the normal raintal~. The soil mois­

ture conditions at the time of fumigation varied aocordingly. 

The soil was very moist in 1950 and very dry in 1951. 

According to McClel~aa et al (1949) ethylene dibromide was 

more effective in damp soil than in dry. The erfeot of the 

moisture, or lack of it, on the effioacy or the fumigant is 

not apparent from the resulta presented in Tables XXIII and 

XXIV, although it is possible that the irregular results 

presented in Table XXIV may partially be caused by the 

drougbty conditions that existed. 



'lrable Dili 

Morta11ty of dormant~. canadensis pupae fumigated with 
ethylene dibromide at 2-gallons per acre in the field, 1950 

,. mortality based on 
Cage No. No. flies mro. dead pupae total no. pupae 

1 1 l. 50.0 

2 1 .5 83.4 

3 1 1 50.0 

4 1 2 66.6 

5 0 6 ~oo.o 

6 0 7 100.0 
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'r-abl.e XXIV 

Per eent mortality o:t' dormant ~. oanadensis pupae, 
oorreoted by .Abbottt·s :formula, • 

resulting :t'rom :field tumigation with ethylene dibromide, 
1951& 

Rate/acre 
Cul.tivated so~1 Uncultivated soi~ 
l" J" ,. 111 3• , .. 

2 gal .. À 76.8 100.0 60 .• 4 6'·z 60.0 33·4 
B 69·' 1.00.0 21.7 55 •. o.o 55·' 

3 gal. A 47.8 100.0 79.1 66.é 55.6 66.7 
B 79.1 55·3 70·3 85 •. 50.0 75·0 

4 gal. A 30·5 :too.o 13.0 55.6 54.6 55·6 
B 75.0 81..1 43.1 25.0 71.5 33.4 

Check A ) 4.2 0 
B ) 

• Abbott, w.s. 1925. A method o:t' oomputing the effective­
ness ot an insecticide. Jour. ~con. Rnt. 18:265-267. 



Tab~e "'JJ3 

Mortality of dormant E. oanadensis pupae fumigated in the 
field with ethylenë· dlbromlde at 2 gallons per acre, 

19.5lb 

Total No. Per cent Per cent 
ca~e no. emer~ence dead pupae emergence mortality 

1 12 14 47.1 .52.9 

2 9 36 20.0 80.0 

Check 1 9 0 100.0 o.o 
2 11 0 100.0 o.o 
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Talmle :x:x:vr 

Soil temperature, degrees Fahrenheit, 
recorded at 2-inch level at 3.30 P.M., 1950 

Date Temperature 

May 29 62 
J'" une 1. 64 

2 53 
6 78 

â 60 
59 

10 55 
12 6.c. 
14 70 

Average 62.7 



Dates 

May 16 

17 

19 

21 

22 

23 

77· 

Ta&l.e :x:x:vi I 

Soil tamparatura, degrees Fahrenheit, 
recorded at 3.30 P.M., 195la 

Cultivated Uncultivated 

1 in. 3 in. 6 in. 1 in. 3 in. 6 in. 

76 86 71 69 70 61 

83 84 69 76 75 67 

80 76 70 78 74 68 

76 82 72 7., 82 77 

86 84 74 84 83 74 

84 8} 80 82 84 76 

Average 8o.8 82.; 72.; 77·0 ?8.0 70•5 
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Table x:xnn: 

Precipitation records f'or April and May, 19.5Cl 

Mon th 

Apri1 
May 

Total 

Aotual raintall.. 

1 • .54 in • 
.5·77 in. 

Normal rainfall* 

1.28 in. 
1.94 in. 

3.,22 in. 

*Normal rainfall- averaged precipitatio~ f'rom 
time f'irst record kep·t for a particular period. 

Table XXIX 

Precipitation records for April and May, 19.51 

Mon th 

Apri~ 
May 

Total 

Actual rainf'all 

1.20 in. 
0.39 in. 

le.59 in. 

Nbrmal rainf'all 

1.23 in. 
1.92 in. 



VI. DISCUSSION OF FUMIGATION STUDIES 

The res~lts of the 9Xperiments on the larvaa, pre­

diapausing, diapausing, and dormant pupae show that control 

of these stages is imp:ractieal wi th the matarials used. Of 

the materials tested on the larvae, only BHC, 2.; lb. and 5 lb. 

gamma isomer par acre, was effective, produoing 45.4 par cent 

mortality at each rate. In the experimenta on the pradiapaus­

ing and diapausing pupee, ethylene dibromide at 2 gallons par 

acre failed to produce an average mortality of 50 p9r cent. 

The resulte of the axpariment whare the entire planting was 

fumigated for the control of the dormant pupaa show that, 

despite an average mortality of 70.4 par cent, anough flies 

survivad to infest 25 to ;o par cent of the fruit. 

In addition to the high mortality required to 

obtain control, the use of fumigants has another weakness. 

With fumigants the grower has no control over surviving 

flies, or gravid females migrating from outside sources, in 

contrast to the recommended DDT treatment (Andison et al --
1951) where the flies are exposed to control conditions for 

at least 2 weeks. In oomparison with DDT the fumigant applic­

ation is more exacting and time-consuming. The ethylene 

dibromide plus diluent is also more expansive than the DDT 

required for 2 applications. 
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VII. SUMMARY 

The diapause etudies, necessary for evaluation 

of the soil fumigation work, showed that at least 50 par 

cent of the pupae had reached a state of development enabl­

ing them to withstand a temperature of 34~. by Septamber 1. 

Further work showed that the requirements of diapause were 

met by a period of 5 months at a temperature of 34°r., and 

complete by February 1. 

The temperatures of 36° and 40GF. were shown to be 

more effective than 34°F. for overwintering currant fruit fly 

pupae in the laboratory. 

In the field, diapause was complete in 52 per cent 

of the pupae by January 1. 

The insecticides DDT, BHO, and ohlordane were tested 

in the laboratory against larvae entering the soil. The BHC 

caused a mortality of 45.4 par cent. The DDT and ohlordane 

had no apparent effect on the larvae. 

In the tests against the prediapausing and diapaus­

ing pupae, ethylene dibromide at the rate of 2 gallons par acre 

at a depth of 3 inohes eaused a mortality of less than 50 per 

cent. In,the diapause test, eultivation or the lack of it 

had no apparent affect on the efficacy of the fumigant. 

The fumigants ethylene dibromide and DD, and the 



81.. 

insecticides BHC and dieldrin, were tested in the laboratory 

against the dormant currant fruit fly pupae. The ethylene 

dibromide caused mortalities of 74.}, 79.1, and lOO per cent 

at the rates of 1, 2, and 4 gal1ons per acre. 

At the rates of 14.4 and 28.7 gal~ons per acre 

DD was only 49.6 and 7}.6 per cent effective. The affect of 

the fumigant apparently was only upon those pupae which 

broke dormancy and commenced to emerge. At the rate of 1, 

2, and 4 gallons par acre, DD was ineffective against curr­

ant fruit fly pupae. 

The BHC and dieldrin had no apparent affect on the 

pupae. 

Ethylene dibromide was tested in the field at rates 

of 2, 3, and 4 gallons per acre, at depths of 1, 3, and 6 

inches, against dormant pupae. The rate of 2 gallons par acre 

was apparently as effective as 3 or 4 gallons per acre. 

The various depths had no apparent affect on the effioacy 

of the fumigant. The test showed that cultivation prior to 

fumigation improved the efficacy of ethylene dibromide. 

The resulta of one test where the soil of the 

entire planting of currants and gooseberries was fumigated 

showed that despite an average mortality of 70.4 per cent 

enough flies survived to infest 25 to 50 per cent of the 

fruit. 
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The soil temperature and soil moisture conditions 

were noted in the field fumigation work. There was no 

apparent correlation between soil temperature or soil mois~ 

ture, and efficacy of the ethylene dibromide. 

The use of ethylene dibromide tor the control ot 

the currant fruit fly in the soil was consid~red impractical 

on the basis of results, oost, and precise application re­

quirements. 
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