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- INTRODUCTION 

·TJ:IERMAL MORTALITY STUDY ON THE·BOU.WORM, Heliothis zea (Boddie) 
. . .---., . . 

A number of studies have been conducted to -determine the therni.al 

deatll point of different species of insects. Dean (1913) determined 
' ' I ' • ' • ' 

that heat could be used for control· of mill insects that were inacces- . 
. . 

sible to gas .or• the vapor of any fumigating material. _He found that·· 

no inill insects could with~tand, for anylength of time, a temperature 

of L,.8.2 C to 50 O. He demonstrated in these tests that heat was the 

· most practical, convenient., efficient, and inexpensive method .or· con­

. t;i-olling m:iµ insects. 

" : ;, - Bacot · (J.9;1.4} determined the infiuence of temperatiJe_ 911 the 

survival of eggs. and larvae of C:imex lectularius (L.). _ In_ his tests., -· 
. ;. . . 

20 unted ·Q. lectularius kept at a temperature of 4~ C did·not ·survive · 

atter 15 hours exposure. 

Cressm~ (1933) conducted a test in the library of the Unit.ed 
. . 

States Circuit .Court of Appeals in the Post Office .Buildirig, New 
.. ) . 

Orleans,. Louisiana, using heat to · control the cigarette beetle, 

Lasioderma serricorne (Fab.). The cigarette. beetle· had infested th~ · 

·• leather< bindings of books in all parts of the library. ·• The temper&+.·,-• · 

. ture used in the test was 60-63 c., which was maintained for 6 hours. 

-An inspection ai' the premises a,t .3 and 37 day intervals revealed no 

. evidence. of .. the. insect in. any stage . of ,devel~pment ~-
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- Baker (1956) reported the eradication of DDT resistant C~ 
. . 

lectularius · (L. f from a 11 story· apartment hous~ ~n Alaska. Electric 

heaters :were used to ra:i,se the t¢mperature to i50-160 F for 6-:-8 ~ours. -- -
. . . ,' . 

No_ bugs W't:ire found alive aft.er the treatment. 

A goo~ bibliography of studies on heat mortality of household 
. . 

and stored-grain pests is given by Sterling (1964) ~ 

The majority of studies done on heat mortality of insects has 
. : . 

dealt_ w:i,th household pests or st6red;...grain pests. · One exception is 
. . . 

- ·Guthrie and Decker I s (1954) work on the chinch bug, Blissus 

leuc_opterus (Say). 
I 

. . . 

· -Recent interest in the possibilities of nonchemical or inte-
. . . . . 

grated ·control Of insects, -bro~ght abou,t b;Y" p~oblems arising from the -
i 

use of chemical pesticides, has resulted in increased research to --

-_ find noncheurl.cal .cont~ols ~f pests. Batcheider, and· Port~rfield (i965) 
•, . . . .. ,. . ·: . . .. ·. . . ·. ·.· .. . . 

used a self propelled thermal application 'unit_ to defoliate cotton in -
. : . . 

the field. .Kent (1966), using a_ laboratory model of the thermal -

application unit ( Figures .1 and 2), reported in greater detail the 

· opers,t:ion of the_ defoliating unit. 
. . . . . ' 

-While · observing their field operations it was noted that several 

species: of insects were killed by the heat emittect from tne thermal 

. defol:i,ating unit. Froin these observations it was thought . heat might 
. . . . . 

· • be a nonchemical means of controlling insects iri cotton. 

·- The purpose of this study was to determine in the laboratory -- --
. ' . . 

-- what range of temperatures and time eJq>osures :would.be fatal to.the 
. : . . ·. . ·. ·, ... _:· 

bollworm, Heliothis zea (Boddie)' . 
. - .· . 

. · . . . . . . . . . 

. This investigation was conducted during August., September:, and 

O~tober of 1969 and -M~ of 1970, -- --



MEl'HODS AND MATERIALS 

. Progeny of moths collected in iigpt traps at Stillwater, 
., . . . . . .· .. 

·._Okla.horn~., September., 1966 and re.ar.ed.in the laboratory for 17 genera-

tions, and moths collected. in the ":rit}ld at Stillwater, Oklahoma., .. 
. . . . 

July., 1969., were used in the tests~ .•. · Some of the F1> :larvae were used 

· in the test and the remaining were ·used. to maintain the colony and · 

produce other test larvae. Tests were conducted when the larvae 

reached the third instar. 

LARVAL REARING-

. ;he re~tng .procedures .• followed were similar to those described 

by Adams (1966). · Some modifications were made to his procedures to . 
. . : . 

. :f'acilitatethe·rai~ing of a: l~ger nUJnber of larvae; 
. . . . . ' . . 

Approximately 12 pairs of moths were placed in oviposition cages 

niade from 6ne-galilo;n ice cream cartoiis and lined with .paper towel.. 
. . . . 

. . 

· The cage tops were covered with nylon tulle to provide ventilation · 
. -... . ' . - : . . . ' 

and also an oviposition surface. A 1-dram vial was.· filled with an,. 8% 
. . . . 

. honey solution . and provided·. with . a cotton ball wick. .. This vial was 

inse:M;ed into the side of the carton, to pr_ovide food· for- the moths. 
. . . . 

Eggs were deposited on the tulle, cotton·. plugs:, and. toweling on 

the sides of the· cartons~ Wheri. t:he eggs reached the dark ring stage 
. : . . . . . . . 

the.tulle., -t~eling; and cotton plugs were placed in a one-half-gallon 
. . ., ... . : . ·. . 

ice cr~am carton and c~ve:red with s~an. wrap~ The ·s~an wrap. helped • 

to maintain the humidity in tlle carton while still being able to view 



the eggs and larvae. The saran wrap also effectively retained the 

larvae within the carton until they could be placed on diet. 

After the larvae hatched they were transferred singly to 1-oz 

transparent plastic jelly cups containing approximately l-oz of arti-

. ficial diet developed by Adkisson et &· (1960) and modified by 

Berge~ (196JJ. The larvae were transferred from the hatching cartons 

to the cups containing diet by means of a soft, fine tipped, camel 

hair bru13h. 

A pressurized dispensing device_described by Adams (1966) was 

used to dispense the diet into the 1 .. oz cups. The device consisted 

of an 8-qt pressure cooker fitted with a pressure gauge at the air. 

outlet. A kitchen sink hose with spray assembly was fitted to the 

lid. A metal funnel was altered by removing the spout and welding a 

flat base to the bottom. · This was placed base down in the cooker. 

Freshly mixed diet in the liquid st'ate was poured into the funnel. 

The area around the funnel. was filled with hot water to prevent 

solidification of the diet prior to dispensing. An extension of the 

kitchen sink hose to near the bottom of the funnel allowed all of the 

diet to be dispensed. 

The cups to be filled were placed on wooden trays (16" X 2411 ). 

4 

The cups of diet were stored ori these trays in the refrigerator. Upon 

removal from the refrigerator the cups of diet were allowed to set at 

room temperature for approximately 30 minutes before the first instar 

larvae were placed on them. 



TESTING PROCEDURES 

· The laboratory thermal application unit used by Kent ( 1966) was 

used to prodµce the desired temperatures. This unit duplicates heat 

conditions \oi\ the field thermal defoliator described earlier. The 

oven contained a heating area and a treatment area (Figure 1). Air 

was forced into the heating chambertnrough a duct, 12 inches square 

in cross .section, by means of a 12-inch diameter centrifugal fan.· 
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The air, in passing through the heating chamber, was heated by four 

Gotcher burners connect.ed to an L P gas supply. After the air was 

heated it continued through a duct and into a plenum over the treat­

ment area. The treatment area was open on both ends · and the bottom. 

Air in the treatment area was heated by conduction from the oven walls 

and also by the flow of heated air through 2~inch wide openings at 
. . 

the base of walls (Figure 2) ~ A four-bar link arrangement was. used 

to rqise the treatment cage, containing the larvae, into the oven. 

Treatment cages were constructed so as to minimize the restric­

tion of the air movement over the larvae. The side of a !-pint 

cylindrical carton was cut away except for three. narrow strips which 

connected the top and bottom of the carton. The openings were 

covered with nylon tulle. Two cages were used alternately durin~ 
. .. 

treatments to minimize the effect of placing the larvae on a pre-

heated surface. 

Twenty~five different heat treatments were utilized by making 

all possible combinations of five different temperatures with five 

different exposure times. Each tim~ and temperature combination 

was written on a separate 3 X 5 card and these cards were drawn at 

random to determine the treatment sequence. Each combination was 



replicated four times, but on different days. Each replication con-, 

sisted of 25 larvae. An average mortality was determined for each 

treatment. 

A thermometer inserted through the oven wall was used to deter-

mine the internal temperature of the oven. Oven temperature was 

· adjusted manually by increasing or decreasing the supply of L P gas 

to the burners. 

Larvae were removed .from individual cups with soft-touch forceps 

and placed in groups of five in a tulle cage. The tulle cage was 
- . 

placed on the four..;.bar link arm and raised into the oven. Exposure 

time was measured by a stop watch; starting when the cage re.ached 

maximum height in the oven and terminating when the cage began its 

downward movement at the end of des;i.red exposure time. The larvae 

were then removed from the tulle cage and returned to individual con­

tainers. Mortality was determined after 48 hours. Larvae were con..,. 

s:Ldered dead if. tactile stimulation produced no observable response. 
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:RESULTS AND. DISCUSSION.· 
. . .. . . . 

. . . . .· ·. . ' ;' . ·. -

Table I lists the l~ae>mortality per replic~te at each temper­

. ature-ti.Jne eJCposure cOJJJ.binat:i.on. ··. Averag~ mort,ail.it~ increased witlrl.n 

each temperature gradient th,rough the 20-second,fi! 8J.P0Sl.lre .Period 

treatment; indicating the :importance of exposure t:une within the tem-

perature range used in this test. In ~1. t~erature gradients., 88% 
~ - . 

Or more Of the larvae were killed wI:ien the eJq:>Osure time 'Was 20 

. seconds. 

'The aver~e larvEi]. ioorlality .per replicate .at ·.each temperature-' 

. t:ilri.e .. expqsure. combination is presented in Table II. · The,· averages 

from Table II were' plotted on isOJilet:ric grap~ paper resttl.t.ing in a .• 
three dimensional surface of lar.\!'al.mort~ty (Figure 3). The three 

dimensional surface clearly depicts at· what temperatures and time 

expoSurE:ls the major increases in mortality occur. 

The standard deviations between replicates within. each tempera ... 
-~ ., 

ture-t:ime eJCposure combination is presented in Table III. The, 
. ' . '· . 

average standard deviation for all 25 combin~tions was 0 •. 91. . 

The data obtained in this study indic~tes that the optimum 

laboratory mortality rate (80%) may be reached. from two directions. 

· First by operating ~t •. 135 or 145. G with an eJq>osure time of .approxi.­

mately: 12 seconds., or secondly., by operating at lQ' · or 115 C for 

ipp:roximately:19 seconds. The desired mortality rate may also be 

\ ' l'ealized by operating between t,hese extremes.,. utilizing 125 C with an 

~osure t;i,me of 15 seconds. 
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. The ~pplication of heat to young cotton for the specif;i.c ;pi.wpos~ 

of killing larvae of the Heliothis C!OIDP1ex is not pratical. • Tpe tem-
' 

pe:ratures ·• and time eJCposures required to .kill the larvae would either, 

kill or s~erly retard the growth of the young cotton (Kent., 1966). 

· Kent (1966) stated that the ~ptimum operating~ temperkture for the 
. ,·. . .·,. . 

field unit was 245 C., with an eJq>Osure t:µne of' 2 seconds. Exposure 
. ' . . .... '. . . ... : .· ·,. . 

for ~ seconds at 245 C kills larvae .in the field. .· The application of' . 
. . .. ·. . 

. this tempe:rature occurs . at ,the end of the cotton growing a,eason; · · · 

therefore., no determination Of' benefit Can be derived fo~ the ClllTent 
. . . . 

growing season. . . Indications . are that there may: be a carry over. to·. the 

succeeding .growing .se,son. reslllting. in a reduct;ion in larvae popula-. 

tion the season following thermal application. . 

Caged boll weevils., Anthonomusgz;andis·(Boheman)., wh:i,.chwere 
• . ·. . •. 4!i .··_: .{ : \ • 

. placed in the line of operation: of the: "thermal field ti.nit., ~ere all . 
killed. When tl'le cotton is defoliated th~ plant. usueily dies due to 

. the loss o:f g.ts foliage. This premature killing of the cotton pl~s 

elimin~tes the 1I1.ajor feeding and. r.eproduction sites or· the boll weff- -• . ,. ' . ' . ' . .. . 
. . 

vil. · The destruction of' the weevil' s food supply may reduce the 
', ' J ' . 

~er of weevils which req1.ch maturity; thereby~ lowering the total 

number of' weevils which can over..;.winter. 
. ' . 

Futher ~tudies should be conducted on the long range effects of' 

the ther.inal defoiiating unit on :insect populations. For. the results 

of these studies. to be significant the cotton to be defoli,ted wi,th 

the thermal. unit should be an isolated plot or be a large cotton 

acreage SO' that migration•· would not be ·a significant factor. At 
; .·, . . ~ . . 

present. neithe~ bf these conditions have beent.ested .. ·' 
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TABLE I 

LARVAE MORTALITY PER REPLICATE AT EACH TEMPERATURE-TIME 
EXPOSURE COMBINATION 

· Exposure Time Temperature Deg. 0 

<~ 105 115 125 135 145 

5 Sec. Rep. 1 0 0 1 3 1 
Rep. 2 o. <l 2 0 1 

. Rep. 3 1 0 1 0 l 
Rep. 4 . 0 1 2 1 1 

10 Sec. Rep. 1 0 1 2 19 17 
Rep. 2 0 1 1 11 16 
Rep. 3 0 1 1 18 14 
Rep. 4, 1 1 2 16 15 

15 Sec.· Rep. 1 3 19 19 25 24 
Rep. 2 4 17 19 24 25 
Rep. 3 10 16 20 25 25 
Rep. 4 5 16 20 24 25 

20 Sec. Rep. 1 22 23 24 23 25 
Rep. 2 22 19 · 24 25 25 
Rep. 3 · 21 18 25 25 24 
Rep. 4 23 20 25 24 25 

25 Sec. Rep. 1 24 25 25 25 25 
Rep. 2 2f 25 24 24 24 
Rep. 3 21 25 24 25 25 
Rep. 4 23 25 24 25 25 

11 



Exposure 
Tj.me 

(Sec.~ 

5 
10 
15 
20 
25 

Exposure 
Time 

(Sec. l 
5 

10 
15 
20 
25 

TABLE II 

AVERAGE LAIWAL ijORTALITY PER _REPLICATE OF EACH HEAT 
TREAT.MENT-Tllm EXPOSURE COMB~ATION 

Temperature Deg. C 

105 115 125 ill - -
0.25 0.50 1.50 1.00 
0.25 1.00 1.50 16.00 
5.50 17.00 19.50 24.50 

22.00 20.()() 24.50 24.25 
22.25 25.00 24.25 24.75 

TABLE III 

STANDARD DEVIATION BETWEEN REPLICATES WITHIN EACH 
TFMPEaATURE-TlME EXPOSURE COMBINATION 

Temperature Deg. C 

105 115 125 m -
0.58 0.41 0.58 0.82 
0.58 0.00 0.58 3.55 
J.io 1.22 0.58 0.58 
0.82 2.16 0.58 0.92 
1.60 0.00 0.87 0.50 

lt,.5, 

1.00 
15.50 
24.75 
24.75 
24.75 

111:2. 
0.00 
1.12 
0.50 
0.50 
0~50 
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Schematic Di,agr_ain of'· \he Laboratory :Appa,I'atus -

i,;..:..­
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··crosS section or 
Laboratory 'Apparatus 
Showing the AirFlow 
Pattern 
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Figure J. 

TEMPERATURE, °C 

115 125 135 

' ' 
' . 

Three Dimensional Surface Derived From Table2 Depicting 
Larval Mortality in: Relation to Temperature and Time 

· · Exposure 
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