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Factors Inducing Diapause 
in the Pink Bollworm 

By M. J. ~l!KEF.~'HB,L. w. NOBLE, and D. F.lIARTI~, 


EJrloJlloloflJl Re,careh Divi4iO/~, Agricultllral lle,carch Service I 


TIle pink UOllWOl'lll (Pectinophom gossypiella (Sa\mders» is 
found in all the major cotton-producing countries of the world except 
Russia, Peru, Union of South Africn, and Nicaragua. It can inhaliit 
such a wide geogmphiClLI rlln~e undoubtedly because it enters diapause 
before the sensonnl onset or unfavorable environmental conditions. 
This diapausc occurs in the fourth instar. Boll age and cool autumn 
temperature Ilre associated with the induction of dllLpause, as reported 
by many authors in different regions. 

Squiro (~,.94)2 concluded, from work conducted in the Lesser Antil
les that diapause of the pink bollworm wns initiated by a nutritional 
jactor, because 1\ hig-her percentnge of larvne in diapause were found 
in older bolls than III young, immature ones. Chapmllll Imd Hughs 
(6), at Presidio, Tex., found that the proportion of larme in dia
plmse wus four times greater in 40-day-old bolls thlln in 20-day-old 
bolls, when both boll groups were infested 011 the same date. Yander
zant and Reiser (:B8) reported that diapnuse was not Itffect!?d by 
cllllnges in the vrotein, carbohydrate, and fat contents of Illurified 
casein larva! diet. However1 Bull !md Adkisson (4) state that G. 
diet containing 5 percent of 011 induced more larvae to enter diapause 
than one contllinin fF 1 percent of oil. 

Storey (~5) an<fBislutrn, (~) reported that cool weather in autumn 
was animportnnt fnctor in the induction of diapause. Chllpman 
and Hughs (6) found a higher percentage of larvlle in diapause ill 
bolls collected during late September than in bolls of the same age 
collected. in August. They Itttributed this dili'erence to the lower 
temperatures in .September nt ;presidio.. Bedford (J) in. the Sudlln, 
NadkerllY (17) 111 central Indul, and Blshara (2) m Egypt, all re
ported that the initilttioll of dillpause WItS associated with crop ma
turity. This associat.ion might well include effects of both boll 
maturity and seusol1ll11y lower temperature. It is clear, however, 
I;hat cool temperature IS not required to initiate diapause, because 

Portion ot a dissertation prt.'Sented by the senior author as a partial tuUllI
ment ot the requirements for the degree of doctor of r:hllosophy in entomology 
at Texas A. &: 1\1. University. 

Acknowledgment Is made to Normlln E. Flitters, or this Dh'lsioll. for his 
assistance in the bioclimotlc experiments lind to Richard J. Daum, formerly 
BiollletriClIl Sen'ICe!!, Agricultural Rescarch Sen'ice, who asslste<l In the 
statistical analyses WJed In this study. 
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diapause larvae have been collected before autwnn; also they were 
reported in Puerto Rico (Fife 9), West Indies (Squire ~), and 
Hawnii (Busck 5), where the average temperature in the coldest 
month of the yenr did not fall below 70° F. durinO' a 40-year period. 

It is obvious that factors other then boll Il~e Iludtemperature must 
be involved in initiating dillpause in the pll1k bollworm, when one 
considers the diapause habits of the insect throughout its distribu
tion. In the equatorial region of Africa. between the north v,nd 
south 10° latitudes, dit\pause larvae were not found in a concerted 
search made by Bredo (3)jGeering (11e), I~irkp~trick (14-), ~fais~our 
(15), Smee (931), and Tay or (1B7). In tIllS regiOn the plantmg date 
is ,timed to permit the crop to mlltur~ during U1e dry seaso,n, but 
neither the dry season nor the maturatlon of the crop IS sulliClent to 
induce pink bollwol'll1 dinpause. 

·When latitudes of the different pink bollworm-infested regions of 
th.e world are considered JUI'elation to the time of induction of larval 
diupause in the respective areas, some correlations can be noted that 
suggest a respoIHic to photoperiod, or day length. The reports show 
that in areaS with similar latitudes there 1S very little difference in the 
time larvae begin entering diapause. In latitudes from 26° to 32° N. 
(Brownsville, Tex., 26°; TorreOn, Coahuila, Me:rico, 26°; Presidio, 
Tex" 29°; Egypt, 30°; Punjab, 30°; ·Waco, Tex., 32°) diapause is ini
tiated shortly after the summer solstice, when the days begin to 
shorten, and'the proportion of the population in diapause increases 
as the season advances. ·Wolcott and Sein (30), Squire U~3), and 
Geering (111&) showed that in tropical latitudes between 10° and 22° 
N., diapause was initiated about September, and the proportion of 
Inrvne III diapause increased until December, As previously stated~ 
diaVlluse has not been reported at the Equator, wher(' day length re
mams consbmt throughout the year. , 

The work reportf'd herein was conducted at Brownsvlll!"!, Tex'r 
to study the effectg of difl'erent factors on pink bollworm diapanser 
especially the effect of photoperiod, which was studied under con
trolled lIght, temperature, and humidity. The effect of photoperiod 
on this insect had 110t been fully studied previollsly. 

METHODS 
Studies with controlled photoperiods were conducted in bioclimatic 

cabinets especially designed for temperature and humidity control, 
as described by Flitters et uJ, (11). Light in these cabinets was pro
vided by the lighting arrangement reported by Sowell and Rouse (11&12), 
but 64-111Ch lamps were used because the cabinets were smnll. Photo
periods were regulated by time switches. This installation provided 
approximately 2,500 foot-candles of light at the tops of cotton pIa.nts 
placed in the cabinets. 

Plants used in the experiments were grown in 5-gallon heavy-gage 
metal cans and held in the greenhouse until bolls were suitable for use 
in the experiments, Th(' date of anthesis was recorded on a small 
tag affixed to the flower stem for determination of boll age at the time 
of initial infestation. The plants were infested after placement in 
the cabinets under controlled photoperiods and held for :30 dnys for 
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development of a pink bollworm generation. After completion of the 
experiments1 the plants were removed, pruned back to about 8 inches 
from the soIl surface, and held in the greenhouse for regrowth and 
production of bolls for use in later experiments. 

Eggs used to infest bolls were de})osited by moths from diapause 
larvlle, which had been held in storage in Infested seed cotton at 
5~°-55° F. The moths oviposited on sm.aU cot.ton leafle~ i~ oviposi· 

. tion chambers. These leaflets were cut mto pIeces contammg SIX to 
eight eggs each. Each piece was placed on one end of a narrow strif. 
of masking tape and the other end of the tape affixed to a cotton bol . 

Ten days after the bolls were infested a small plastic-screen bag 
containing small pieces of soft pll£8r was placed over each boll and 
securely tied around the petiole. lha bags served to retain the larvae 
that cut out of the bolls for pupation. The larvae pupated in the pieces 
of paper. The bolls and bugs were examined for lan;ae and pupae 
after a 30-day developmental period. I,arvae were placed 1n petri 
dishes with soft paper for webbing and observed for an additional 5 
days, or n. total of 35 days from hatching. J...arvae tlmt had not pu
pated by the end of this 35-day period were assumed to be in diapause, 
since the developmental period for short-cycle lnrvae is 15-18 days 
under such conditions. . 

A weighted least square analysis of variance was maCle of the data 
obtained under contI·ol1ed photopedods to determine statistically 
sig-nificant differences in effect among different l)hotoperiods, age d 
boll when infested, and the interaction bctwel'n photoperiod and boll 
age. The number of larvae that entere.d diu.pause was expressed as 
a percentage of the total number observed. Percentages were t.hen. 
transformed to the arc sine vpercentage to equalize the v.ariance. The 
means were tested for significance by using the Duncan multiple range 
test. 

To det.ermine the seasonal occurrence of diapause -larvae in the 
field, samples of filT.1, green bolls were collected and examined at np
proximately weekly intervals beginning on July 5. Since a cultural
control program, enforced in the lower Rio Grande Valley, requires 
that stalks be destroyed. by August 31, it was necessary to take the 
September and October samples from plants in screen cages, which 
measured 6 by 6 by 36 feet. All fourth-instal' larvae in the boll 
samples were removed and placed in petri dishes; those not pupllting 
within 10 days were assumed to be in diapause. 

CONTROLLED PHOTOPERIODS 
Under controlled photoperiods the experiments were designed to 

determine the effects of different constant day lengths on the induc
tion of pink bolhvorm diapause. Subsequent experiments compared 
effects of increasing and decreasing photoperiods. As the work pro
gressed, the results obtained led to an investigation of parental effect 
on diapause of the F1 progeny. The effects of reduced temperature 
and boll age on larval diapause under different photoperiods were 
also evaluated. 
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Constant Photoperioos 
Constant 16- and 10-hour photoperiods were selected for the initial 

experiments because they represented the day-length. extremes oc
curring in the U.S. Cotton Belt. Effeets of these (:wo photoperiods 
were co;.npared in one experiment under a constant· temperature of 
80°F. and 70-percent relative humidity and in another experiment 
under a mean temperature of 81.5 0 and 64-percent relative humidity, 
the latter simulatjng the diurnal fluctuating temperatures and humidi
ties recorded at College Station, Tex., during the first 28 days of 
June 1956. . 

Larvae developing in these two experiments showed a higher pro
portion entering diapause in 10-hour day lengths than in.16-hour day 
lengths, with no difference between the two temperature-humidity 
conditions, as shown in table 1. Although approxlIDately 60 percent 
of the larvae entered diapause under tlle 16-hour light regime, \l. 
definite res~onse. to photoperiod was indicated by the much higher 
percentage In diapause in the short day-length treatment. The data 
mdicated that the induction of diapause was a.ffeeted by boll maturity, 
but to a less extent than by photoperiod, since the differences in per
centnge of larvae in diapause among the bon age groups were not so 
great as those between long and short photoperlods, 

TABLE 1.-Effeot of constant long anilshort photope't'iods on iniluction 
of pink bollwm'1n diapause 1 

EXPERIMENT 1 

I 16-hour day 100hour der.y 

Agc of bolls when infested I 

(days) Larvae Larvac Larvae Larvae 
observcd entcring observed entering 

diapausc diapau3e 

Number Percent Number Percent1-10_________________________ 
20 55.0 37 81. 1 11-20________________________ 

140 50.7 122 91.021-30________________________ 
162 68. 5 224 99. 1 31-40________________________ 

25 60. 0 74 10041-50________________________ 
0 0 6 100 

Total or avcrage___________ 59. 9 463 95. 7347 

EXPERIMENT 2 

1-10________________________ _ 
88 51. 1 25 72. 011-20_______________________ _ 

222 64.4 38 92. 1 21-30_______________________ _ 
158 61.8 243 86.4

31-40. ___________________ ..__ 14 57.1 352 100 

Total or average__________ _ 482 60.6 658 93.5 

lIn experiment 1, constant 80°F. and 70-percent relative humidity; .!n experi
ment 2, fluctuating tcmpcrature with mean of 81.50 and 64-perceut relative 
humidity. 
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The proportion of larvae.entering diapause under constant 16:..hour 
days, as shown in table 1, remained unehanged in other experiments in 
which the intensity and spectral properties of lig.ht were varied and 
the temperature increased, Results of experiments under cQnstant 
photoperiods of 10~ 12, 14, and 16 hours show that the 14-hour photo
period resulted in a very high proportion of nondiapause larvae, 
whereas those photoperiods shorter or longer than 14 hours increased 
the percentage entermg diapause (table 5). The photoperiods, listed 
in the order of ascending proportions of diapause larvae in euch, were 
14, 16, 12, and 10 hours. The differences in proportion of diapause 
larvae among' the various photoperiods were significant except between 
10- and 12-hour days. 

Increasing and Decreasing Photoperiods 
During the early studies with a single bioclimatic cabinet, similar 

photoperiod treatments were repeated under the same temperature in 
a period extending OV::lr both summer and wintel". It was assumed 
that a controlled photoperiod should have the same effect on the in
duction of diapatlse during summer and winter. Actually, it was 
observed that a higher percentage of the larvae entered diapanse in 
summer than in wluter. JJl checking possible fRctors aJfecting this 
phenomenon, it was noted that the plants ha.d lmdergone a change in 
photoperiod when. they were :removed from the greenhouse and placed 
m the bioclimatic cabmet. During summer, when a high percentage 
of the larvae entered diapause, the plants had been moved from \1, long 
photoperiod to a shorter photoperiod. In winter, when the plants 
were moved from a short to longer photoperiod, the percentage of the 
larvae entering diapause was reduced. Based on these observations 
the effect of changing photoperiods on pink bollworm diapause was 
investigated. 

Examination of published data that indicated a change in diapause 
response of pink bollworm larval) after midsummer suggested that 
the seasonal mcidence of diapause in nature might be primarily gov
erned by an increase or decrease in day length rather than by actual 
duration of the photoperiod. Experiments based on this hYJ?othesis 
were conducted to determine the effects of different ranges of mcreas
ing and decreasing photoperiods. which were simulated simultaneously 
in two cabinets. The College Station mean temperature of 81.5 0 F. 
and 64-percent relative humidity were maintained in all experiments. 

The initial experiment compared effects of photoperiods mcreasing 
from 13.5 to 16 hours at the rate of 15 minutes every 3 days, or an 
average of 5 minutes per day, with those of photoperiods decreasing 
from 13.5 to 11 hours at the same rate. Another experiment included 
photoperiods increasing from 12.5 to 16 hours and decreasing from 
16 to 12.5 hours with both light regimes changing at the rate of 10 
minutes per day. 

Results of these experiment!", as shown in table 2, indicated that the 
decreasing photoperiods were effective in inducing diapause, whereas 
larvae developing during increasing photoperiods showed a relatively 
low percentage in diapause. The range over which increasing photo
periods promoted the development of nondiapause larvae is shown in 
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table 3. Increasin~ day lengths within 12 to 16 hours was effective in 
reducing the number of larvae going into diapause, whereas those 
above and below these ranges were conducive to diapause (t!'.ble 3). 

TABLE 2.-Effect of changing photoperiods on induction of pink 
bollAoorm diapau~e 

Increasing photoperiod Decreasing 
from 13.5 to 16 hours 1 photoperiod from 13.5 

to 11 hours 1 

Age of bolls when infested (days) 

Larvae Larvae Larvae Larvae 
observed entering observed entering 

diapause diapause 

-
Number Percent Number Percent 

1-10_~ _______________________ 
0 0 5 10011-20________________________ 

174 19.5 327 88.121-30________________________ 272 38. 5 128 95.3 

Total or average___________ 31. 2 460 90.2446 I 
Increasing Decreasing 

photoperiod from 12.5 photoperiod from 16 
to 16 hours 2 to 12.5 hours 2 

1-10_________________________ 
23 30.4 25 72.0I11-20________________________ 

401 20.7 38 92.121-30______ ,_________________ 172 22. 7 243 85.431-40________________________ 
0 0 104 100 

I 

Total or average_____ .______ 596 I 21. 6 410 89.5 

1 5 minutes per day. 

2 10 minutes per day. 


TABLE 3.-Effect of 'Various ranges of i7w1'ea~ing photoperiods on 
induction of pink boll1001'm diapau~e 

i 
Photoperiod during larval I Average 

development (hours) daily ! Larvae Larvae 
rate of f observed entering 

I 
Iincrease diapause 

Beginning End 

I llfinuies Number Percent 
9 11 5 472 96.2 

10 12 ! 5 :34\) 90. 0 
10 16 15 ;)49 90. 0 
12 14 5 242 :33. 5 
12.5 16 10 596 21. 6 
14 16 5 166 22.3 
16 18 5 420 93. 6 
16 20 15 171 90.0 

-
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Data from other eXlleriments show that the htr\'al response to 
photoperiods increasing from 13 to 16 hours, when the parents 
emerged and oviposited in a shorter photoperiod, was not si~niticantly 
different from the larval response to a constant 14-hour Photoperiod 
(see table 5). The response resulting ill diapause was si~ificantly 
higher in decreasing photoperiods from 16 to 13 hours than ill increas
ing photoperiods from 13 to 16 hours, but was significantly lower than 
in extremely long photoperiods increasing £1'om16 to 20 hours. 

Parental Effect on Diapause of Progeny 
A review of dllbL obtained in the early experiments indicated a 

possibility that the, parents exerted some effect on their progeny 
as a result of photoperiod to which tlle parents were exposed. To 
investigate such possible parental effect, pink bollworms were sub
jected during pupation, emergence, and oviposition to different photo
periods and their F 1 progeny were subjected in turn to other photo
periods in several experiments, as shown in table 4. 

TABLE 4.-Pa1'ental effect on induction of diapause'in Fl p1'ogeny'when 
parent pink bollwo1"1n810ere subjected during pupation, emerge'1wl3, 
and oviposition to different p1wtolJel'iods and F\ IJl'ogeny 'Were 
subjected in tum to otMr pMtopenoas 

PROGENY EXPOSED TO INCREASING PHOTOPERIQDS 

Photoperiod in which-
Progeny I'rogcll y in 

Expel'imellt No. observed diapause
Parents Progeny 
exposed exposed 

I [ours Flours Number Percent 
1 ____________________ { 10 13-16 452 8.4 

15 13-16 310 15.2 
10 13-16 303 6. 3 

? f 12 13-16 234- 6. 0---------------------1 
15 13-16 506 19. 2 

PROGENY EXPOSED 'ro DECREASING PHOTOPERIODS 

10 16-1:3 137 n. 73--------------------1{ 15 16-13 200 71. 0 

FROGENY EXPOSED TO CONSTAN'r PHOTOPERIODS 

4 ____ , ________________ { 10 10 68 8l. 0 
12 10 40 90. 0 

5 ____________________ { 10 12 161 75.2 
12 12 138 87.2 

6____________________ { 10 14 128 5.5 
12 14 313 8.0 

7 ____________________ { 10 16 160 50.0 
12 16 147 4l. 5 

711-111--6~2 
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In experiment 1 of this series, cotton bolls infested with diapause 
larvae were soaked with water to stimulate pupation. They were 
then divided and the respective halves held lmder constant 10- and 
15-hour photoperiods during pupation, adult emergence, and ovi
position. The F 1 larvae from both parent groups developed in photo
periods increasing from 13 to 16 hours. The same procedure for c..'(
posing parents WIth the progeny developing in different photoperiods 
was used in subsequent experIments. 

As shown in table 4, the percentage of larvae entering diapause 
in experiment 1 was lower when parents were exposed to the shorter 
photoperiod. Similarly in experiment 2, parent exposure to 10- und 
12-hour photoperiods resulted in a significantly lower percentage of 
diapause larvae than did parent exposure to a 15-hour photoperiod 
when all Fl larvae developed in photoperiods increasing from 13 to 
16 hours. These two experiments illustrate the pattern found in 
nature during early summer, since mot.hs that emerge before the 
summer solstice (increasing day lengths) are exposed to shorter pllOto
periods than those in which their progeny develop. 

In experiment 3, any parental effect was obscured by the results 
of the decreasing photoperiods in which the progeny developed. The 
percentage of larvae entering diapause was more than 70 percent :ITom 
parent exposure to both 10- and 15-hour photoperiods, with the 
progeny developing in photoperiods decreasing from 16 to 13 hours, 

Parental effect was consistently indicated to a slight extent in ex
periments 4, 5, and 6 (table 4), when the progeny were exposed to 
constant temperatures. The percentage of F 1 larvae in diapallse 
was lower for parent exposure to 10-hour photoperiods than for 
parent exposure to 12-h6ur photoperiods, when the progeny developed 
in constant 10-, and 12-, and 14-hour photoperiods. 

Data showing parental effect together with data from other experi
ments conducted at 81.50 F. with constant, increasing, and decreasing 
photoperiods are summarized in table 5. 

TABLE 5.-Summary of data on effect of several photoperiods on in
duction of pink bollworm diapause at mean temperatu1'e of81.50 F. 

Photoperiod (hours) Larvae Mean larvae 
observed in. diapause 1 

Number Percent14___________________________________________ _ 
571 5.6 a 

13 to 16 ~_______________ ----------------------- 801 7.5 a13 to 16__ ___________________________________ _~ 

16___________________________________________ _ 1,840 23.6 b 
1,256 64.5 c16 to 13 _____________________________________ .__ 1,030 65.4 c12_____________________________________ _____ _~ 

299 87.3 d16 to 20 ______________________________________ _ 
983 91. 7 d 
864 95.7 d 

10___________________________________________ _ 

I ~rcans followed by different letter are significantly different at I-percent level. 
2 Photoperiod in which parents emerged and oviposited was shorter than 13

hour photoperiod at beginning of development of their progeny. 
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Temperature Studies 
After. finding that certain photoperiods .averted diapause Wlder 

optimum temperature for larval development, a series of experiments 
was conducted to investigate the interaction between photoperiods 
and reduced temJ?eratures. In the first two e~iments larvae were 
reared in two cabmets with increasing photopenods of 13 to 16 hours, 
which were lmown to be favorable for pupation. Eggs used to infest 
the plants were obtained from moths iliat emerged and oviposited 
in a 12-hour photoperiod. The test temperature maintained in one 
cabin~t fluctuated daily from 550 to 850 F. with a mean of 100 

, and 
the Colleee Station temperature of mea.n81.5° maintained in the 
other cabmet was the standard. The test temperature was selected 
to allow the completion of larval development within a. 28-day test 
period. After this 28-day period, the infested plants were held at 
a constant temperature of 800 for an additional 12 days to permit J?u
pation of the nondiapause larvae. At the end of this latter perlOd 
the larvae remaining were considered to be in diapause. 

Data from two replicates of the temperature treatments, which 
gave very similar results, are shown in table 6. The percentage of 
larvae entering diapause under the reduced temperature averaged 
approximately 65 percent as compared with 7 percent for the standard, 
thus indicating iliat cool temperatures may be of consequence in in
ducing diapause under a photoperiod otherwise conducive to pupation. 

TABLE 6.-Effect of red'llced temperature 'with inereasing plwtoperiods 
of 13 to 16 hours on induction of pink bollworm diapause 

Reduced tempcra- Standard tem~ern-
lure (70 0 F.) ture (31.5 0 ~.) 

Age of bolls when infested 
(days) 

.Larvae I,arvae Larvae Larvae 
observed entering obscrvcd entering 

diapatlsc diapause 

N1lmber Percent Number Percent1-10 _________________________ 
120 54.2 65 1.511-20 ______________________ - 233 69.5 141 9.2 
84 69.1 118 6. 8

21-30 ________________________ 

Total or average ___________ 43i 65.2 324 6.8 
i 

.A similar experiment with reducecl temperature compared larval 
diapause under day lengths increasing from 13 to 16 hours with that 
under day lengths decreasing from 16 to 13 hours. Larvae develop
ing durin~ increasing day lengths showed 57.9 percent in diapause, 
where..'l.s those developing during decreasing day lengths showed an 
increase to 88.6 percent in diapause, as given in table 7. Thus, a 
response to decreasing photoperiods was still evident under the re
duced temperature; however, the difference in diapause between 
increasing and decreasing photo periods was not so great as in other 
experiments (tables 2 Imd 4) with a higher temperature. 
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TABLE 7,-Effect of inol'easin[l and decreas-ing photol!eliods with l'e
duced mean tempemtu1'e 01 70° F. on i'Il(Z,lwtion 01 pink bollw01'm 
diapause 

Increasing photo- Decreasing photo
period from 13 to period from 16 to 

16 hours 13 hours 
Age of bolls when .infested -(days) 

Larvac Lan'nc Larvnc Lnrvae 
observed entering observed entering 

diapausc diapause 

-
Number Percent Number Percent1-10 ___________________ ••• __ .1 

36 52. 8 26 76.9
11-20____" __ •.. ___ • ___ "." __ --J
21-30 __________________ • _____ ! 201 53, 7 146 88. 4 

72 72.2 100 92.0 

Total or ayerage ___________ 1 57.!) 272 88.630!) I 
..\nother experiment was conducted to determine the stage of larvllI 

development at wllich the response to cool temperature takes place to 
induce diapause. Tlle experiment was carried out in H-hour photo
periods. Larvae were exposed to the cool-temperature regime during 
different stages of their development from the first week through 20 
dllYS after hatching. During the remaining development, they were 
exposed to the College Station temperature of 81.5° F. Results shown 
in table 8 indicate that the primary response to the cool temperature 
occurred during the first and second instars.1. with the first-instnl' ex
posure resulting in the highest percentage in c1iapause. 

TABLE 8.-Diapalt8e 1'e8pon8e of diffel'ent lal'val8tage8 to reduced mean 
temperatwre of '10° F. 'wILen pin!.; boll'worm larvae 'luere held in 11,.
hour photoperiod contin1uYU8ly and nwan temperat1we of 81.5° 
before and (tfter 1'educed iemperaiwrc 

Duration of reduccd Approximatc larval stages Larvae Larvae 
tcmperature (day) exposed observed entering 

diapau8e 

Number Percent1-7___________________ 1st instar___________________ 299 66.67-14__________________ 2d and 3d instnr_____________10-16_________________ 342 40. 4 
14-20_________________ 3d and 4th instar____-------- 215 16.3PrcpupaL_. ________________ 14!) 14.1 

Boll Age 
No interaction occurred between photoperiod and boll age, as iucli

cated by a statistical analysis of the data obtained under different 
photoperiods. This Ilnulysis incl11ded data on e.ffects of boll age as 
shown in tables 1, 2, 6, and I, and also those from several other ex
periments discussed preyiously. 
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The data. obtained on effect of boll age are summarized in table 9. 
Larvae that developed in bolls infested wIlen less than 20 days old had 
the lowest proportion to enter diapause. In bolls infested at 21 to 40 
days of age, the percentage of larvae entering diapause increased with 
age of the bolls. There was no significant dIfference in percentage of 
larvae enterin~ diapause between bolls 1 to 10 days of age and bolls 11 
to 20 days old when infested; however, the percentages entering 
diapause in boll groups infested at 21 to 30 and 31 to 40 days of age 
were significantly different from each other and from those in the 
youn~er bolls. The effect of boll age undoubtedly was due to a pro
gressIve change in nutrition of the boll and, as indicated by these data, 
was independent of photoperiod. 

TABI.E 9.-S'ltmnur,ry of data on effect of boll age on induction of pink 
bollworm diapause 'In 'lJariO'lts experiments 

Age of bolls when infested (days) Larvae Mean larvae 
observed ill dinpause I 

----·~-·,,----····--------j-----I·-----

Yttmbe,r Percent1-10 ___________ _____ . ________________________ . 842 40.1 a 
]1-20. ___ .. _____ 

~ 

.. ____________ _________________ 3,381 44.0 a 
21-30_________________________________________ 2,604 54.8 b 
31-40_ - ___ - _________________________________ ... _1____8_17--!..___7_9,_3_C 

I 'Monns followed by clifTerent letter [\l'e Significantly clHfel'ent at 5-perccnt level. 

FIELD STUDIES 

A study to determine the. seasonal aspect of pink bollworm diapause 
in the field was conducted in 1959. Periodic collections of fourth
instal' larvae from firm, green bolls were made from July 5 through 
October 28, as shown in table 10. Meun monthly temperatures at 

TABLE 10.-Sea8M1.al aspect of 7!ink bollworm diapause in green bolls 
tn field 

Date of Mature Larvae ir. Date of Mature Larvae in 
collection larvae diapause ! collectioll larvae diapause 

observed observedI 

Number Percent Number Percent

.July 5 ________ Sept. 3_______23 0 190 30 
July 1~_______ 26 0 Sept 23 ______ 190 83 
July 19 ______ ¥ 61 2 Sept. 29______ 285 84
July 26_______ 75 :3 Oct. 7._______ 313 91
Aug. 2 _______ Oet. 14 _______ 90 '1 140 95
Aug. 9 ________ 99 () Oet.2L__.____ 86 95 
Aug. ]6______ Oet. 28 __._____ 33 94107 4 
Aug. 23 ______ 264 ]7 

http:10.-Sea8M1.al
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Brownsville during this period were July 83.5°, August 84:9°, Sep
tember 83.9° t and October 76.7° F.,. with no marked drop in tem
perature untIl after the middle of Odober. Thus, it is apparent 
that the seasonal change in temperature during the observation period 
was very slight and could have had no marked effect on the mduc
tion of larval diapause before the middle of October. 

Diapause lar\7ae were first found in bolls collected on July 19., 
The percentage of the population diapausing after that date increased 
each week until 95 percent were in diapause in the collection made, 
on October 14 (table 10). Since the effect of temperature was negli
gible before the middle of October, this increase in diapause larvae 
was attributed primarily to the effect of decreasing photoperiods be
ginning after June 22. As the days progessively decreased in length,. 
So higher percentage of the larvae entered diapause. 

The findings in this study agree with data from experiments in 
the bioclimatic cabinets. The first generation developing after June 
22 should include some individuals that enter diapause resulting 
from decreasing photo periods, as indicated in the experiments under 
controlled photoperiods. The collection mnde on July 19 represented 
this generation. 

DISCUSSION AND CONCLUSIONS 

The foregoing data indicate that diapause in the pink bollworm 
is governed prImarily by photoperiod, with boll age and autumn 
temperature exerting a secondary effect. Whether the effect of photo
period was exerted rurectly on the insect or indirectly through effect 
on the cotton plant is not known. The data may be interpreted to
clarify the onset of diapause in different parts of the world where 
previous reports have appeared to be contradictory. 

The absence of pink bollworm diapause between the north and 
south 10° latitudes is undoubtedly due to the almost constant day 
Jength througlwnt the year in that area. The photoperiod at the 
Equator is approximately 13 hours, including visible light before 
sunrise and. after sunset.. This light period corresponds closely to' 
the 14-hour constant photoperiods maintained in the bioclimatic
cabirmt expe:riments that produced very few diapause larvae. 

In areas removed from the Equator, diapause may be initiated 
or averted by changesin day length. The seasonal variation in photo
period is dependent on latitude, but during the vernal and autumnal 
equinoxes there are 12 hours of sunlight everywhere. During the 
season between the spring equinox and the summer solstice, increas
ing photoperiods are favorable for the production of nondiapause 
larvae. Immediately afer the summer solstice, larval response to 
decreasing photoperiods induces diapause in a small proportion of 
the popUlation. This response increases with the decrease in photo
period through the autumnal equinox. ~<\'fter the autumnal equinox,. 
when the photoperiods become shorter than 12 hours, nearly all larvae 
sho-uld be in diapause despite temperature favorable for pupation. 
This conclusion is substantiated by the field studies at Brownsville 
and by studies of Fife (10) and Storey (28) in different areas. 
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In latitudes above 32° N. a ver~stI:Ollg effect on pink bollworm 
diapause results from the combined larval response to photoperiods 
abOve 14 hours, decreasing photoperiods and cool, lnte-season tenl.
pern.ture. The growing season is relativeiv short. with fewer genera
tions de\·eloping than in areas near the EquatoL" Such conditions 
occur in the northern cotton-growill~ areas of the United States. In 
these areas cotton bolls nre not avaIlable for infestation until after 
July 1, and since the crop-production senson is uSUlllly terminated 
by frost, it is essential thnt a high peL'centage of the larvae enter 
<hapause befol'e frost if the insect is to survive. Such survi \'tll re
quirements are fulfilled by the larval response to the photoperiods 
Ilnd ]nte-seaspn temperature occurring in the area. These fnctors 
result in diapl~use of tl. high pl'oportion of each generntion developing 
in bolls. 

Although the ability to enter ditlpause early ill the growing senson 
insures perpetuation of the pink bollworm in the higher lutitudes, it 
effectively limits t.he actively breeding popullltion. TIlis reduction 
in the active populution d.ue to diapause, coupled with etTt.'Ctive cul
turn.l-control prnctices und fewer generations in these areus, may ex
plnin "',hy the insect ~las bt.'C1l able ~o exist. ~l the High Plains are:l of 
Texas SInce 1927 and m Oklahoma SInce l!HI, but 111115 caused yery httle 
damage. Similar drcumsbtnces appnl'ently occur in nol'them Chinn. 
(Efimov and Mift.ddlOv 8) and 1ll l'tu'key, Yugoslavia, lind Ituly 
(Nonveiller 18, Scavone £0), all located north of the 32° latitude und 
hnving less etrecth'e cultural-control pradices tlum in the United 
States. It appears, therefore, thut the pink bollworm populations in 
latitudes above 32° N. may be sufficiently restricted to prevent serious 
economic damn~e. 

A relationshIp betweenpflotoperiod and nlltuml spread of the pink 
bollworm is suggested as a result of a review of the worldwide spread, 
although other fuctors such as wind direction may be involved. In
troduction of the pink bollworm into cotton-growing areas, far re
moved from known infestntions, has been trnced to the im,Portution 
of infested cottonseed; but once the insect has become established in a 
new urea, it spreads gradually awny from the EqUlttor. 

The pink bollworm wns introduced into North America and became 
established in the I ....!lguna area in northern :Mexico. From there it 
sprelld northward into the United States, but areas south toward the 
Equator have remained free from infestations even though extensive 
cotton production exists there. In South America a similar situation 
occurred after the introduction of the pink bo11worm into Brazil. 
:Most of this country is located south of the Equator, and the infesta
tions moved away from t.he Equator into Parnguuy and Argentina. 
Venezuela and Colombill, adjacent to Brazil but north of the Equator, 
are believed to have become infested from seed imported from the 
Leeward Islands. which lie to the north of both Vt>nezuela and Colom
bia. The insect' has not become a serious pest in Venezuela and 
Colombia. . 

The lack of pink bollworm infestation buildup in the equatorilll 
regiong of South America and Africa is undoubt.edly related to the 
inability of the insect to enter diapause in areas between the north and 
south 10° latitudes. Diapause appears to be unnecessary in tlu',se 
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?egions, because temperatures are favorable for continuous insect de
velopment; however, the occurrence of a dry season that may last for 
6 months and the cyclic fruiting habits f)f plants growin~ in the 
Tropics tend to produce a host-free period or a long period In which 
fruiting hosts are scarce. The low population that exists in these 
regions is no doubt due to the absence of the diapause stage and the 
scarcity of food during the dry period. Thus, the equatorial zone 
appears to have served as an ecological barrier that the pink bollworm 
has been unable to cross and establish itself on the opposite side unless 
aided by man. The opposing seasons on the opposite sides of the 
Equator, long dry periods that restrict host abundance, and the absence 
of larval diapause in equatorial regions undoubtedly are major factors 
in limiting the natural spread of the pink bollworm across the Equator. 

Insect response to changing photoperiods may not be restricted to 
the pink bollworm. A report by Katiyar and. Long (13) shows that 
in Louisiana the sugflrcane borer (Diatraea saccharalirl (E.) under
goes a diapause-initmtion pattern similu.r to that of the pink bollworm, 
and its behavior thus suggests a response to photoperiod. Similarities 
in the spread and distribution pattern of the pink bollworm to that of 
other cotton insects can be seen ill the following discussion. 

The boll weevil (Anth011omus grandis Boheman) has long been a 
major pest of cotton in Central America, Mexico, and the United 
States. This insect is believed to have originated in southern Mexico 
or Central America. Its early, rapid spread was to the north away 
from the Equator. Only in re~ent years has this insect shown any 
tendency to mo\"e southward. It was first found in Venezuela in 
1949 <,"11itcomb and Britton f39) and in Colombia in 1951 (Marin 16), 
an indication that its southward movement has been very slow. Both 
these countries are located north of the Equator, and the insect has 
not shown any tendency to continue its southward movement across 
the Equator. 

A false pink bollworm, Sacadodes p1Jralis Dyar, is found in Vene
zuela. Colombia, and several Central American countries. It is not 
found south of the Equator, but its northward movement appears to 
be following a pattern similar to that of the boll weevil and the pink 
bollworm. 

Another cotton insect that has failed to become established across 
the Equator is a red bollworm, Diparopsis 'loatersi (Rothschild). 
This insect is found only north of the Equator and for many years was 
confined to continental Africa, but recently it has spread northward to 
the Aden proteetorate. A closely related species. Diparopsi.'! castanea 
Hampson, occurs only south of the Equator. Neither species occurs 
in the equatorial regions of Africa, which include parts of the Belgian 
Congo, Uganda, Kenya, and Tangany.ika (Pearson 19). These in
sects may respond to photoperiod and this response may tend to re
strict their movement and distribution. 

An insect that is probabJy limited to a certain geographical region 
by its response to photoperiod is tIle Colorado potato beetle (Leptino
tarsa decemlineata (Say) . DeWilde et a1. (7) have shmrn that 
diapause .is initiated in this beetle when the photoperiods are shorter 
than 15 hours. This insect has never been found in southern Texas. 
The Rio Grande Valley was an important potato-growing area for 
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several decades. ~<\'t the present time only Ii few hundred acres are 
planted to this crop, but abundant wild solanaceous plants in this area 
could ser\'e as host plants for the insect. Since the homs of sunlight 
in the Rio Grande Valley never 8..xceed 15, the insect's response to such 
photoperiods may account for its nbsence in the area. 

SUMMARY 
Laboratory and field studies conducted at Brownsville, Tex., indi

cated that diapause in the pink bollworm (Pectinopho1'a gossypiella 
(S:!;unclers» was controlled primarily by photoperiod, with boll age 
and temperature exerting a secondary effect. 

Photoperiods progressively increasing from 12 to 16 hours and 
a constant photoperiod of 14 hours bvored the development of non
diapause hu~vae, whereas decreasing photoperiods and constnnt ones 
above and below 14 hours were effective in inducing larvae to enter 
diapuuse. Parental effect on the Fl progeny was aJso e~q)ressed in 
the progeny's response to photoperiod. Diapause was induced when 
the parents emerged in a photoperiod longer than that in which the 
progeny developed. 

Larval response to a mean temperature of 70° F., compared with 
81.5°, partially overcame the response to photoperiod. This effect 
of reduced temperature, which indu('ed diapause, was found to take 
place in the first and second instal'S. 

The incidence of diapause larvae in bolls infested after the bolls 
were 20 days old increased with age of the boll. This response to 
boll age, found to be independent of photoperiod, undoubtedly was 
due to a progressive change in nutrition of the boll. 

It was concluded that the diapause habits of the pink bollworm, 
as afl'ected by the factors discussed, largely determine the insect's 
distribution and seasonal abundance. 
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