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I. The 8ex ratio of Pecinoghora £088ypiells (Saunders)

- 8uring the cotion seagon in 1985 ,

1 #) and (2.09 o7, 1 #) respectively (Table, 1). gy,
Teverge was, however, true in larvae collected from green
bolls jin August ang September, It was (1 o”: 1.8 #) ang
(1 o 1.9 @) respectively. Larvge collected from dry
bolls ipn October, glso Tecorded more females than males,
the sex ratig wae (1 o”; 1.46 %), in November ang Decem-

ber, the Bex ratio again showeg in favor of males for
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Table (1) : The sex ratio of Pectinophora gossypiella (Saunders)
during the period June~December, 1985.
Source Collection Sample -Larvae/Sample Sex Abnormal
S Normal Abnormal ratio %
of food date size ¥ + o s o 2 o o
15.6 .85 100 4 ~ - <
Flowers 22.6 100 3 2 - -
30.6 100 5 2 - -
Total 30 12 4 0 0 1214 o0 o
8.7.85 100 - -
15.7 100 8 4 - -
22.7 100 10 - -
30.7 100 22 10 - -
Total 400 46 22 0 o 46123 o o
8.8.85 100 26 34 - -
Green 15.8 100 10 36 - -
bolls 22.8 100 24 40 - -
30.8 100 26 60 -
Total - 400 86170 4 0  90:170 4.44 ©
8.9.85 100 8 60 b 2
15.9 100 18 36 10 4
22.9 100 16 44 10 2
30.9 100 16 36 14 4
Total 400 58 176 40 12  96:188 40.12 .3
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Table (1) : Cont'd.

Larvae/Sample

Source Collection Sample Sex Abnormal
Normal Abnormal ratio %
of food date size 7 » o7 * o 8 o 2
8.10.85 100 4 60 8 4
15.10 100 24 44 4 2
22.10 100 16 44 6 4
30.10 100 20 24 6 6
Totel 400 104 172 24 16 128:188 18.8 8.5
8.11.85 100 60 30 2 -
15.11 100 54 36 - 2
Dry 22.11 100 56 34 2 2
bolls 30.11 100 52 38 4 -
Total 400 222 138 8 4 230:142 44.8 2.8
8.12.85 100 50 30 - -
15.12 100 60 20 - -
22.12 100 58 18 - -
30.12 100 54 24 - -

T A A — A — Y W S — W . —— - — - —— -——— ———— —— N — ———

Total 400 232 92 O 0 232:92 o 0
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In general, the percent of abnormal larvae was
greatly skewed in favour of males, and the highest per-
cent of abnormal male larvae (40.82 %) was recorded in
September. Wheress the highest percent of abmormal
femele larvae (8.05) was recorded in October. The abnor-
mal male and female larvae averaged (40.88 % & 6.4 %) on
September, (18.75 % & 8.5 %) in October and (4.48 % &

2.8 %) in November. In larvae collected in December,

however, no abnormal larvae were found.

Prom the previous data on the abnormal larvse in
table (1), it is apparent that the increasse of their
number coincides with the increase of rate of infestation,
the later being bound to boll formation and maturation
(Lof¢in et al., 1921; Ohlendorf, 1926; Taylor, 1936 and
Pearson, 1958).

It was observed in the present work that abnormal
larvae failed invariably to enter diapanse, this obsger-
vation was further verified by their complete absence
in samples collected in December when all larvae collected

were in the diapause stage.

Data on the sex ratio indicated a marked increase
in male ratio at the beginning of the sesson during the
months of June and July. The ratio became in favour of

females star$ing from August up to October. At the
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end of the season, however, in diapausing larvae caollec-
ted in November and December, the ratio agasim favoured
males. The above results are worth further investigation
coupled with field observation on light trap caught moths.
It might be an indication for the proper timing for using

sex pheromones in a management programmé.

Whether this disproportion is brought about by
weather factors can be gleaned from the work of Abdel-
Hafez (1982) who pointed out that at 2§: 27 and 30°C more
females of P. gogssypiella were produced, the reverse occ-
urred at 20 37 and 35 C.

Results revealed that at the beginning of the season
male larvae appeared shead of females and at the end of
season about (71 %) of resting larvae of P. gossypiella
were males. Hunter and Hinds (1904) reported that the
sex ratio of Anthonomus grandis was about equal except
that more males than females were found among hibernat-
ing weevils. Hinde and Yother (1909) found about 54 %
of overwintering Anthonomus grandis to be males. Hunter
and Plerce (1912) reported almost equal numbers of males
and females during the fall before their entery into

kibernatione.

Diapanse was proved to be genetical as early as
(1913) by Toyama in the silk worm and later confirmed
in well designed laboratory experiments by Barry and
Adkisson in (1966) for P. gossypiella.



- 46 -

The results obtained indicated that larval popula-
tion increased sequentially during the season. This is
in line with the findings of(Loftin et al., 1921;
Ohlendorf, 1926; Taylor, 1936 and Pearson, 1958). The

pink bollworm is primarily a late-season pest of cotton.

Studies of the seasonal history of the lnsect indi-
cated, in general, that infestations are ususally very
high during the early fruiting period of cotton and may
not becoﬁe noticeable until the plants reach the bloom
stage. After this period has been attained and as bolls
become available for oviposition, infestation increase
rapidly. All the bolls may become infested with one or
more larvae by the end of the season. Andrewartha and
Birch (1954), in Chicago, stated that, it is generally
true that in multi-voltine life-cycles the incidence of
diapause 18 usually closely related to the season of the
year, temperature, humidity, duration of day light and
each one may in a particular case, be the stimulus that

determines diespause.

The only report on the genetice of diapause of the
pink bollworm is that of Barry and Adkisson (1966). But
the report of these authors did not refer to sex linka-

ges, 1f present.

Whether the proportional increase of males at the

beginning end end of the season is an indication of
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gex linkage of the phenomenon is & matter worth of
inveatigation, such: knowledge, if available, would be an
important idea in designing gseasonality patterns and

management programmse.

II. The effect of different constant temperature on the

biology of the fourth—instar larvae of P.gossypiella

(Saund.) :

In most cotton growing regions in the world, the
pink bollworm undergose & facultative diapasuse which
occurs in the 4th (final) stedium. Seasonal changes in
photoperiod, temperature, and the host plant are reported
to regulate the occurrence of diapause (Adkisson et al.,

1964 and Raina and Bell, 1976).

Field collected 4th instar larvae of P. gossypiella

were divided into patches each of which was subjected
to one of three constant temperatures, i.e. 15, 20 and

o
27 C, and the biology of each patch was studied.

1. Larval weights :

o . A .

The average weights of the pretreatment larvae are
shown in table (2). It is evident that females are 1l
mg. heavier than males on the average. When larvae

were exposed to the three constant temperatures used,
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i.e. 15, 20 and 27°c for one week there was a general

loss of weight in all cases and in both sexes.

At 1500, the percentage losa of weight was 10.22 %
for males and 27.02 % for females. In larvae kept at
20°C, the loss of weight in males was 6.63 percent, while
it was 27.4 percent for females. At a constant temp-
erature of 27 C the lossa in males average weight was only

1.18 percent and females lost 3.15 percent of their weights.

At the three constant temperatures used, the percentage
loss of weight was more pronounced at the low temperature
of 15 C in both sexes. This loss of weight was partially
alleviated at higher temperature particularly for males

at 20 C, the loss of weight, however, was negligible
at 27°C.

Losa of weight in diapausing insects was previously
reported by Chippendale and Kikukawa (1983), they stated
that the diapausing larvae of Homoeos electellum lost about
29 % of their body weight between 20 and 50 days of age
and a further 12 % between 83 and 135 days of age.

Accordingly, the comspicuous loss of welght at the

constant temperature of 15'end 20°C, may be considered

as an indication of a higher percentage of diapause at

those temperature.
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2« The duration _period of the 4th instar larvae :

Data in table (2) gives the duratiom in days of
the 4th instar larval period at different constant temp-
eratures. There is s prolongation of this period at the
degree of 15 C, the females requiring a slightly longer
period than males. At 20 C, there was a Prolongation of
this period to a8 less extend snd males requiring a sli-
ghtly longer period than females. At 27 C, the duration
of this period did not reach the threshold of diapause
of 30 days (Fife, 1949), and the time required for pupation
W83 more or less equal in males and females (El-Sayed and
Ruastom, 1960) pointed out that the percentage of resting
larvae at any time was inversely proportional to temp~

erature.

The above results indicated that most of the larvae
kept at 15 C failed to undergo pupation but remained

predominantly as larvae.

It may be concluded that this degree of temperature
is not favoursble for larvae to complete their develop-
ment but was accordingly conducive to diapause. The
same observation holds true at the degree of 2000. At
the degree of 2700, however, pupation occurred and
duration of thé‘4£g larval instar was more or less the

same for males and females. Accordingly, this degree
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of temperature may be considered favourable for larval

development.

3. The pupal stage :

T o —— T -

a) Pupation percentage :
Results presented in table (3) indicated that the

percentage of pupation increased with the inerease of temp-
erature to reach the maximum of 100 % at 27°C. It is
noticeable, however, at the lower temperatures of 20 and
15°C, that higher percentages of females pupated compared

to males.

b) Pupal melformation :
Data in table (3) revealed that malformation of

pupae occurred only at the low temperatures of 15 and

-] o
20 C, but was absent at 27 C.

The percentage of malformation was inversely pro-
portional to temperature. In the two temperatures
where the phenomenon occurred, malee appeared to be

more susceptible to malformation than females.

The sbove observations emphasise the suitability
Q
of 27 C as a condition for laboratory rearing of P.

gossypiella.
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c) Pupation period :
Ag would be expected the length of the pupal

period was longer at lower temperatures in males and
females. Females appeared to be slightly less affected

by low temperature if they were compared to males. Whereas
males required 2.75 times the length of their pupel period
at'27°C when they were kept at 1500, females, however,
required 2.55 and 1.66 of their pupal period at 2700 at
the two above mentioned respective temperatures. It is
noticeable, however, that at temperatures of 15 and 27
males required less time for eclosion than females, while

Q
the reverse occurred at & temperature of 20 C.

d) Weight of pupae :
The weight of female pupae respdnded more favo-

urably to a rise in temperature than males. When figures
in table (3) were studied, it was noticed that in both
males and females, the rise of temperature produced

heavier pupae.

In males, the difference in weight between pupae
produced at 15 and 20°C was 0.42 mg. The pupae produced
at the higher temperature representing'2.37 % increase
in weight, while in females the increase was 1.6 mg

representing a proportion of 7.76 %.
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At 27°C, the male's pupae weighed 0.54 mg more than
the average weight of pupae kept at 15°C representing
an increase of weight of 3 %. In females, the difference
was ag large 88 3.3 mg representing 16.02 % incresse in

pupal weight.

According to the above observations, the differences
in average weight between males and females increased by
the incréaaing of temperature; females were 2.92 mg, 3.02
and 5.68 mg heavier than males on the average at temp-

eratures of 1§: 2d:and 27°C, respectively.

4. Moth emergence and malformation :

ey o o S W A S S S T G Sl e A P S o

The percentage emergence of adults from pupae formed
under low temperature conditions was adversely affected
in both sexes. Females, however, were affected to a
lower extent than males, and the percentage of emergence
never reached 50 % in the two low temperatures of 15 and
20°C, while & large percent of the formed pupae of females
in the two sbove mentioned temperatures succeeded in.
eclosion. At 27°C, however, there were 100 % emergence
in pupae of both sexes. Abd El-Hafez (1982) refered to
malformed moths whose emergence was incomplete or those

with wing and/or leg deformities.

From table (3), i1t was noticed that deformities

-]
almost exclusively occurred at the temperature of 15 C,
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males being more susceptible than femalesa, their percentage
of deformities was almost double that of females at that

temperature.

o _
At 20 C, only a small percentage of deformation occ-

urred in both sexes.

The above results agree with those of Thomas (1933)
who reported that cases of abnormal metamorphosis,
referred to, in his work, as prothetly and metathetly,
sometimes occurred after exposure of insects to very low

or very high temperatures.

larvae of 2- 5ossxgiella (Saund.) :

— —— e v g e T —— ke S - —— — —

The pink bollworm was reported to remain In diapause
when environmental conditions were unfavourable or no

food was available (Raina, 1974).

This part of the present studies was to examine
the effect of exposure of the 4th instar larvae of pink
bollworm to different constant temperatures on the per-
centage of diapausing male and female larvae. According
to Pife (1949), the maximum larval duration of the short-
cycle type is 30-days and that larvae which remained
alive for a lohger period may be safely considered long-

cycle or diapausing larvsae.
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a) Larvee entering diapause :
Data presented in table (2) indicated that of 60

male larvae exposed to the constant temperature of 1500,
47 were still in their lerval stage at the end of 30

daye representing 78.3 % of the larvae used in the experi-
‘ment. Among females, the number of diapausing larvae
was conspicuously lower, representing only 65 % of the

numbér of larvae in the experiment.

[+ ]
At 20 C, the number of diapausing larvae was slightly
less than at 15°C, with the percentage of diapausing .
males being higher than those of females.

The examination of larvae kept at a constant temp-
erature of 27°C revealed a much smaller percentage of
larvae 1n diapause in comparison with the above two
temperatures. There was, however, a difference between
the percentage of males and females, the percentage of
diapausing females being higher contrary to the results

obgerved in the above two lower temperatures.

Statistical analysis revealed a highly significant
effect of temperature on the percentage of dlapause at
(P = 0.05), while the interaction of sex and temperature
was highly significant at (P = 0.01). It may be concluded
from the above results that the lower temperatures

induced more diapause among larvae, so much s¢ among
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those the proportion of males was lower than females.
The above results agree with the findings of Bell (1983)

who noticed that in Ephestia elutella larvae maintained

in slightly heated or unheated out-building, the summer
emergence was poorly synchronised, and males on the

average emerged shesd of females.

b) Larvae in extended diapause :

Larvae exposed to different constant temperatures
were inspected six months after the commencement of the
experiment, results are given in table (2). At the two
lower temperatures of 15 and 20°C, 50 % or more of the
larvae used were still in diapause, and in both temperat-
ures the percentage of males was higher than females.
Statistical analysis of the figures showed that both
temperature and sex had significant effects at (P = 0.01).
Interaction between the two factors was significant at

(P = 0.05).

-]
At a temperature of 27 C, no larvae of either sex

remained in diapause for that period of six months.

The above results agree with previous reports by
El-Sayed and Rustom (1960) and Hassanein and Galal (1969)
who indicated that the temperature is an important
factor governing the initiation of diapause in the pink
bollworm. The percentage of resting larvae, at any time

being inversely proportional to temperatures.
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The present results indicated that the length of
diapause was also inversely proportional to temperature,
whereas the temperature of 27°C did not induce long
cycle diapause, but caused only a relatively small num-
ber of larvae to enter short diapause, the lower temp-
eratures, caused proportionately large percentages of

diapausing larvae.

The above results, supported by statistical analysis
also revealed that in addition to the number of diapaus-
ing larvae and the length of diapause, temperature also
determined the sex of diapausing larvae at the low temp-
eratures, the percentage of males being higher than

females.

All the previous results suggest that a higher
population of males would occur at the beginning of the
season under laboratory conditions. To verify such spec-

ulatiorn is a subject for further field investigations.

6. The effect of temperature on the total mortality :

Field collected 4th instar larvae, obtained from
bolls and exposed to the three constant temperatures
(15, 20 and 27°C) were inspected for mortalities through-
out the six months duration of the experiment, in their

larval and subsequent stages.
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Results in table (2) revealed that lower temperat-
ures caused more mortallties compared to higher ones;
at 15°C ten percent and five percent of male and female
larvae diled, respectively, while the percentage mortal-
ities in both sexes dropped to 4 % and 1 % at the temp-
erature of 2000. At the temperature of 2700, however,

no mortalities occurred in both sexes.

The above mentioned figures suggested, moreover,
that males were more susceptible to the adverse effect
of temperature than femalea since, at the temperature of
15°C the mortalities among males was twice as large as
among females kept at the same temperature, and at the
temperature of 20°C, there were four times dead males

compared to dead females.

Statistical analysis of the above data revealed a
highly significant effect of temperature on mortalities
(P = 0.01), and the sex was slso significant factor on
mortalities at (P = 0.01).
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III. The effect of sublethal doses of insecticides on

the biology of the fourth-instar larvae of pink

bollworm, Pectinophora gossypiella (Saunders) :

Phree major pests attack cotton in Egypt namely; the
cotton leafworm, Spodoptera littoralis (Boied.), the pink

bollworm, Pectinophora gossypiella (Saunders) and the

spiny bollworm, Earias insulana (Boisd.) .

Insecticlides recommended for treating cotton should
therefore control efficiently the three pests. Taso and
Lowry (1963) studied the larval dispersal of P.gossypiella.
Fewly hatched larvae moved up and down plants principslly
along the main stems, but most of them hatched on firm
green bolls, and did not disperse but entered the bolls
on which they hatched.

As a result, it is concluded that newly hatched
larvae of pink bollworm may be exposed to the sprayed
insecticides for a short period, then the surviving ones
insert themselves into the green bolls to spend their
life-cycle. It may be argued that a second exposures
ensues when the 4ih instar larvae leaves the bolls to

find a place for pupation.

Adkisson and Wellso (1962) showed that sublethal
doses of DDT or methyl-parathion had stimulating effect

on egg production. Conversely, Kuipers (1962) observed
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that sublethal doses of DDT produced a decrease in the
fecundity of the pink bollworm.

The present work waa conducted to determine the
effect of sublethal doses of insecticides applied to
the 4th instar larvae of pink bollworm, at the three
different constant temperatures on the biology of treated
insects, the nature of interacfion between temperature
and such latent toxicity effacts, in addition to their
 combined effect on the percéntage.diapause and diapause
duration.

Larvae collected from infested bolls were subjected
to topical applicafidn by sublethal doses of the three

insecticldes; fenvelerate, cypermethrin and chlorpyrifos.

1. Log-dose; probit mortslity lines (La-P) :

It was necessary in this work to determine Ld-P lines
for the insecticides used, in order to determine the dose
to be applied as a sublethal dose on the basis of a dosage

causing ca. 10 € mortality.

Pigures (2, 3 and 4) give the details of the results
obtained. The most toxic of the insecticides used was
fenvalerate on the basis of LDSO or LD90 values. A
similar result on the high toxicity of this insecticide
was reported by Ahmed et al. (1987). Next to fenvalerate
was cypermethrin. The value of its LD50 was 2.8 times
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higher than that of fenvalerate in males and 3.38 times
higher in females. The lowest toxicity among the insecti-
cides used was that of chlorpyrifos, where the LD5O values
showed thia toxicant to be comparatively less effective

than the two pyrethroids used in this study.

The LD50 of chlorpyrifos in males was 3.9 folds higher
than fenvalerate and 1.39 times higher than cypermethrin.
In females, this parameter was 3.6 folds higher than
cypermethrin and 1.07 folds higher than cypermethrin.

The slopes of the insecticides were comparable in
chlorpyrifos and fenvalerate trials in each sex separa-
tely, while this parameter was slightly lower in cyper-

methrin in both sexes.

%2 values were not significant in all triels indica-
ting that the samples used were reasonably homogenous.
The figures of LD50 for males was generally higher than
those of females, but when Student's ®t™ was calculated,
it revealed that these differences were not statistically
significant.

The slopes of Ld-P lines for males were always
glightly higher than those of females with the result
that the differences in L390 values were smaller than
the differenceé observed between the two sexes in IDSO

values.
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3. Larval weight after one week of treatment .

_-..—_.-----.--.-----_--_---__-._--_-_-_-_._.._._

When weight of treated larvae were determined one
week after treatment, it was found that a loss of weight
was evident. Larvae kept at 15°C suffered 42.05 % 10sg
of weight. Losg of weight at that temperature occurred
also in the control but it was less than that occurring
among treated larvae, in the control the loss was only
26.98 %. The Same results occurred among larvae kept at
20°C with minor differemces (40.04 % treated and 26.98 %
untreated).

In larvae kept at 2700, however, there was smaller
reduction in welght among treated insects, but 8till
noticeable, i.e. 28.77 %, while the reduction in control
was negligible (4.3 %). When loss of weight was compared
in males ang females, it was evident that females showed
greater bPercentage loss when treated with the insecticides
compared to the bercentage loss in males. This was most

evident in the case of the organophosphorus chlorpyrifog,

The loss of larval weight when exposed to low temp-
erature has been demonstrated Previously in thisg work.
This loss was large at lower temperature but negligible
at 27°C. When the effect of sublethal doses of fenval-
erate was added, the reduction of weight was increased,

- o
and this wag most obviocus at 27 C.
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Loss of weight through Jowered temperatures may be
attributable to the increased stress on adipose tissues
for a source of energy to keep the iarvae active. The
effect of fenvalerate may be attributable to either loss
of water reported by earlier suthors to accompany expos-—
ure to pyrethrins (Ingram, 1955), or an added stress on
the metabolism brought about by detoxication processes
and requiring extra energy obtainable from the adipose

tissues of the larvae.

4. Duration period of the 4th instar_larvae :

The average durstion pericd of the 4th instar larvae
(in days) in males and females are shown in tables (4 & 6).
As shown previously in this work, lower temperatures caused

prolongation of the larval period.

The time required for pupation, however, was always
shorter among treated lasrvae in both sexes. At temp-
erature of 15°C, the duration of this stage was 23 dayse
shorter than control in females and 45 days shorter in
males, at 2000, the differences were 22 days in females
and 24 days for males. At the non-diapausing (Tables 5 & (D)
temperature of 2700, the differences were rather small
renging between 1 and 3 days in females and 2 to 4 days

in males.
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It appears from these results that treatment with
pesticides at the toxicity level applied, d4id not prevent
diapause if the low temperature induction factor was at
work. But there was a noticeable reduction of that per-
1od at low temperatures in both males and females. This
reduction is more pronounced among males and in treatments
with fenvalerate. This reduction of the diapause period

is worthy of further studies.

5. Pupal stage :

a) Percent of pupation :

The percentage of pupation under the different
experimental conditions applied are given for male snd
female larvae in tables (5 & 7). The deleterious effect
of low temperature was augmented to various degrees by
pretreatment with pesticides. Without exception, the
percentage of pupation was lower in males and females
exposed to insecticides at the larval stage in comparison
with the untreated control. The differences, however,

varied from one insecticide to another.

The lowest percentage of pupation at the two
diapause inducing temperatures of 15 and 20°C occurred
in both males and females exposed in their larval stage
to cypermethrin (Tables 8 & 9). When fenvalerate and
chlorpyrifos were compared, it was noticed that while
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Table (8) : The effect of sublethal doses on diapausing male
larvae snd total mortality of the pink bollworm.

Diapausing larvae

Temp. Initial ~pr At the end of 6 months
Ingecticides (°C) No. of 30 days

Surviving Surviving Total mortality

No. % No. % No. %

15 60 17 28.3 9 15.0 44 173.3

Fenvalerate 20 60 29 48.3 12 20.0 38 63.3
27 60 14 23.3 0 0.0 27T 45.0

15 60 21 35.0 9 15.0 44 T3.3

Cypermethrin 20 60 27 45.0 12 20.0 39 65.0
27 60 13 21.7 0 0.0 26 43,3

----------- 1;-——- -60 24 40.0 14 23.3 39 65.0
Chlorpyrifos 20 60 22 36.7 14 23.3 35 58.3
27 60 12 20.0 0 0.0 23 53.3
--------------- ;;--ﬁ_——g;—--- 47 178.3 40 66.7 6 10.0
Control 20 60 45 75.0 35 658.3 4 6.7
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The effect of sublethal doses on diapausing female
larvae and total mortality of the pink bollworm.

Temp. Initial

Diapausing larvae

At the end At the end of 6 montha

Insecticides (OC) Yo. of 30 days
Surviving Surviving Total mortality
No. % No. % No. %
15 60 20 33.3 15 25.0 37 61.7
Fenvalerate 20 60 35 58.3 15 25.0 34 56.7
27 60 17 28.3 o 0.0 18 30.0
15 60 34 56.7 15 25.0 39 65.0
Cypermethrin 20 60 29 48.3 19 31.7 35 58.3
27 60 14 23.3 0 0.0 14 23.3
15 60 29 48.3 17 28.3 32 53.3
Chlorpyrifos 20 60 25 58.3 16 26.7 30 50.0
27 60 11 18.3 o 0.0 24 40,0
15 60 39 65.0 31 51.7 3 5.0
Control 20 60 37 61.7 30 50.0 1 1.7
27 60 23 38.3 ¢ 0.0 0 0.0
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and femaleg under the different cond
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T pupation in males
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but they hag & large syr-
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both males and females. The percentage of malformation
-
was highest at the low temperature of 15 ¢ and malforma-

tions among males was more than in females.

When the effect of sublethal doses of insecticides
was introduced, the percentage of malformations in most
cases increased among treated insects. At 15°C, there
was a greater increase in this percentage, particularly
with chlorpyrifos applied to male larvae. Surprisingly,
the percentage of malformations in males treated with

fenvalerate at 2700, was less than control.

There were no big differencés between males and
females, with the exception of the case of fenvalerate
and males, the insecticides used produced more or less
similar proportions of deformities in pupae and was
proportional to the decrease of temperature in both
cypermethrin angd chlorpyrifos, while the results of

fenvalerate demonstrated a need for further studies.

The incidence of malformed pupae after treating
larvae of P. gossypiella was reported by Metwaly et al.
(1987). 1In other insects, Smith (1971) referred to
pseudo-juvenilizing effects produced by Lannate in the
spruce budworms, Choristoneura occidentalis and Staal
(1972) reported that pupae of Tenebrio showed juvenile

hormone response to fenthion. Recently, Gomaa et sl.
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(1987) described dose-dependent morphogenetic effects of
deltamethrin on the desert locust, Schistocerca gregaria
(Forsk.) treated in the 5th nymphal instar with the

toxicant.

It is evident from the above results and literature
cited that some mort of Juvenile hormone mimie action
takes place in larvae of E. gossypiella when treated with
sublethal doses of insecticides, this effect was more
evident at lower temperatures and was more or lessa the
same with all insecticides inveatigated except fenvalerate

and male larvae.

The incidence of the Phenomenon in different insects
and insecticides belonging to different chemical groups
may be taken to Suggest that the chemical or its detoxi-
cation products are not the main factor producing the
malformations, but it may be a result of some disruption
of the physiology of the insect as a result of exposure
to toxicants. However, this is mearly a theoretical
explanation which needs more detailed studies on the bio-

chemical effects of sublethal doses of insecticides,

¢) Pupal duration period :

From results in tables (5 & 7), it is evident that
the application of insecticides to larvae, prolongs the

pupal period compared to the control, this phenomencn
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was8 more pronounced in males. 0n inspection of the

in females. It is noticeable, however, that the impact

: Q
of inaecticidal treatment was more pronounced at 20 C
than at 15°C. The diffefences between different insecti-

cides wag small ang insignificant. The shorter pupation

d) Pupal weight

As it may be expected, small larvae produced smai}
pupsae. According to tables (5 & 7), the weights of_pnpae
resulting from larvae tregted with insecticidea‘were smaller
than those of the control in both males and females at thé
three constant temperatures investigated. It was notic-
eable, however, that in females the reduction in pupal
welght was more or less equal at the two lower temperat-
ures, while in cypermethrin if we calculate the reduction
in comparisop to control welghts it wil) be nearly double
the reduction in the other two toxicants. At the temp-
erature of 27°C, however, the reductions were more or

less equel. It appears from these results that lower
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tempgratures tend to emphasize the effect of pesticides

in lowering welghts in subsequent stages of survivals,

as reported by Alam et al. (1978) in Spodoptera littoralis
and Metwaly et al. (1987) in Pectinophora gossypiella.

In males the same phenomenon occurred (Tables 5&7), but

in a somewhat different pattern.

Reduction was most pronounced in cases where pyreth-
roids, i.e. fenvalerate and cypermethrin were used and
it was slight in chlorpyrifos, a similar result was
reported by Metwaly et al. (1987) when samples of larvae
from Fayoum were treated with different insecticides, the
least reduction in pupal weight occurred with chlorpyrifos.

The above observation was true for both sexes.

5. Moth emergence ang_galfggmation 2

D ol e U e . o e s " o

Tables (5 & 7) shows the Percentages of adult emer-
gence from larvae treated with insecticides under the
three constant temperatures investigated for both males

and females.

1t appears from the table that, as mentioned before,
low temperatures reducéd the percentages of emergence

and in males was more than in females.

It is noticeable that the largest reductions

induced by insecticides occurred at the temperature of
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2700 in both sexes in most cases; In fenvalerate, the
reduction in percentage of emergence was 30 % and 45 %

in females and males respectively. In cypermethrin
treatments, however, the reduction at that temperature in
percentage emergence was only 20 % in females compared
with 44 % in males, while im chlorpyrifos the reduction
in percentage of adult emergence was more or less equal

in both sexes ca. 40 %.

At lower temperatures, the treatment with ingecti-
cides brought about an additional reduction in percentage
eclusion of adult moths. When these reductions were
compared with untreated control, it was noticed that these
reductions were of 3 greater magnitude in females compared
with males taking into consideration eclusion percentage
in the untreated control. The largest reduction observed
occurred in cypermethrin at 15°C where the percentage
emergence was reduced by 33.3 % compared with the control
at the same temperature, followed by fenvalerate ang
cypermethrin at 20 ¢ where reductions were 30 %. In
chlorpyrifos, reductions at the two low temperatures were

more or less similar.

As mentioned before, reductions in male eclusion
were less thangin females at the two lower temperatures

-]
Treaching its maximum in cypermethrin at 20 C.
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It should be mentioned that this observation does
not contradict with the fact that less males would be

produced if we take the original impact of low temperature.

Percentages of malformation among the moths are given
in tables (5 & 7). Prom the tables, it is evident that
low temperature‘ggz cge caused little or no malformations
among the resultant adults. ¥hen the factor of larval
€xposure to insecticides was added a relatively high

percent of deformities occurred in the emerged moths.

The highest percentage of deformities occﬁrred in
female larvae treated with cypermethrin; Metwaly et al.
(1987) indicated the incidence of deformities in adults
emerged from larvae treated with insecticides, and they
did not notice substantial difference between insecti-
cides, they experimented with chlorpyrifos, mephospholan,

profenofos and fenvalerate.

These results recall the earlier discussion of the
Juvenoid mimic effect of pesticides when discussing

malformations in pupae after exposure to ingecticides,

7. Effect on percentage of diapausing larvae :

In laboratory experiments, the objective of our
present studies is to determine the latent effect of
€xposure the 4th instar larvae of P. gossypiella to
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sublethal doses of the three tested insecticides (fenval-
erate, cypermethrin, chlorpyrifos) under the conditions
of different constant temperature 15, 20 and 2700, res-
bectively on reducing the population number of diapasusing
male and female larvae. According to Fife (1949) who
stated that the maximum larval duration of the short-
cycle type is 30 days and that larvae which remainead
alive for a longer period may safely considered long-

cycle larvae.

a) Larvae entering diapause :

Table (8 ) gives the number and percentages of
larvae still in their larval stage at the end of the
30th day under different conditions in males and females.
It was demonstrated earlier in this work that low temp-
eratures of 15 and 20°C are diapause inducing in larvae
of P. gossypiella. The figures for untreatead larvae in
tables (8 & 9) confirm this fact and reveal that diapause
at low temperatures 15 and 20°C occurs more in males,
compared with females. While the reverse is true at
27°C. The rest of the table reveals that treatments of
larvae with pesticides reduced the percentages of diapau-
sing larvae, tpis reduction varied with sex angd ingecti-

cides.
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In fenvalerate treatments s+ there was at 1500 only
about half the number of larvae was in diapause compared
with control in females, while in males the reduction was
even more where the number of diapausing treated larvae
was roughly one-third of their number in control. With
the result that, contrary to control the percentage of

diapausing females was higher than males.

The same trend of results occurred again at 2000,
but to a less extent in both sexes, the impact of pesti-
cides being more pronounced in males, the reduction in
percentage being 3.4 % in females compared with 26.7 %
in malea,atr27°C, there was 10 % reduction in resting

female larvae compared with 5 % reduction in males.

In cypermethrin, another pyrethro;d, again there was
sonme reduction in the percentages of'diapausing larvae
in both sexes. The differences between larvae exposed
to insecticides and control were less than those found
in fenvalerate treatment at 15°C. At 2000, females were
more affected than those exposed to fenvalerate, while
the effect on males was more or less similar. At 27°C,
however, there were slight differences between the two
pesticides. When the numbers of diapausing larvae in
cypermethrin treatments were compared with control, the
percentage of treated larvese in diapause at 15°C was

8.3 % and 43.5 % lower than control in females and
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o
males, respectively. At 20 C, the reduction in diapause
among treated larvae was 13.4 % and 38.4 % for females
and males, while at 27 C the difference was 15 % and

6.7 % for females and males, respectively.

In larvae exposed to sublethal doses of chlorpyrifos .
an organophoaphorqs insecticides, the same trend reported
above was noticed but to differint intemsities. A% 15°C,
reduction in diapausing larvae compared with control was
16.7 % in females, a reduction rate in between fenvalerate
and cypermethrin, while in males the least reduction
occurred with this insecticide at that temperature being
38.5 %. At 20°C, there was & small reduction in diapaus-
ing females of 3.4 %, while reduction in diapausing males
was 38.4 4. At 20°C,Ihowever, no female larvae entered
diapause among larvae treated with this toxicant, while

20 % male larvae entered diapause.

When the above figures were subjected to analysis of
variance, the effect of temperature and of insecticides
were found significant at the same levei of probability,
while the effect of sex was not significant. The inter-
action of temperature and insecticides were significant
at (P = 0.01). The interaction of insecticides end sex
was significant at (P = 0.05), while the interaction of

temperature and sex was not significant.
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It may be concluded from the above results that low
temperatures encouraged diapause, in both sexes, while
the exposure to sublethal doses of insecticides signifi-
cantly reduced the percentages of diapause, the percent-
ages being more pronounced at lower temperatures and more
reduction occurs in males than in females which explains
the significant insecticide sex interaction. The inter-
action of temperature and sex or sex by itself are not

significant ih reducing diapsuse percentage.

b) Larvee in extended diapausge :

The number of larvae at the end of six months was
recorded at the three constant temperatures used for
insecticides treated and untreated larvae in both sexes,

results are presented in tables (8 & 9).

The untreated control showed that at the two low
temperatures of 15 and 20°C, a substantial proportion of
larvae persisted in their larvel stage as diapausing
larvae in meles more than females, this proportion was
never less then 50 % while at 27 C there were no diapausing
larvae whether males or females.

In larvee treated with sublethal doses of insecti-
cides, there were substantial reductions in the percen-
tages of male larvae in extended diapsuse much more than

females that indicates that male larvae of P. gossypiella
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were more susceptible to the latent effect of insecticides
than females. In larvae treated with fenvalerate there
was a 26 % reduction in diapausing larvae in females ang
51.6 % reduction in that percentage smong males st 15°C.
At 2000, the reduction was more or less the same in
females and was 36.3 % in males, owing probably to a
reduction in diapause among untreated males at that temp-

erature.

When these figures were recorded for larvae treated
with cypermethrin they were found to be more or less
similar to those of fenvalerate with no difference at all
in the percentage reduction in diapausing male larvae ang
a slight increase in the percentage of diapausing females
at 20°C.

Among treatments with the organic phosphate, chlor-
pyrifos there were also reduction in the percentages of
diapeusing larvse at 15 C snd 20 C. In females, the
magnitude of this reduction was more or less the same

at the two temperatures mentioned above.

In males, however, the reduction in diapausing lar-
vae was almost double the reduction in females at 15°C

o
and still about 10 % higher than females at 20 C.

In all cases and treatments mentioned above, there

o
were no diaspausing larvae at 27 C in males or females,
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among larvae treated with insecticides or control

larvae.

When the findings mentioned above were reviewed it
could be deduced that at the low temperatures of 15 angd
20°C, the larvae of P. gossypiella may persist in their
larval stage, thus entering what may be termed extended
diapause, this ddes not occur at 27°C. Furthermore,
the exposure to insecticides reduces the numbers of larvae
going into that type of diapause substantially, the reduc-
tion being more aspparent in male larvae than in females,
the insecticides used in this experiment being with more
or less equal effect regardless of their chemical struc-
ture, thus pointing to the poesibility of the incidence
of some physiological lesion occurring as a result of
sublethal poisoning, which is probably not connected to
the chemistry of the compound used or its biodegradation
products. A similar trend was reported by Bell (1979)
who found that infestation with a cytoplasmic polyhydrosis
virus shortened diapause in P. gossypiella.

Such a statement of course is theoretical deduction,
which requires further experimentation to prove or dis-

prove.

Apart from the reason of the phenomena, statistical

analysis indicated that the effect of temperature on
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extended diapause was significant at (P = 0.01) and the
effect of insecticides on its reduction was also signi-
ficant at the game level of probability. The inter-
action between sex angd insecticides was gignificant at
(P = 0.05), while the interaction between temperature

and sex was not significant.

A ——— v —— S — T — —" T —— —— P S q——

The aim of insecticidal application in general is to
reduce the population of the target insect species. It
was thought of interest, therefore, to compare the totsl
mortalities throughout the six months daration of the
experiment. PFigures in tables (5 & 7) gives the sum-total
of mortalities throughout this period for males and fema~
les subjected to various treatments. In control treat-
ments, where no ingsecticides were used, mortalities were
slight at 15 ang 20°C, and non-existent at 27°C. It was
noticeable, however, that the percentage of mortalities
among male larvae at the two low temperatures was higher

than among females.

In larvae treated with fenvalerate, there were high
percentages of mortalities at the three constant temp-
eratures used and at the three temperatures, mortalities
among male larvae were higher than females. The effect

o
of the insecticide ' was moat remarkable at 27 C where
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mortalities in males and females were 30 % and 45 %,
respectively, éompared with no mortalities in the econtrol
in both sexes. At 15°C, the mortalities in treated
females was 61.7 % compared with 73.3 % in males, the
same trend of higher mortalities among males may be

noticed at 20 ang 27°C.

Statistical analysis revealed that in treatments with
fenvalerate, the raising of temperature significantly red-
uced mortalities (P = 0.01), the effect of sex was also
significant at (P = 0.05), while the interactionm between

sex'and temperature was not significant.

When figures for total mortalities of larvae treated
with cypermethrin were inspected, it was remarkable that
they were more or less similar to those of fenvalerate
with the same trend favouring high mortalities in males
compared with females, particularly at 2700.

Statistical analysis showed that the effect of
temperature was Bignificant at (P = 0.01), gex significant
at (P = 0.05) and the interaction of sex and temperature
was not significant.

Chlorpyrifos treatments showed the highest mortal-
itles at 27°C among the three insecticides tested.
Otherwise, the mortalities at the two lower temperature

gave somewhat lower mortalities than the other two



toxicanta and the differen
were rather 8mall,



Or coumarin to the artificial diet on the biology of

P, £088ypiells. These experiments were carried oyt
under laboratorw'conditions at a constant temperature

27241°C ang 8045 £ R.H.  The nemyy hatched (first ingtey,
larvae were individually transferegd to glass vials op



Larvae ensued from media containing

coumarin,

Halformed pupae ensued from larvae reared

on diets containing coumsrin.
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1. Effect on surviving percentages :

. e S W e W S S TS A - o Sl W S S Y wk S S

Results in table (10) pointed that the percentages
of larvae able to survive and reach fourth instar when
exposed to gossypol or coumerin in their artificial diet

was remarkably reduced, the reduction being dose dependent.

Figure (5) shows log.dose probit mortality lines for
these results calculated on the basis of failure to
reach 4th instar according to Finney (1971). This
analysis revealed that coumarin was far more toxic¢ than
gossypol; LC50 for gossypol was 0.057 % with a 95 %
confidence limits of 0.044 % and 0.074 % and a slope of
1.546 while in coumarin the LC;, was 0.0125 % with a 95 %
confidence limits of 0.0057 % and 0.0273 % the slope being
1.323. These figures indicated that as far as toxiclty
percent of the two compounds, coumarin was about 4.56
times more toxic than gossypol. The results of gosseypol
are in line with the findinge of Shaver and Lukefahr
(1969) who reported that gossypol was toxic to the pink
bollworm. There are no reports on the toxicity of

coumarin to insects to the knowledge of the author.

When an anaslysis of variance was cerried for the
figures of gossypol in the table (13), the differences
between the treatment and check were found significant

at (P = 0.01). L.S.D. values showed that the concentration
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of 0.25 % significantly reduced the percentage of gurv-
iving larvee at (P = 0.01). Data for coumarin in
figure (5) showed a highly significant difference
between treatments ang control at (P = 0.01) and L.S.p.
figures indicated g highly significant level of signi-
ficance in reducing survival of larvae for the cong-
entration of 0.05 %,

2. Effect on larval duration :

The duration of larvae from 18t to 4th instar when
exposed to gossypol are glven in table (10). The figures
indicated a prolongation of this periocd in comparison
to control. This prolongation was foung to be statisti-~
cally significant by analysis of variance at (P = 0.01).
The effect of concentration was not very pronounced, the
highest concentration produced an increase of the larval
period equel to 91.55 % of the same period in control,
l.e. the periog was nearly doubled. The next concentrg-
tion caused g larvyal elongation period of 17.46 %
compared with control. While the two other concentrations
caused 63 % and 63.38 % increase, respectively. Accord-
ingly, when the figures for L.S5.D. were used, it revealed
a highly significant difference between all the cone-
entrations uaed and control, while the differences

between the subsequent concentrations were not significant
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except between 0.250 % and 0.025 %, where the difference
was significant at (P = 0.01).

In lervae exposed to coumarin, the same pattern was
encountered, a statistically gsignificant prolongation
of this period occurred (P = 0.01). The magnitude of
this prolongation was greater than that occurring with
gossypol in the two high concentrations of 0.05 and
0.025, where this period was longer by 128.5 % and 119.72 %
respectively, compared with the untreated control. Im
the lower concentrations, however, the prolongation was
more or less similar to gossypol treatments. Calculations
of L.S.D. revealed that the difference between the period
produced by 0.05 % coumarin was significant at (P = 0.01)
when compared to control, 0.0125 % and 0.00625 % conc-
entrations. The difference between any of the concen-

trations used and control was also highly significant.

The above results indicated that the two compounds
tested caused a slowing down of the rate of development
of the larval stage of P. gossypiella. Other compounds
were reported which produced similar results by Lukefahr
and Martin (1966) who found that the jncorporation of
quercetin and rutin in the diet of the larvae of pink
bollworm doubled the duration of the larval period.
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3. Larval weight :

The survivals of larvae exposed to elther of gossypol
OT coumarin were sexed on the 10th day of exposure and

the average weights of males or females were determined.

Pigures in table (10) revealed that in both sexes
and in the two compounds investigated there was a remark-
able reduction in weight, this reduction was proportional

to the concentration gradient.

Slight differences, however, were noticed between
the effects of the two compounds. In go88ypol treatments
the reduction in weight was larger than the reduction
ensuing from coumarin treatments, and the rercentage of
reduction was comparable in males and females. In gossypol,
the highest concentration used (0.250 %) produced 73.0 y 4
and 74.6 % reduction in welght in males ang females,
respectively as compared with the respective controla.

In the concentration of 0.125 %, the reduction in compari -
son to weights of control was 64.5 % and 62.2 % in males

and females, respectively.

The percentage reduction was lowered to 47.8 % and
45.8 % in males ang females, respectively, when the
lower concentration of 0.05 % was used. In the lowest
concentration used, however, 1i.e. 0.025 % gossypol in

the diet, females suffered a higher reduction in welght,
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the reductions were 26.73 % for males compared with 37.3 %

in females.

In coumarin treatments, there were substantial reduc-
tions in weight, but the pattern was different from that
outlined above for g088ypol in three aspects :

l. The reductiona Were more promounced in males in com-
parison to females with a difference between ca. 8 ¢ -
6 % barring the ldweat concentration where the case
was reversed.

2. The magnitude of reductions were less than those
recorded for gossypol.

3. The Telationship between dose and magnitude of reduce-—
tions was less pronounced in coumarin in comparison

to gossypol.

In order to verify the above inductions, analysis
of variance was carried out. It revealed a significant
difference between weights of larvae reared onm g08sypol
Or coumarin containing diets and control at (P = 0.01),
figures for L.S.D, revealed a significant difference
between any concentration and control of (P = 0.01) in

both males and females compounds (Table, 11).

Between concentrations in gossypol, however, the
differences were not always significant in males, the
difference between 0.250 % and 0.725 % was not
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5. Pupal weight :

It was naturally expected that the reductlon in
welght among larvae exposed to concentrations of gossypol
or coumarin in their diets would be reflected in the
resultant pupae. Figures in table (10) confirmed this
expectation, i.e. lighter larvae metamorphosed into
lighter pupae. The percentage of reduction in weight
compared with untreated control was more or less similar
to the same percentage in larvae in both males and
females exposed to gossypol, indicating the absence of

additionsl effect of the compound on pupal weight.

In coumarin trestments at the smallest concentration
used, i.e. 0.00625, however, the percentage reduction
was less than that encountered among larvee, indicating
some sort of recovery of the effect of the compound on
weight at pupation. Otherwise the effects were percen-

tage reduction in weight was similar to that of larvae.

6. Percentage of gglformed pupae :

Pupae with incomplete thoracic sterna were considered
malformed, particularly so since such pupae dled without
eclusion into adulte. Naturally occurring malformed
pupae usually form a small percentage under normal con-

ditions. In the control of gossypol treatments, thelir




4 - Malformed pupae ensued from larvae reared

on diets containing coumarin.

Malformed moths ensued from larvea reered
on diets containing coumarin.

e -
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proportion was 1 % and in the control of coumarin it was

2.1 %.

In larvae reared on either compound, the percentage
of malformed pupae was higher. In larvae reared on
gossypol containing diet their percentage ranged between
58 and 33.8. There was a concentration effect of small
proportion, the percentage being slightly lowered by

lowering the concentration in the rearing diet.

The effect of coumarin, however, was more pronounced
in causing malformation among pupae. Initially the con-
centrations used were about five folds lower than those
of gossypol, additionally, the percentages of malforma-
tions in pupae werealways higher than gossypol. The effect
of concentrationa did not appear to be linear with res-

ponse in production of malformed pupae.

7. Duration of pupal stage :

The duration of the pupal stage ensuing from larvae
reared on gossypol and coumarin diets are given in table
(10). In gossypol treatments, there was a clear elonga-
tion of this period when compared with control. The
longest period was recorded for the concentration of
0.25 % when it reached 12.5 days. In lower concentra-

tions this period decreased only slightly to become




en trations,
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the pupase showed similar failure, while in control 98.9 %
of the pupae developead successfully to adults.

In coumarin treatments, the effect was more pronoun-
ced, at the highest concentration 70 % of the pupae
failed to develop into adults, while at the lowest con-
centration the percentage failure was 47.8 %. In both

compounds the effect of dose was fairly conspicuous.

9. Percentage of moth malformations :

Adults ensuing from the control of this experiment
did not show any deformities. In adults formed from
larvae exposed to either coumarin or gossypol, however,
there was a persistent, dose dependent appearance of
malformations which took the form of uncomplete eclusion

and/or wing and/or leg deformities.

In all previous effects of the two compounds,
coumarin was more potent than gossypol in this case,
however, the first two concentrations of gossypol caused
more deformities the two corresponding concentrations
of coumarin, while the reverse was true in the two

lower concentrations.



1

10. Percentage of larvae exceeding 30 days :

——-——--——---——-—-———--u----—uu-—u-—————-

The pPercentages of surviving larvae which had been
reared on the artificial diet containing gossypol or
coumarin as a newly hatching of P. gossypiella (Saund.)
were estimated on 30 day ang according to Fife (1949)
considered as in short diapause. Data in table (10)
pointed that as the concentrations of £08s8ypol or coum-
arin in diet increased the number of larvae which had
been unable to complete their development to the pupal
stage in 30 days increased. fThe range of percentages
larvae in resting stage for g088ypol treatments was
(25 % - 4.4 %) against (0.0) in check. While for counmarin
treatments, the percentage range was (33.3 % - 5 %) against
(0.0) in check. These resulte indicated that the presence
of these two compounds in larval diet has an important
function in determining the percentage of larvae in rest-
ing stage. However, reaults in table (10) indicated that
those larvae considered asg resting larvae were slower in
growth ang development to pupal stage than in check, and
the average of larval duration period never exceed (40.25

days).
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since none of these larvae were able to enter into a
long~term diapause which would enable the larvae to

stay at rest up to the next season.
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11. The influence of £088ypol or coumarin on fecundity

and fertility of Pectinophora gossypiella (Saund.):
Adult of P. gosgypiella ensuing from larvae reared

on diet containing either g08sypol or coumarin were allowed

to copulate, lay eggs and eggs incubated till hatehing.
The average number of eggs laid per female, hatchability,
mating percent, number of spermatophores per female and
percentege of mating frequency in caged pairs of the pink

bollworm are presented in table (11).

The incidence of mating was determined by the number
of spermatophores in the bursa copulatrix of the adult
female (Ouye et al., 1964 & 1965 and Graham et al., 1965).
Results revealed that the average number of eggs laid by
female moths reared on diets which contained gossypol or
coumarin wae reduced to a marked extent in comparison
with control. This reduction was about 62 % of the num-
ber recorded for control, and was more or less equals
for the two compounds. This reduction may be related
to the size of the insect. Large females from check
produced more eggs than the emaller ones from coumarin

and gossypol treatments.

Analysis of variance revealed a significent differ-
ence at (P = 0.01) between treatments and control,

L.S.D. values at (P = 0.01) indicated a highly significant
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reduction in the number of eggs for gossypol treatments.
Wellso and Adkisson (1961) observed that the effect of
laival food on the reproductive capacity of the adult
and one size of insect are apparently related factors.
Large females generally produced more eggs than small
ones. This suggests that the reproductive capacity of
females populations from any given larval source is

proportional to the average size of the individuals

produced.

There are no reports given on the effect of coumarin
on oviposition of insects, whereas for go8ssypol, Ahmed
et al. (1980) reported that the presence of compound in
the diets of adult houseflies did not cause any reduc-
tion in the number of eggs laid.

l. Hatchability :

A ke v Y —— o —

The percentage of eggs that hatched from diets
containing gossypol or coumarin is given in table (11)

compared with 96 % hatching in control.

The figures indicated a reduction of ca, 28 % in
both treatments in comparison to control, and the

differences between the two diets was negligible.

These results agree with those of Ahmed et al.
(1980) who reported a significant reduction in
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hatchability in housefly eggs from adults exposed to
gossypol in their diet. Prom the present results it is
apparent that coumarin showed similar effects, this indi-
cated the probability that the lowering of hatchabil- :.
ity may be a factor resulting from the weakened state of
the adults resulting from larvae reared on contaminated
diets.

2. The effect of goasypol or coumarin on mating :

T — o - —— i sy 2 e s v sy o ——

Table (11) showed the percentage of mated females
ir moths developed from go8sypol and coumarin treated
larvae in contrast to untreated control. FPigures indica-
ted a slight insignificant decrease in percentages of
mated females in the case of gossypol in comparison with
control. The percentage was lower in coumarin treatments

than hoth &ossypol and control.

If the average number of spermatophores per female
was taken as an indiecation of mating, it would become
evident from table (11) that the normal average of
spermatophores per female under the conditions of these
experiments would be 2.18 with & range between 0-3, the
figures recorded for the untreated control. The means
for goasypol and coumarin were 1.28 and 1.38 spermato-
phores per female respectively with a range of 0-2 in both

cases. This may be considered as an indication that
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while mating took blace in =211 cases, more or less, its
frequency was reduced, and analysis of variance revealed
a significant difference at (P = 0.05) between treatments
and control. L.S.D. calculation revealed a significant
difference at (P = 0.05) between both treatmenta ang
control, while the difference between coumarin and gossy-

pol treatments was not significant.

in the bursa capulatrix of females. From the table, it
is evident thaf there was g relatively high Percentage

of unmategd females in the coumarin treatment, the percen-
tage being double that of the control. Thig bPercentage,
indicating unnated females, however, was insignificantly
higher in £088ypol treatments compared to control, these
Percentages were 10 % and 12.5 % for control angd go08sypol

Tespectively.

In females mated once, i.e. with one spermatophore,

ment 47.5 % and the lowest was in the untreated control
7.5 % with thig percentage being inbetween the above

cases in the treatment of coumarin.
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The Percentages of females mated twice showegd a
similar trend with less magnjitude than that deseribed
for females mated once; hoth gos8sypol and coumarin showed
higher bercentages than the control, but the differences

were smaller.

Pol or coumarin treatmenta, but constituted the highest

Percentage in untreated control. These results guggested

The above Tresults indicated that breeding the newly
hatched larvae of £. gossypiella on dlet containing
£088ypol or coumarin resulted in the reduction of fecun-
dity, fertility and mating ability of the moths which

Bucceeded to emerge.

Abd El-Hafez &t al. (1982) stateq that irradiation
caused an obvioug reduction in fecundity, fertility ang
mating ability of the pink bollworm moths which emerged
from irradiateq 3~day-o0l4d pupae. Thig Buggested that
éxposure of larvae to adverse conditions by irradiation
or harmful Xenochemies would give similar effects on the
biotic potential of the resultant adults,

The obtained Tesulte indicated that gossypol or

coumarin when incorporated into the diet of newly
hatcheg larvae were toxie, toxicity being dose dependent.



pinkigh gg usual in normgy larvae, in addition of the
diminisheqd size ang welghts in the treated larvge,

The duration of larvgl bPeriods were approximately
twice that in cheék. Though the bercentage of Pupation
among survivalg were not significantly different from

COHtrOlar

Malformationg among pupae were high ang appeared ag
incomplete formation the thoracie sterna, the malformeq
Pupae were considered deag 80 that bPercentage of emerged

moths were reduced much more than in check.

Emerged moths from treatments were smaller in size
and with agp appreciable bPercentage of malformationg
occurring ag incomplete clergence and/or wing ang leg

deformities.

Pectinoghora go8sypiella adultg ensuing from larvae

reared on diet containing £088ypol or coumarin had red-

uced fertility, fecundity ang mating ability,
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From the above Tesults, it may be deduced that sope

Xenochemics in the larva] diet hag an important function

Martin (1966) stated that £088ypol caugeq high mortali ty
and inhibiteg larval growth. Alge they pointed that

and the tobacco budworm,

Whereag for the effect of food quality on the rep-
roductive c8pacity. Wellso and Adkisgon (1961) found
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V. Comparison betwsen some body contents in different

physiological cases of the 4th instar larvae of_p,

gossypiella ( Saunders):

These experiment were conducted under laboratory condi-
tions in order to compare fresh; dry weights and water per-
cent in different physiological cases of the fourth instar
lervae of the pink bollworm. These cases investigated
were diapasusing; insuing of diapause larvae, abnormal active
larvaee; and larvae reared on a coumarin containing diet.
Males and females of each case were used separately for

the above mentioned determinations.

It was thought of interest to investigate the overall
amino acids composition of the above mentioned different

physiological cases of the 4th instar larvae of P.gossypiella.

l. Fresh/dry weight and water percent :

Data in table (12) showed that fresh weighta in
different physiological cases (diaspausing, ensue of dia-
pausing, active, abnormal and coumarin treated larvae)

in general were for female much higher than male larvae.

Analysis of variance revealed that those differencesa
were significant at (P = 0.01), L.S.D. value indicated
that the diapausing larvae of both sexes were signifi-
cantly heavier fhan active; abnormal and coumarin

treated larvae in both sexes at (P = 0.01) for males
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and (P = 0.05) for females. The active females were signi-
ficantly heavier than males of larvae treated with cou-~
marin at (P = 0,05). 'The differences in female weight

of active: abnormal and coumarin treated were not signi-
ficant, also the differences in welght between abnormal

males and active ones were not significant.

Data in table (12) pointed that dry weight for the
different physiological cases mentioned were for female
higher than male larvae. Statisticsal analysis gave the
same trend of fresh welght values. The only exception
was that the significant difference at (P = 0.05) of
coumarin treated and active males, waas not significant
when the comparison was on dry weight bases, indicating

that the difference was mainly due to water content,

Also data in table (12) showed thet the percent of
water content of the 4th instar larvae in different
physiological cases were varied; these percentages for
male and female larvae were lowest for diapausing ang
ensuing of diaspause. 1In active, abnormal and coumarin
treated larvae the percentages were rather high with the
exception of coumarin treated males where moisture con-
tent was comparable to meles ensuing of diapause. Brazzel
and Newsom (1959) pointed out that boll weevils in

diapause contained less water than Teproductively active
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ones. Decreased water content in dispausing insects hasg
been reported for mnany species and seems to be a general

phenomenon.

A point of interest is the similarity in fresh/dry
weight and water content between the early season active
larvae and the late Beason abnormal (non—diapausing)
larvae. The lighter weight of those larvee '1s in
agreement - with Adkisson sng Gaines (1960) who found that
adult females reared from green bolls were 3-4 times
heavier than individuaels fed on squares. But the last
Season individuals form a constant phenomenon, their
small weight in comparison to the majority of larvae
about to enter diapause, alongside their inability to
enter diapause require further studies and detailed inves-

tigations.

2. Amino acids :

S S o .  — ———

The amino acids which were identified and quantified
in the hydrolysates of larvae in different physiological
conditions are given in table (13). It should be ment-
ioned that the amounts expressed in this table represent
the total amino acids in the bodies of larvae, by exam-

ining the figures it was noticed that :
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Asparatic acid : The content of this acid was high-
est in diapausing males and femasles. The amount detected
in active males was rather low, compared with active
femeles, consequently the amount of this acid was higher
in diapausing, asbnormal and coumarin treated male larvae

compared with active males.

Threonine': The amount of this acid in active females
was nearly twice ita amount in active males. In diapaus-
ing larvae the amount was equal in both sexes and was
eimilar to that in active males. Results of abnormal
larvae and larvae treated with coumarin were similar in

both sexes and comparable to dispausing larvae. This acid

was reported to be essential for the boll weevil by

Vanderzent (1965).

Serine : The only noticeasble figure in the estimates
of this amino acid is the 2.6 folds titre of serine in

active meles compared with females.

In the three other cases; diapausing, abnormal end

coumarin treated larvae there were only small variations.

Glutemic acid : There was a 3-4 folds increase in
this acid in diapausing, abnormal and coumarin treated

larvae in comparison with active ones.

A similer increase in this acid was reported in

cases of infection of Popilia japonica with Bacillus
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lentimorbus by Shotwell et al.(1965). The increased

amount of this amino acid may be due to an interference
with the functions of GOT and GPPT., That these enzyme may
- be affected by insecticides, the environment of insects
was indicated by Abdel-Hafez (1985%) and Belal et al.
(1988).The figures for the amounts of this amine acid may
be taken as gn indiecation of the probability that chemicalg
such as coumarin, different physioclogical conditions such
a8 diapause, ang reduced growth may have thejir impact on
these enzymes by partial inhibition, leading to the accum-
ulatioﬁ of the acid. The presence of the acid was in a
lower titre than active or diapausing males and a notic-

eable reduction occurred in coumarin treated larvae.

Proline : Proline, though present conspicuously in
active males, was undetectable in active females. Ip
diapausing females, it was present, but in a lower titre
than males. The same pattern was present, but in lower
amounts in abnormal larvae. In larvae treated with coum-
arin, howevgr, this amino acid was Present equally in

both sexes.

Proline ang glutamate are closely tiegd up both in
biosynthesis and catabolism (Rodwell, 1977), there
is some balance in the patterns of both acide in the

different physiological states.
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Glycine : This amino acid was present in more or less
equal quantities in active males and females, it was nearly
doubled in diapausing larvae of both sexes. Its titre in
abnormal larvae was equivelent to that in active larvae,

and s slight rise occurred in coumarin treated larvae.

Alanine : A part from active females, the amounts
detected of these smino acid were comperable in active
males, dispausing, abnormal and coumarin treated male
and female larvee. The titre of this amino acid was

rather low in active females.

Valine : In active males there was more valine than
in active females, the situation was reversed in diapaus-
ing larvae. In abnormal end coumarin treated larvae

there was & marked reduction in the presence of this acid.

Isoleucine : There was about four times more iso-
leucine in females than males in active larvae, while a
slight increase occurred in diapausing males over corres-
ponding females. There was a marked reduction of this
geid in abnormal larvae, while it was comparable to

diapausing larvae in coumarin treatments.

Leucine : Leucine was higher in the active larvae
than otherwise. The difference was negligible in
diapausing lariae, while a noticeable drop occurred in

abnormal larvese and the amount detected in coumarin
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treated larvae was nearly half that found in active normal

larvae.

Valine, isoleuchine and leucine were reported essential
amino acids in the boll weevil (Vanderzant, 1965). Their
gimilarity of atructure, routes of biosynthesis and catabo-
lism of the carbon skeleton reactions (Harper et sl., 1977},
together with the more or less similar pattern of their
presenée in defferent physiolgicel conditions reported above

would deserve further detailed investigations.

Tyrosine : Males conteined more tyrosine than females
in the active condition. In diapausing males, the amount was
reduced to be equal more or less to females. This amino acid
was reported not essential in the boll weevil (Vanderzant,
1965), and is notable for its important metabolic reactions and
products (Rodwell, 1977), its depletion in abnormal and coum-

arin treated larvae is worth of investigations,

Methionine : Methionine was reported to be an essential
amino acid in boll weevils (Vanderzant, 1965) and is a well
known esgsential amino acid in mammals. In active males,this
amino acid was nine folds higher than in active females, but
only 1.75 higher in diapausing males than females.




while in abnormaj males and females, its amount wgg compa-
Trable to diapausing larae, There was marked reduction of
this amino acig §p larvae treated With coumarin, Thig gcjiq

Argenine Argenine, Teported esgentia] by (Vanderzant
1965) was Present in g very high titre (4.5-folds) in
active maleg Compared with females. The amino acid wag

Cases, it wag found in Comparatively large amountg in active

males and in coumarin treated larvae,



%) in different
Physiological caseg of the 4th insgtar larvas

of Pectinoghora gEossypiella (Saundern).'

Table (13) , Comparison of amlno acids (

Diapause

Amino acig -_Active Abnorpal Treateq
| Lo S S o a o 3
1 Asparatig 1.85 4.56 10.43 6.47 5.51 5.86 4,86 5.58
2 Threonine 2.40 4.23 2.90 2.94 2.57 2.68 1.97 2.11
3 Serine 2.98 7.85 5,02 3.59 3.69 4.80 3.17 3.75
4 Glutamic 3.22 1.52 11.10 9.12 7.20 8.13 10.40 11.10
5 Proline 7.20 = 5.95 3.46 3.11 1.77 5.19 5.32
& Glycine 2.10 2.66 5,29 5.68 2,29 2.58 3.46 2.79
7 Alanine 3.56 0.31 3.75 2.86 3.10 3.17 4e40 4,40
8 Valine 5.21 3.10 3.02 5.78 1.10 1.37 1.69 1.85
9 Methionine 7.96 0.86 9,92 5.65 4.40 4.68 '1.54 2.22
10 Isoleucine 1.49 5.52 5,41 4.20 2.93 2,04 4.50 4.76
11 Leusine 5.14 6.48 4.24 3.30 1.06 1.76 2.54 2.60
12 Tyrosine 10.03 6.03 5.13 6.29 2.55 2.43 4.65 2.90
13 Phenylalanine 3.26 5.23 3.72 3.69 J.10 3.06 3.78 2,90
14 Histidine 3.10 2.83 3.65 - 3.82 3.08 4.72 3.29 3.66
15 Lysine 9.90 5.90 9.15 12.15 8.36 ;0.82 5.56 5,32
16 Ammonia 1.60 0.70 0.08 0.17 0.52 0.60 1.26 1.68
17 Arginine T¢20 1.60 ®  0.67 0.86 4.62 5,5
X : Undetected



While Temales hag only 58,68 - %. In diapausing larvge,
there were 88.65 % in males agng 79.0 "% in females,



acids. There was a reduction in the valine, leucine ang
isoleucine content in these larvge Compared to active
8amplen, Tyrosine ang argenine were algo Present in

smaller amounts, In females, threonine and serine were

eéncounted in asparatic ang particularly in males., Ip
Temalep there were Bome increament jin the titreg of

histidine, lyeine ang methionine,

In larvge Teared on a diet containing coumarin, there
W88 an increase ip asparatic acid, glutamic acid, glycine
and alanine; in females an increase in methionine ang
argenine were noticed, while reductions were recorded in

threonine, veline, leucine and tyrosine. 1In males there



