Egypt. J. Agric. Res. , 77 (2), 1999

THE SIMULTANEOUS EFFECT OF PHYSICAL ENVIRONMENTAL
FACTORS GOVERNING THE POPULATION ACTIVITY

OF COTTON BOLLWORM MOTHS

G.B. EL-SADAANY1, A.M. HOSSAIN2,
S.M. EL-FATEH RADWAN2, AND M.A. ROMEILAH2

1 Faculty of Agriculture, Ain Shams University, Cairo, Egypt.
2 Plant Protection Research Institute, Agricultural Research Centre, Dokki, Giza.

(Manuscript received 5 November 1997)

591

Abstract

The present study was carried out to investigate the simultane-
ous effect of certain environmental physical factors on the population
activity of pink and spiny bollworms during 1993, 1994 and 1995 sea-
sons in three different localities (Gharbia & Kafr El-Sheikh and Beheira
Governorates). The relationship between accumulative thermal units and
the corresponding population density of the pink bollworm was studied.
The effect of maximum and minimum temperature and relative humidity
on the population density of Pectinophora gossypiella (Saunders) and
Earias insulana (Boisd.) moths was also investigated. It appears from the
results that a strong positive relationship prevailed between the changes
in the population density of each generation and the required accumula-
tive thermal units for the three years combined in the three tested local-
ities. The effect of the three weather factors combined was relatively
the highest for Gharbia, while the corresponding population size of SBW
was on contrary the least. A similar trend could still be observed for
PBW.

INTRODUCTION

es as far as possible.

The pink bollworm, Pectinophora gossypiella (Saunders) and the spiny boll-
worm, Earias insulana (Boisd.) are serious pests of cotton in Egypt. Due to the great
damaging potential of these pests, great attention has been paid to reduce crop loss-

Thus, the present work was dedicated to study the effect of certain physical
environmental factors on the changes in the population dynamics of moths of both
bollworms. The relationship between the population density of moth generations and
the required accumulative heat units for completing the generation duration for
three years combined play an important role in predecting the infestation in cotton
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MATERIALS AND METHODS

In stable agro-ecosystems only steadly or periodic changes in the natural cul-
tivations occur; and insect population maintain, more or less, definite levels. Any
variation in these levels would largely be due to environmental changes. Therefore,
if temperature would be the most important factor governing the population activity
of a certain insect pest, in a certain habitat, the besic population level and its sea-
sonal, monthly and perhaps weekly fluctuation could be determined provding the fol-
lowing data are available:

a. A long series of observation as continuous sex-pheromone trap catches over a
number of years in different tested area (localities).

b. A record of a long term average of temperature (maximum, minimum and daily
average) and relative humidity (RH%) for the tested localities.

These data were available for pink and spiny bollworms at Gharbia, Kafr El-
Sheikh and Beheira agro-ecosystems.

The weekly and monthly catch figures were grouped for studying the changes
in the population activity of cotton bollworms in relation to the corresponding physi-
cal (thermal) environmental conditions.

In order to interpret the relationship between the time needed for the pink
bollworm for completion a whole generation was estimated depending on the accumu-
lated thermal units expressed as degree (dds).

The effect of certain physical environmental factors on the
changes in the population density of Pectinophora gossypiella and
Earias insulana moths

The weather factors: The records of the three weather factors considered in
the present study were supplied by the Agro-Meterological Station at Abbasia, Cai-
ro. These weather factors are the day maximum temperature, nigh minimum tem-
perature and daily mean relative humidity (R.H. %) during 1993, 1994 and 1995.

The analysis of variance: The partial regression values indicate the average
rate of changes in moth activity due to a unit change in any of the three weather
factors under test, provided the other two factors remain constant around their av-
erages. The partial regression method used in this analysis (termed the "C" multipli-
ers, Fisher, 1950), was helpful in obtaining basic information about the amount of
variability in the activity of the pink and spiny boliworms which could be attributed
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to all three weather factors combined (explained variance).

In the mean time, the significance levels of the partial regression values could
be obtained through:

1. The calculation of the standard error.
2. The variance ratio (F) for all three regressions combined.

Preliminary tests were carried out to most practical regression of the weath-
er factors data (Xs) and of the weekly pheromone catch figures (Ys) in the statisti-
cal analysis.

Estimating the accumulated temperature: To estimate the accumulated
temperature [d.(t-x}], needed for the annual generations of Pectinophora gossypiella
at any time, the developer formula was used (Jasic 1975) as follows:

PR

where:

g = The number of probable generation.

d = The number of days in that examined period.

t = Mean temperatures during an examined period.

x = The thermal theshold.

y = The total effective temperatures required for the insect development.

RESULTS AND DISCUSSION

It appears from the data in Table 1-3 that a strong positive relationship pre-
vailed between the population density of each generation and the required accumula-
tive thermal units for the three years combined in the three tested localities with
the exception of the 2nd generation at Gharbia Governorate, where the average
number of moths/night/trap/ generation decreased while the accumulative temper-
ature increased as compared with those during the same generation at Kafr El-
Sheikh and Beheira Governorates.

The total number of captured moths in the 3 rd and 4th generations were com-
monly higher than in the Sth, 2nd and 1st generation. There were few moths emerg-
ing during the 1st generation duration. The reliable increase in the accumulated num-
ber of the captured moths during the 3rd and the 4th generations (June-July, August
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Table 1. Approximate number, duration and accumulated thermal units of Pectino-
phora gossypiella field generations during three tested seasons combined
(1993, 1994 and 1995) at Gharbia Governorate.

Period of |Generation | Duration of generation Duration Number of | Accumulated
Activity number in weeks [ moths/trap | temperature
From To
First 2nd week |1stweek| 10 5.5 673.4
Tst of Mar. of Jun.
1stweek |1stweek| 11 11.4 1254.4
2nd
of May of Aug.
2nd week |1stweek| 10 24.9 1209.6
Second 3rd of Jun. of Sept.
id 2nd week |1stweek| 10 28.2 1176
1t
of July of Oct.
Sth 2nd week |1stweek| 10 19.1 898.8
of Sept. of Dec.

Table 2. Approximate number, duration and accumulated thermal units of Pectino-
phora gossypiella field generations during three tested seasons combined
(1993, 1994 and 1995) at Kafr El-Sheikh Governorate.

Period of |Generation | Duration of generation |Duration | Number of | Accumulated
Activity number in weeks | moths/trap | temperature
From To
First 2nd week |2nd week| 11 7.6 655.2
Tst of Mar. of Jun.
1st week |4thweek| 11 17.6 999.6
2nd
of May of July
, 3rd week |3rdweek | 12 31.7 11011
Second 3rd of Jun. of Sept.
- 3rd week | 2nd week| 10 37.6 1226.4
1]
of July of Oct.
5th 3rd week |2nd week| 11 22.8 806.4
of Sept. of Dec.
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and September) was a result of a corresponding increase in the accumulative tem-
perature during the same period.

The relationship between the population density of captured pink bollworm
moths expressed as number of moths/night/trap/generation and the corresponding
accumulative thermal heat units expressed as daily degree temperature needed for
completing one generation are shown in Tables 1-3. To determine the probable num-
ber of the annual generations of the pink bollworm moths under field conditions, the
modified Jasic (1975) formula was adopted. According to previous results
(Desukey, W.M. 1994) total effective temperature for the development of the target
insect equal to 478.7.

Table 3. Approximate number, duration and accumulated thermal units of Pectino-

phora gossypiella field generations during two tested seasons combined
(1993 and 1994) at Gharbia Governorate.

Period of |Generation | Duration of generation |Duration | Number of | Accumulated
Activity number in weeks [ moths/trap | temperature
From To
First Tst week |4th week| 10 3.3 512.4
Tst of Mar. of May
ond 2nd week |2nd week| 11 10.4 1201.2
of May of Aug.
4th week | 2nd week| 11 219 1251.6
Second 3rd of Jun. of Sept.
3rd week | 2nd week| 11 24.1 1218
& of July of Oct.
Sth 2nd week |[3rd week | 12 14.1 837.2
of Sept. of Dec.

From the obtained results, it could be concluded that the thermal heat units
play an important role in predecting the first and last dates of appearance of the
field generations of the pink bollworm moths.

The relationship between accumulative thermal units and the
corresponding populatior density of the pink bollworm moths

Data in Tables 4, 5 and 6 show the interrelationship between the changes in
the accumulative thermal heat units and the corresponding changes in the population
activity of the pink bollworm moths expressed as accumulated number of moths. It
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appears from the data that there was a gradual increase in the population density of
PBW expressed as number of captured moths/month/sex pheromone from January
correlated with the increase of the corresponding thermal accumulated units/month
and continued in the following months forming distinct peaks during June, July,
August and September months. A corresponding increase took place in the thermal
units during the same period, tables 4, 5 and 6, expressed as day degree tempera-
tures (d.d.s.). The correlation between the accumulated thermal heat units ex-
pressed as day degree temperatures "d.d.s." and the accumulative numbers of cap-
tured PBW moths was strongly positive.

An obvious increase in the accumulative number of the caught moths started
from May at the three tested localities and throughout the three tested years 1993,
1994 and 1995. For Gharbia governorate, the number of trapped moths was 191,
216 and 221 moths during April increased to 367, 470 and 444 moths during May,
to ca 798, 894 and 887 moths in June of 1993, 1994 and 1995.

For Kafr El-Sheikh, it appears from the data in Table 5 that an obvious in-
crease for the accumulative "d.d.s." from 210, 228 and 162 to 245.2, 249 and
254.2 during the three successive season 1993, 1994 and 1995. An obvious in-
crease was observed in the same Table for the accumulative number of moths
trapped during April 1993 (203), 1994 (225) and 1995 (242 moths).

For Beheira, a similar trend was observed and an obvious increase was ob-
served for the accumulative "d.d.s." during April from the ranges 192 and 258 to
the ranges 288 and 325 in May 1993 and 1994, respectively. On the other hand, the
corresponding number of trapped moths increased during April from 120 and 111
moths to 157 and 186 moths during May 1993 and 1994, respectively. As for July,
August and September months, the amount of increase was relatively high for the
accumulative d.d.s. temperature and the corresponding number of captured male
moths of Pectinophora gossypiella. It could be concluded, however, that the accumu-
lated thermal unit figures and the corresponding number of moths demonstrated a
slight increase during October and started to decrease during the following months,
November and December.

The results emphasized that a considerable increase in the number of PBW
moths occurred during August (990 moths) and September (1265 moths) months re-
quired an obvious increase in the accumulative thermal heat units equal to 477 and
423 accumulated thermal unit/month.
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From the above results, it may be also concluded that in the Northern Central
Governorates of Delta the earlier emerging PBW moths were trapped in the sex
pheromone traps in relatively few numbers during January, February and March
when the rate of the accumulative day degree temperature was less than 100 during
January and February when the corresponding number of moths/month was zero or
hardly above zero level during March of the three tested years at Gharbia, Kafr El-
Sheikh and Beheira Governorates.

The results obtained during the following months show relatively high increase
in the accumulative ratios for the population abundance of PBW during June, July,
August and September months of the three successive seasons at Kafr El-Sheikh dis-
trict. During that period the sequares, flowers and green bolls were well formed as
a suitable food and shelter for the PBW larval stage. The accumulative day degree/
month at Kafr El-Sheikh were the highest ranges and ratio % and consequently pre-
ventive control measurements had to be applied against Pectinophora gossypiella in-
festation as early as possible for Kafr El-Sheikh cotton fields.

To manage the PBW control measurements, the day degree temperature should
be assesed in relation to the plant age and time of application in each of the three
tested ecosystems.

Our results were in agreement with the findings of Bariola (1973), Butler and
Hamilton (1976), Ashoket et al. (1977), Henneberry (1977), Moftah et la. (1988)
and Desuky (1994), they reported that heat units influence and govern to a great
extent the drastic changes in the population activity of PBW moths.

The effect of certain physical environmental factors on the
changes in the population density of Pectinophora gossypiella and
Earias insulana

The separate and the simultaneous effects of three main weather factors
namely “day maximum temperature", night minimum temperature and relative hu-
midity (RH%) on the changes in the population density of P.gossypiella and E.insulana
moths (as indicated by sex pheromone traps) throughout the years 1993, 1994 and
1995 in Gharbia and Kafr El-Sheikh were estimated. For Beheira only 1993 & 1994
seasons were considered.

The simple correlation values helped in detecting any apparent relationship be-
tween the dependent variable "y" and each of the corresponding independent "x"
variables (weather factors).
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The precise effect of each factor on the population changes of the target pests
was obtained by simply calculating the partial regression values. The partial regres-
sion values (b) are bound to indicate the average rate of change in the population due
to the unit change in any of the three tested factors, should the other two weather
factors remain constant around their respective averages.

Table 6. Accumulated number of PBW captured male moths and the corresponding ac-
cumulated day degree temperatures during 1993 and 1994 at Beheira Gov-

ernorate.
Accumulated | Actual number of Accumulated | Ratio of accumula-
Month |daily temperaure |  catch moths catch tive moths
1993 | 1994 1993 | 1994 1993 | 1994 1993 1994

Jan. | 24.8 89.9 0 0 0 0 0 0
Feb. | 22.4 58.8 0 0 0 0 0 0
Mar. | 49.6 99.2 6 8 6 8 0.1 0.12
Apr. | 192 258 120 111 126 119 3.7 3.4
May | 288 325.5 157 186 283 305 8.3 8.8
Jun. | 408 396 260 226 543 531 16 15.4
Jul. |458.8 | 474.3 490 528 1033 | 1059 30.4 30.8
Aug. |461.9 | 474.3 733 695 1766 | 1754 52.1 51.1
Sept.| 411 453 869 810 2635 | 2564 172 74.7
Oct. |362.7 | 409.2 591 721 3226 | 3285 92.2 95.7
Nov. | 234 162 147 131 3373 | 3416 99.5 99.5
Dec. [ 136.4 62 14 16 3387 | 3432 100 100

Pectinophora gossypiella

1. Effect of day maximum temperature: Table 7 shows the simple corre-
lation and partial regression values of this factor on the fluctuation in the number of
trapped moths. The correlation coefficient "r" values were positive and highly sig-
nificant (at 1 % level of probability) for the three tested localities (Gharbia, Kafr
El-Sheikh and Beheira). These "r" values infer that the relationship between moth
activity and the maximum temperature was generally positive during the whole per-

iod of the present investigation.

The partial regression values on this factor, along with its levels of probabili-
ty, Table 7, indicate a highly significant positive effect of this factor. This means
that the day maximum temperature was nearly around its optimum for the activity
of moth. Considering the average mean of this factor, Table 8, during the selected
period of activity, it appears that 30.6°C (the average for Gharbia and Beheira) and
27.3°C (for KAfr EI-Sheikh) were the optimum ranges of temperature for the activ-
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Table 7. The simple correlation and partial regression values of pink and spiny boll-
worm male moths on the three weather factors (Maximum, Minimum tem-
peratures and relative humidity) at the three tested localities during
1993, 1994 and 1995 seasons combined.

Insect Pectinophora gossypiella

Weather b SE t

Location | factors P Ev

Max. temp. 0.61**  13.078 3.10 38.16  0.001 37.1%
Gharbia | Min. temp.  0.74** 13.96 3.70 21.16  0.001 21.5%
RH% 0.76%** 7.64 6.10 18.55  0.001 18%
Total 76.6%
Max. temp. 0.77** 21.38 2.93 30.06 ‘0.00  49.2%
Kafr El Min. temp.  0.21ns  19.08 3.42 6.26 0.02 10.9%

Skeikh RH% 0.67 ** 8.43 3.15 0.062 0.80 0.1%
Total 60.2%
Max. temp.  0.73** 18.24 2.87 37.41 0.00 53.9%
Beheira | Min. temp. 0.21ns 14.53 3.42 0.41 0.5 0.6%
RH% 0.67** 9.49 5.08 7.45 0.01 10.8%
Total 65.3%

Insect Earias insulana

Max. temp.  0.66** 28.29 5.85 49.37 0.00 43.3%
Gharbia | Min. temp.  0.71** 33.88 5.27 8.55 0.005 7.4%
RH% 0.06 ns 2:52 6.07 12.36 0.001 10.8%
Total 61.5%
Max. temp. 0.71** 41.6 4.88 46.16 0.00 50.48%
Kafr El Min. temp.  0.72** 40.79 5.038 1.075 0.30 1.2%
Skeikh RH% 0.088ns -8.71 3.21 0.65 0.2%
Total 51.88%
Max. temp. 0.655** 61.2 5.69 37.77 0.00 42.8%
Beheira | Min. temp. 0.655**  66.09 527 0.819 .04 0.9%
RH% 0.088ns  9.12 517 5.5 0.02 6.3%
Total 50%
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ity of PBW moths in the three tested localities and average of 29°C could be consid-
ered as the optimum for the population activity of Pectinophora gossypiella moths.

2. Effect of night minimum temperatue: The simple correlation "r" and
the partial regression (b) values of the relationship between P.gossypiella moths ac-
tivity and the night minimum temperature, as shown in Table 8, indicate that 17.2°C
and 20.4°C averages of night minimum temperature in Gharbia and Kafr El-Sheikh
during the selected period of the three years combined demonstrated a highly signif-
icant positive relationship. For Beheira, the "r" value was insignificant, thus infer-
ring that this factor (average of 18.39C) represents the optimum night degree for
the population activity of moths. For Beheira, the night minimum temperature was
far or out the low level of temperature tolerant zone (generally negative). Consider-
ing the average mean of this factor, it appears that 18.3°C may be considered as the
lowest effective temperature zone for PBW moths.

3. Effect of daily mean relative humidity (RH%): The simple correla-
tion values, Table 7, indicate that daily mean relative humidity expressed a signifi-
cant relationship for Gharbia and Beheira and insignificant relationship for Kafr El-
Sheikh. The partial regression values indicate that 65.9% and 67.3%, averages for
Gharbia and Beheira were the nearest to the optimum figure for the flight activity of

" the moths, it also indicate that 72.2% average for Kafr El-Sheikh was around the
preferendum range for the degree activity of the PBW moths.

4. The combined effect of the three main weather factors on the
changes in Pectinophora gossypiella moths: Table 7 shows that the var-
iance explained % by the three factors combined was significant in the three tested
localities. The amount of explained variance by day maximum temperature was gen-
erally the highest followed by night minimum temperature and relative humidity
(RH%). The results indicate that in Gharbia, the day maximum, night minimum tem-
peratures and daily mean relative humidity demonstrated highest levels hence the
explained variance was 76.6% for the three weather factors combined and accord-
ingly, considered as the most important environmental factors influencing the activ-
ity of PBW moths. The explained variance in Kafr El-Sheikh came next in this re-
spect.

Earias insulana

1. Effect of day maximum temperature: Data in Table 7 indicate that the
correlation coefficient "r" values were positive and highly significant for the three
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tested localities; Gharbia, Kafr El-Sheikh and Beheira during the three years com-
bined. The partial regression values for this factor along its levels of probability in-
dicated the strong and positive effect of this factor (highly significant). The averag-
es of this factor were 26.49C, 23.7°C and 27.7°C in the three tested locations,
respectively and an average for the three localities equal to 26°C is still far from
the optimum temperature degree to the population activity of SBW moths.

2. Effect of night minimum temperature: The simple correlation "r" and
the partial regression (b) values of the preliminary relationship between E.insulana
and the night minimum temperature are shown in Table 7. The estimated 13.7°c,
16.99C and 16.8°C averages of this factor seem to be quite near the preferendum
range for night minimum degree of temperature for this nocturnal moth in Gharbia,
Kafr El Sheikh and Beheira, respectively during the selected perio_d of activity and
15.80C is accordingly considered as the lowest effective degree of night minimum
temperature.

3. Effect of daily mean relative humidity (RH%): The simple correla-
tion values, Table 7, indicate the insignificant effect of the daily main relative hu-
midity and the corresponding number of captured male moths in the three tested lo-
cations during the three seasons combined. The significant partial regression values
indicate that an average of 68.5, 72.7 and 72.2% for the daily mean relative humid-
ity in the aforementioned three localities were quite close to the optimum humidity
for the activity of E.insulana moths.

4. The combined effect of the three main weather factors on the
changes in the population activity of the spiny bollworm moths

Table 7 shows that the variance explained by the three weather factors was
the highest in Gharbia ecosystem. The amount of explained variance by day maxi-
mum temperature was generally the highest one. The results also reveal that, in the
three tested localities, day maximum and night minimum temperatures are the most
influencing environmental physical factors, thus governing the popﬁlation activity of
Earias insulana moths during the whole period of the present investigation.

The partial regression, however, on any factor indicates the average effect of
the unit change in each, of the considered factors. The prevailing day maximum tem-
perature, night minimum temperature and daily mean relative humidity appear to be
the most important weather factors influencing the activity of pink and spiny boll-
worm moths in the three tested different localities at Delta area. The greater por-
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tion of the variability in activity of moths during the three years combined of the
present investigation was due to the combined effect of the three tested weather
factors.

Most of the calculated explained variance % by these factors combined on the
activity of each bollworm were significant. Thus, charifying the close relationship
between the activity of bollworm moths and the weather factors tested.

The influence of each factor and the combined effect of the three weather
factors, were markedly variable from one locality to the other. Gharbia district
demonstrated the highest explained variance % (76.6% for PBW and 61.5% for
SBW) from the one hand, while on the other, maximum day temperature underwent
the highest level of effect.

Such dissimilarity in the effect of the three weather factors is attributed to
one or more of the following reasons;

i. The strong interrelationship between the three tested weather factors; ii.
the irregular effect of other physical environmental factors on them (not considered
in the present analysis); iii. The effect of the population trend (cycles).

The day maximum temperature, the night minimum temperature and RH% ap-
peared to be the most important weather factors governing the activity of both pink
and spiny bollworm moths in the present investigation.

The three factors showed a positive effect in the different tested localities
for the three years combined. The positive influence was either highly or insignifi-
cant.

Generally speaking, the effect of the three weather factors combined was rel-
atively the highest for Gharbia, while the corresponding population size of SBW was
on the contrary the least. A similar trend could still be observed for PBW. These re-
sults suggest that the rather highly explained variance % for the three weather fac-
tors was supported by the bioenvironmental factors in the same ecosystem. This
prevent the expected population build up of both pink and spiny bollworm moths and
accordingly their growth was quite low. The occurrence of earlier warm spans in
Upper Egypt during Spring months encouraged the earlier occurrence of SBW moths
in cotton fields before PBW moths. From the data in Tables 7 & 8 it appear that the
tolerant zone of temperature for the population activity of PBW moths consists of
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minimal 16°C temperature degree nd maximal degree of 29.9°C. Temperature with
an average degree of 25°C as the prefer degree for the activity of PBW moths.

For the spiny bollworm, these effective thermal values were estimated as
15.89C for the minimal and 26.6°C for the maximal effective temperatures. An av-
erage of 23°C temperature may be considered as the optimum for SPW activity.

From the economic point of view, the moths of PBW emerging during Febru-
ary, and up to May are of no significant value specially in the Delta, since their most
favorable plant stages i.e. squares, flowers and green bolls have not yet occurred.
In the mean time, the different stages of Pectinophora gossypiella need larger accu-
mulative thermal units for completion of its field generations than that needed for
SBW field generations. In Upper Egypt, such an early emergence and reliable occur-
rence of SBW in cotton fields could be attributed to the favorable environmental con-
ditions prevailing throughout the cotton growing season. A conditionales favourate if
compared with PBW moths.

A careful examination of the data in Tables 7 and 8 shows that the readings
for the three factors at Beheira were markedly higher than the corresponding fig-
ures for Kafr El-Sheikh and Gharbia, in the mean time the number of captured moths
during the corresponding period was again fairly higher in Beheira than Kafr El-
Sheikh and Gharbia. The results suggested that the least range daily temperature
prevailing (6.9°C) in Kafr El-Sheikh encoureged the reliable occurrence of moths
than that observed for Beheira and Gharbia ecosystems. A further examination of
the data in Tables 7 and 8 shows that the total number of trapped moths was rather
high when the corresponding explained variance % was comparatively low and this
rﬁay be attributed to the : i. The fairly weak effect of the considered weather fac-
tors (independent factors); ii. The wide use of insecticides affecting the unreliable
role of the related biological agents; iii. The favorable weather conditions prevailing
from April to September, encouraging the reliable abundance of bollworm moths in
cotton fields. The amount of changes in the maixmum day temperature, night mini-
mum temperature and daily mean relative humidity (RH%) required to alter the
catch of either pink and spiny bollworms when the tested factors remain constant
around their averages, Tables 7 and 8. The data in these Tables infer that the unit
increase of the day maximum temperature from the general average was 18 moths/
trap/week. The results obtained here are in harmony with those obtained by Butler
and Hamilton (1976) and Ashok et al. (1977), they conculded that 26°C seems to be
optimum for the frequency of mating and level of duration. Henneberry et al. (1977)
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confirmed the present results and stated that at 320C seems to be optimum for the
frequency of mating and leve! of duration. Henneberry et al. (1977) confirmed the
présent results and stated that at 32°C the reproductive ratio for Pectinophora gos-

sypiella reached the lowest level.

From the above results, it could be concluded that, our findings were in close
agreement with the findings of Omar (1980), Khaliq and Yousaf (1986), Gills and
Sidhu (1986-1989), Chu and Henneberry (1990), Hussain (1990) Taman (1990) and
Hamid (1994).

Table 8. The average mean of pink and spiny bollworm captured male moths and the
corresponding averages of day maximum, nigth minimum temperatures
and relative humidity (RH%) during 1993, 1994 and 1995 seasons com-
bined at the three tested locations .

Insect Pectinophora gossypiella
. Average mean Average mean Average mean of  Average mean
Location | of captured of day maximum night minimum  of daily relative
male moths temperature temperature ‘humidity (RH%)
Gharbia 138.3 30.6 17.2 65.9
Kafr El 168.1 27:3 20.4 72.3
Skeikh
Beheira 114.4 30.6 18.3 67.3
Insect Earias insulana
Gharbia 252.7 26.4 13.7 68.5
Kafr El 281.3 23.7 16.9 72.7
Skeikh
Beheira 494.4 27.7 16.8 2T
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