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Abstract

The combined effect of the three weather factors (temperature,
photoperiod and relative humidity) on perceniage of diapaused pupae of
Lobesia botrana was estimated under field conditions. Percentage of dia-
paused pupae were highly influenced by daily means of both temperature
and photoperiod, while relative humidity had no effect on active or dia-
paused insects. Long days (16 L : 8 D), especially when combined with
high temperature, increased the rate of diapause development and de-
creased the time to subsequent adult emergence. Also, the exposure of
diapaused pupae to low temperature (10°C) for 15 days then reared at
252C and long photoperiod of 16 hrs. till emergence significantly short-
ened the pupal duration, but did not affect the pupal mortality. Diet and
temperature may exert an effect on the percentage of pupae that enter
diapause, however, these effects were not readily apparent except under
short days less than 12 hours illumination.

INTRODUCTION

The ecclogy of insect diapause had been extensively studied, but most of the
available data had been obtained for species evolved in temperature regions {Andre-
wartha, 1952; Lees, 1955; Beck, 1968). Such species were subjected to mark season-
al changes in photoperiod and temperature.

Experiments usually showéd that photoperiod was the principal factor regulating
diapause induction; while temperature influenced the range of inductive photoperiods.
The relationship between climate and diapause of tropical insects had not been as thor-
oughly studied {Danilevskii, 1961).

Relatively minor seasonat changes in day length occurred in tropical and subtropi-
cal latitudes. These changes in day length, however, may serve to programme the de-
velopment of some species (Norris, 1959; Zohdy and Abou El-Ela, 1975). Other climat-
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ic factors such as temperature and rainfall may play a more dominant role in regulating
the onset and termination of diapause {(Van Der Laan, 1959}.

According to the previously mentioned discrepancies in fiterature, the present
study was undertaken to obtain further data about environmental factors (tempera-
ture, food and photoperiod) which regulate pupal diapause induction and development
of European grape berry moth, Lobesia botrana Den and Schiff.

MATERIALS AND METHODS

A. Diapause Induction: Four series of experiments were carried out at four differ-
ent photoperiod conditions. These were; 0 hour light: 24 hours darkness (OL : 24 D),
(8L:16D), {(10L: 14 D) and (16 L : 8 D). In each series, numbers of newly deposit-
ed eggs viere allowed to develop tilt the adult stage under the same light conditions.
On haiching, groups of 25 larvae for each were kept in a petri dish and fed on fresh
grape berries. These larvae were kept under continuous cbservation till pupation. Newly
formed pupae were daily cotlected and soon after emergence the adults were counted.
Pupae were considered in a state of diapause 30 days after pupation and percentages
of diapaused and undiapaused pupae under the four tested photoperiods were calcu-
jated.

B. Diapause Termination: To test the effect of kinds of food {(grape berries and
lettuce leaves) in diapause termination, two series of newly deposited eggs were al-
lowed to develop either on lettuce leaves or on grape berries and percentages of dia-
paused pupae were estimated.

The role of low temperature in diapause termination was also tested. Diapaused
pupae were kept for 15 days at 10°C, then kept at 25°C and continuous darkness (O L
: 24 D) till emergence. The pupal duration of the diapaused pupae was calculated.

The effect of day length in diapause termination was also studied by comparing
the percentage of diapaused pupae reared under long day (16 L : 8 D}, intermediate
(12 L : 12 D) and complete darkness (0 L : 24 D). Also, pupae were estimated under
two degrees of temperature (182C and 25°C).

Thi newly formed pupae, in the insectary allover the year and especially during
October, November, December, January and February, were kept under the prevailing
natural conditions of temperature and photoperiod till moth emergence and the mean
diapause pupal duration was then calculated.
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The combined effect of the weather factors (temperature, relative humidity and
photoperiod) during the diapause period (October — February) and the ictive period
{March - September) was estimated by working out the partial regression (c-multiplier
formula)} adopted by Fisher {1950). The effect of daily means of temperature, R.H.%
and photoperiod on moth emergence during both diapause and active periods was also
estimated by using the correlation coefficient and partial regression values.

RESULTS AND DISCUSSIONS

A. The Induction of Diapause: In nature, diapause in L. botrana wis restricted
to pupae formed after the end of September that was determined by decrgzasing natu-
ral photoperiods shorter than 12 hours. On the other hand, it could be prevented by a
gradual increase in photoperiod from 12 to 15 hours. The newly formed pupae in insec-
tary during autumn/winter months {October — January) were kept under natural condi-
tions of temperature, then photoperiod prevailing at that time of the year till moth
emegrgence. Then, the mean diapaused pupal duration (30 days or more without emer-
gence) was calculated, Table 1. The duration of pupae resulted from larva2 pupated in
insectary decreased from 132.6 days in October to 73.7 days in January under natural
conditions prevailing at that time of the year. The same Table showed also that dia-
paused males emerged from pupae earlier than female moths.

1.The combined effect of three weather factors: The simultaneous ef-
fect of daily means of temperature, relative humidity and photoperiod on percentage
of diapaused pupae of L. botrana was given in Tables 2 and 3.

It was found that the role played by the three weather factors was much pro-
nounced during the first period (15! October to 315! March) where the three climatic
factors were responsible for 88.87% of the total variance, Table 2. In the second peri-
od (from 15! April to 30%' September), the three tested weather factors showed
53.14% explained variance Table 3. '

a. Effect of daily mean temperature: Datain Tables 2 and 3 clearly indicate
that the daily mean temperatures showed a highly significant value in the first period
(October-March) which was characterized by low means of temperature, i.e. low tem-
perature of that pericd was responsibie for induction and maintenance of diapause. On
the other hand, during the period from April-September, where the temperature was
relatively high, this factor gave insignificant value, i.e. the high temperature of the peri-
od was responsible for normal active development.



Table 1. Duration of diapaused pupae and pupal montality of L. botrana reared in insectary under natural conditions prevailing during
winter months (October — January).

. . /] . .

Months Sex Pupal duration in days Average PPuPal Temperature ("C)  Mean photoperiod in

Min. Max Mean+SE mortality  Min. Max Mean hours / minutes

October —Male 36 179 1241478 1356 1325 2470 2743 26.07 1 41
Female 50 179 141.2+8.7

November — Male 31 177 1167248  ,0a5 843 2040 2236  21.38 10 49
Female 31 162 130.3+2.8
107.743.7

December —ae 43 128 = 111 725 1733 1878  18.06 10 18
Female 65 131 114.3+3.4

January —ale 31 98 99633 a7 1111 1050 178 1415 10 21
Female 55 98 77.842.6

0001
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Table 2. Effect of daily means of temperature, relative humidity and photoperiod on
percentage of diapaused pupae of L. botrana during the period of October-

March.
. %of diapaused Daily means of
Period ‘
Pupae Temp.(°C} R.H% Day length
(rnin)
1-15 Qct., 1982 15.56 27.45 70.95 711
16- 31 Oct 23.7 26.50 71.25 690
1-15 NOv 33.9 25.63 70.80 659
16-31 Nov 42.3 23.28 72.28 639
1-15 Dec 60.2 2227 74.13 622
16- 31 Dec 596 18.90 75.22 613
1- 15 Jan., 1983 53.0 18.92 72.85 616
16- 31 Jan. 53.0 . 16.93 78.15 625
115 Feb. 52.0 16.77 74.90 646
16-28 Feb - 47.7 17.98 76.98 670
1-15 Mar 45.9 17.83 69.31 631
16-31 Mar. 396 17.77 78.20 718
Simple correlation {r ) -0.76 +0.49 076
Partial regression (b) -2.04 -0.01 -0.22
Total explained variance (E.V.%) 88.87%
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Table 3. Effect of daily means of temperature, relative humidity and photoperiod on
percentage of diapaused pupae of L. botrana during the period of April-

September.
% of Daily means of
Period Diapaused Temp.(C}) R.H% Day length

Pupae {min)
1-15 Apr., 1983 18.7 20.02 70.53 750
16-30 Apr. 4.6 22.37 7023 771
1-15 May 0.0 22.48 65.93 801
16-31 May 0.0 25.33 69.14 8§19
1-15 Jun 0.0 27.62 75.93 837
16- 31 Jun 0.0 29.33 70.89 845
1-15 Jul 0.0 30.70 61.20 843
16- 31 Jul. 0.0 30.43 66.65 833
1- 15 Aug 0.0 30.68 71.20 816
16- 31 Aug. 0.0 29.98 73.27 794
1-15 Sep. 0.0 29.00 74.10 765
16-30 Sep 0.0 28.18 73.65 743
Simple correlation (r) -0.70 +0.11 -0.50
Partial regression (b) .0.84 -0.08 -0.04

Total expliained variance {(E.V.%}) 53.14%
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b. Effect of daily mean relative humidity: The daily mean relative humidity
yielded positive insignificant values. The partial regression was negative and insignifi-
cant in the first and second periods of the year. From these results, it could be con-
cluded that the relative humidity had no effect on active or diapaused insects

c. Effect of daily mean photoperiod (day length): The highest influence
of the day length on the percentage of diapaused pupae of L. botrana was achieved in
the first period (October — March), Tables, 2 & 3. Both correlation coefficient (r) and
partial regression (b) values were highly significant during this period. On the other
hand, this factor had no effect in the second period (April-September) i.e. the most im-
portant factor in induction of pupal diapause during the period (October-March) was
the short day lenglh prevailing during this time of the year. In this respect, Roehrich
{1969) recorded that with L. botrana diapause happened in the pupal stage when half
of the larval stage was spent under short day conditions, but photosensitivity was not
limited to any particular part of the stage diapause occurred whenever the total num-
ber of days spent under short day conditiocns exceeded the total number spent under
long day conditions.

B. The Termination of Diapause:

a. Effect of photoperiod: Table 4 showed that, at 25°C, the average delay of
emergence (pupal duration) under long photoperiod (16 L : 8 D) was 79.98 1. 1.7 days.
It was 104.8 + 6.4 days at intermediate photoperiod of 12 L : 12 D and 103.83 + 2.4
at complete darkness (O L : 24 D).

The time taken for 50% emergence at 25°C was 81 days at long protoperied
and 106 days at complete darkness. Also, 101 days were needed for 90% emergence
at long photoperiod and 123 days at complete darkness.

b. Effect of low temperature: Partial elimination of this diapause may be
brought about at 10°C for 15 days then transferred to 25°C. The average delay of
emergence al that condition was significantly short, i.e. 43.7 + 11.3 days and 50% of
the diapaused pupae could emerged after a delay of only 15 days after the exposure to
low temperature (102C) for 15 days, Table, 5. On the other hand, the duration of expo-
sure to low temperature was not significant and should be lengthened to several
months at this temperature, for the time taken for 90% emergence at this condition
was 123 days.
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Table 4. Effect of photoperiods on diapause termination of L. botrana at 25¢C,

) Pupal duration (in days) Emergence .
Photoperiod ™ ™ Mean + SE 0% S0 Mortality
16L:8D 47 113 7998 +17 81 101 30
12L:12D 51 147 104.8 + 6.4 86 119 22
OL:24D 57 170 100.8 + 24 106 123 286
"F" value 6.2
Significance evel : highly significant at 1%

Table 5. Effect of temperature on diapause termination of L. bofrana.

“hotoperiod Pupal duration(in days) Emergence
Temp.’C - Mortality
Min, Max, Mean + SE 50% 90%

25 16L:80 47 113 7998 +17 81 101 30
18 16L:8D 78 237 1427 + 4.1 149 184 17
10 OL:24D 1 151 437+ 113 15 123 28

"F" value 6.3

Significance level - highly significant at 1%

Tabie 6. Effect of food on diapause termination of L. bofrana under 25°C and 0L:24 D

phiotoperiod.
Pupal duration {in days) _
Offerred food - - Mortality %
Min. Max. Mean + SE
Grape berries 32 138 102.79 + 2.5 11.11
Lettuce leaves 32 135 81.52 + 3.8 20
"F" value 4.7
Sigrificance level : highly significant at 1%
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The percentage moralities at 25°C was 30 and 28.6% under long photoperiod
{16 L : 8 D) and complete darkness (O L : 24 D). On the other hand, the exposure of
diapaused pupae to low temperature for 15 days then reared at 25°C till ernergence
did not significantly affect the pupal mortality, Table, 4. Relatively low temperature
(182C) was found to be suitable for diapause because lower mortality (17%) was re-
corded and the delay of emergence was also considerably long (78-237 days) with a
mean of 142.74 + 4.1 days at this temperature.

c¢. Effect of food plants: Larvae were reared from the egg stage at 25°C and
green leaves of Iettuce or grape berries were selected for testing the effect of food on
diapause termination. The average pupal durations and percentage mortality associated
with different types of food were recorded in Table 6.

From the Table it was obvious that the shortest pupal dufation {81.22 + 3.8
days) was associated with individuails reared on lettuce. They were subjected to slightly
higher mortality during their pupal stage (20%).

The results of pupal duration of those reared from the egg stage on letiuce or
grape berries were significantly analyzed and the difference in the average duration of
pupal stage of both sexes reared on lettuce or grape berries was highly significant and
it seems that food constituents offered to larvae play a role in diapause termination.

Petry et al. (1963) stated that diet and temperature may also exert an effect on
the percentage of the population that entered diapause, however, these effects were
not readily apparent except under short days. Under inductive photoperiods the great-
est incident of diapause in the pink bollworm occurred in populations reared under the
coolest temperature on diet having the greatest ¢il content.
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