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ABSTRACT

The vedalia predator Rodolia cardinalis considered as a main natural enemy
for the biological control of mealy bugs, Icerya purchasi, |I. aegyptiaca and I.
seychellarum. Laboratory studies were conducted to determine the effect of cold
storage on the developmental stages of R. cardinalis. Eggs of the predator were
stored for 5, 10, 15 and 20 days at 6, 10 and 14 °C, , larval instars were stored for 5,
10, 20 and 30 days at 10 and 14 °C. R. cardinalis pupae were stored 5, 10, 20, 30
and 40 days at 6, 10 and 14 °C, while adults were stored for 5, 10, 20 and 30 days at
6 and 10 °C. Hatchability percentage of eggs decrease with the increase of storage
period at 6°C, it averaged 84 +10.2 (eggs one day old) and 78 + 11.6 (eggs two days
old) after 5 day of storage at 6°C, however at 6°C and 10°C eggs one and two days
old, no egg hatching was observed after 25 days of storage. All eggs held for 25 days
at 6°C and 10°C failed to hatch. The survival of third and fourth instar larvae stored at
6°C and 10°C was higher than the first and second instar. The fourth instar larvae of
R. cardinalis were the most tolerable for cold storage. These results also provide
novel findings that the fourth larval instar and eggs of R. cardinalis can be stored for
twenty days at 10 °C, adult and pupae stored at 6 °C for twenty days with no reduction
in viability for each stage. The results indicate that a cold storage of R. cardinalis
could be used for maintaining and accumulating these predators during mass
propagation for release in a biological control program and increasing the shelf-life of
predators in clean agriculture.
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INTRODUCTION

Vedalia  beetle, Rodolia cardinalis (Mulsant) (Coleoptera:
Coccinellidae), has been a primary natural enemy regulating populations of
cottony cushion scale, Icerya purchasi Maskell (Homoptera: Margarodidae) in
California since it was introduced in the winter of 1888-1889 from Australia
(Caltagirone and Doutt, 1989; Doutt,1964). It provides excellent biological
control of cottony cushion scale because of its high reproduction rate, rapid
development, and host specificity (Quezada and DeBach, 1973).

Storage of natural enemies assure their availability in sufficient number
at the time of release. Therefore, the development of storage techniques for
biocontrol agents is considered of utmost importance to provide flexibility and
efficiency in mass production, to synchronize a desired stage of development
for peak release, and to make available standardized stocks for use in
research (Greenberg et al., 1996; Leopold, 1998; Ravensberg, 1992).
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Storage techniques must ensure the availability of natural enemies quality
(Bigler, 1994). Integration of cold storage of predaceous insects with mass
rearing of them, could help in achieving the main purpose of biological control
(Abdel-Salam, 2001). Long-term storage could aid in the cost-effective mass
production of beneficial insects. Pre-conditioning, insect developmental stage
and environmental conditions should be considered when selecting storage
conditions in order to obtain the highest performance after storage (Coudron
et al., 2007). Efficient storage of this biological control agent could improve its
current production and use. Cold storage can permit a cost-effective
production schedule, providing a means to conserve biological control agents
when not immediately needed (Pitcher et al. 2002, Ayvaz et al. 2008, Kui et
al. 2014). The purpose of the proposed project was to determine the effect of
cold storage on the aviability of different stages of vedalia beetle, Rodolia
cardinalis .

MATERIALS AND METHODS

Cold storage of egg stage.

A laboratory culture of R. cardinalis, was initiated by collecting its
pupae from Ficus nitida trees free from any insecticide application. Collected
pupae were placed in petri dishes at 25 +1 °C and 70 + 5 % R.H. in an
incubator till adult emergence, then adults were fed on I. seychellarum. Newly
deposited predator eggs were daily collected. Eggs of each one day and two
days old were divided into three groups, each group consisted of 250 eggs.
The egg groups were stored at 6, 10 and 14 °C, respectively while the
photoperiod was 16:8 L:D. At five days intervals, 50 eggs of each group (10
eggs/ petri-dish, and replicated five times), were transferred gradually from
the storage temperature (6, 10, 14°C) and incubated at 25°C. Therefore
percentage of hatchability were observed and recorded. This procedure was
maintained after 10, 15 and 20 days from storage.

Cold storage of larval stage

Five larvae of the predator were placed in petri-dish, and replicated
five times for each instar. The larvae were held at two constant temperature
6°C and 10 °C and 16:8 L:D. After the storage periods (5, 10, 20 and 30
days), all larval instars were transferred to an incubator at 25°C and fed on
I. seychellarum. Moreover, survival percentage and percentage of larvae
transformed to the next instar were calculated and recorded until pupation.
Cold storage of pupal stage

Newly pupae of R. cardinalis were placed at 25°C for one day, then
transferred to incubators that held at 6, 10, 14 °C and 70 + 5 % R.H. with
L:D 16:8 for 5, 10, 20, 30 and 40 days. Twenty pupae were held at each
temperature and storage period. With cach of storage time, the pupae were
transferred gradually to 25°C, 70 £ 5 % R.H. and L:D 16:8. Thus, pupal
duration, adult emergence percentage was recorded. Immediately after adult
emergence, adults were reared on |. seychellarum in order to determine their
fecundity, longevity and survival.
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Cold storage of adult stage

A laboratory culture of R. cardinalis, were initiated from pupae collected
from Ficus nitida trees free from insecticides. Since the pupal stage was the
most abundant stage, individuals of the pupal stage were collected and
placed in petri-dishes at 25°C and 70 £+ 5 % R.H. in an incubator till adult
emergence and fed on I. seychellarum. Newly emerged adult of R. cardinalis
fed on I. seychellarum for one day at 25°C, were transferred to incubators
held at 6, 10°C, 70 + 5 % R.H. and L:D 16:8 for 5, 10, 20, 30 days and feded
on |. seychellarum . Twenty adults held at each temperature and storage
period, were transferred to 25°C, 70 £ 5 % R.H. and L: D 16:8 and reared on
I. seychellaru. Percentage of survival fecundity and longevity were
determined.
Statistical analysis :

The obtained data was statistically analyzed by using one way ANOVA;
(Cosstat, 1990).

RESULTS AND DISCUSSION

Cold storage of egg stage.
1. Storage of newly deposited eggs.

Results in Table 1 show, the % of hatchability decrease with the
increase of storage period at 6°C, it averaged 84 +10.2, 76 + 4.8, 74 + 10.12
and 14 + 12.6 after 5,10,15 and 20 days of storage, respectively. There was a
significant difference in % of hatchability resulting from eggs stored for 5, 10,
15 and 20 days. At 10°C the % of hatchability were 86 + 4.8, 94 + 4.8, 82 £
7.48 and 90 * 0.6 for storage periods of 5, 10, 15 and 20 days, respectively.
No difference between % of hatchability within storage periods. Meanwhile at
14°C, % of hatchability was 94 + 0.8, 82 £ 16 and 80 + 4 % for storage
periods 5,10 and 15 days, respectively. Eggs storage at 14°C for 20 days
hatched during storage period.

2. Cold storage of two days deposited eggs.

Results in Table 1, show that the % of hatchability at 6°C were 78 +
11.6, 80 + 6.32, 70 + 8.9 and 44 + 12.6 for storage periods 5, 10, 15 and 20
days, respectively. On the other hand at 10°C the % of hatchability were 96 +
4.8,84 +0.8,94 + 0.8 and 92 + 7.4 for eggs stored for 5,10,15 and 20 days,
respectively. There were no significant differences among % of hatchability
within storage periods at 10 °C (Table 1). Regarding to 14°C, % of
hatchability were 74 + 10.2, 86 £ 8.0 and 83 £ 5 % for storage periods 5,10
and 15 days, respectively. These data indicated that, long term cold storage
at 10°C lead to significant reduction in percentages of hatchability. In
conclusion, it is clear that eggs (two days old) can be stored for 20 days with
92% hatchability. These results disagreed with Abdel-Salam and Abdel-Baky
(2000), noted that 65% of C. undecimpunctata eggs (7 days stored at 6°C)
hatched, meanwhile eggs resulting from a storage period of 15 days did not
hatch. These results came in the same line with Montgomery et al., (2002)
who noted that the hatchbility of Scymnus ningshanensis eggsstored at 6°C
for two week not affected , but longer storage reduced percent hatched of
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eggs and was zero after 5 week of storage. Eggs of Eriopis connexa
(Coccinellidae) could not kept for more than one day at 4°C without incurring
30% mortality; after 14 days mortality was 83% (Miller, 1995).

Table (1): Effect of cold storage on hatchability percent of R.
cardinalis eggs.
Period Hatchability (%)
Storage -
from periods Temperature regimes LSD
ovi. 6°C 10°C 14°C
@ 5days |[84+10.2aab|86+4.8aabc| 94+0.8ab | 17.2790
S5 |10days | 76+4.8aab [94+4.8aab| 82+ 16aab | 21.7432
©© |15days | 74+10.2ab |82+748ac| 80x4ab |21.2213
©) 20days | 14+10.2ad |90+0.6babc| = ----- 20.1323
@ S5days |78+11.6bab| 96+4.8aa |74+10.2ba| 20.2615
S5 |10days |80+6.32aab|84+0.8abc| 86+8aab |16.1631
g © |15days | 70+89bb |94+08aab| 83+5ab |20.1323
~ 20days | 44+126ac |92+x74aabc|  ---- 15.327
Control 93.6 £6.34a |93.6+6.34abc|93.6 £ 6.34 ab

LSD 14.328 9.49625 15.9814 | -----—---

Means followed by the same letter in a row or the same italic letter in column are not
significantly differences at 5% level of probability (Duncan's Multiple RangeTest)

Effect of cold storage and storage periods on survival rate of Rodolia
cardinalis larvae.
1. Storage at 6°C.

Data presented in Tables (2 & 3) show that, percentages of larval
survival four 1* were 90 + 10, 80 + 14.4 and 0.0 % for storage periods 5, 10
and 20 days, respectively and 75 £ 8.6, 30 + 10 and 0.0% of these larvae
reached to adult stage after storage periods of 5, 10 and 20 days,
respectively in comparison with 70 + 10 for control (unsorted) (table 3).
Survival rate of second larval instars recorded 100, 45 + 8.6 and 0.0% after 5,
10 and 20 days of storage and 85 + 8.6, 45 + 8.6 and 0.0 of these larvae
reaching to adult after the same periods of storage, respectively. Whereas
survival rate of third and fourth instar larvae was close to 100 % for five days
of storage, meanwhile after 10 and 20 days of storage survival were 90 +
17.3 and 95 + 8.6, 35 £ 25.9 and 90 + 10.0 for third and fourth instar larvae,
respectively. Third larval instars storage for 20 days failed to reach adult
stage, meanwhile 85 + 8.6 of fourth larval instar stored for 20 days, reached
to adult stage. The survival rate of third and fourth instar larvae was 0.0 after
30 days of storage.

2. Storage at 10°C.

Data in Tables 2 & 3 show that, survival of the four larval instar of R.
cardinalis recorded 100% after five days and 90 + 10, 100, 100, 100 and
100% of these larvae succeeded reach to adult stage, whereas after 10 days
of storage, survival lasted 90 * 10, 80 £ 5.0, 100 + 0.0 and 100 + 0.0 % for
the four larval instars, respectively and 65+ 16.5, 60 . 14, 100 and 100% of
these larvae reached to adult stage. Meanwhile the survival percentage of
the four larval instars after 20 days of storage recorded 0.0, 0.0, 85 + 8.6 and
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100 %, respectively. When first, second and third instar larvae held at 10 °C
for 30 days survival percentages were 0 %, meanwhile the survival of fourth
instar larvae recorded 95 * 8.6 % from the same period of storage and 45 +
8.6 of these larvae reached to adult stage. It can be concluded however, that
the fourth larval instar can be stored for 20 days at 10 °C safely with no effect
on survival and adult emergence.

After 15 days of storage C. undecimpunctata larvae lasted 0, 10, 15
and 15% for first, second, third and fourth larval instar at 6°C and no larvae
survival after 30 days of storage (Abdel-Salam and Abdel-Baky ,2000). These
results are in agreement with (Gagne and Coderre 2001) on the coccinellid
Coleomegilla maculata lengi . Survival was close to 100% for the first two
weeks of storage, but decreased drastically afterward and was 0% after 5
weeks, when the larvae returned to 24°C.

Table ( 2): Effect of cold storage (6C° and 10C°) and storage periods on
survival of R. cardinalis larvae.

Larval Storage periods (days)

Temperature instars Check | LSD
5 10 20 30

6C° First 90+10ab [80+14.14b] 0.0c 0.0c 100a | 13.48
Second | 100+0.0a | 45+8.6Db 0.0c 0.0c 100 a 7.78
Third 100+ 0.0a |90+ 17.3a|35+259b| 0.0c 100a | 21.66
Fourth 100+0.0a | 95+8.6a | 90+10b 0.0c 100a | 10.29
10C° First 100+0.0a | 90+ 10b 00c 0.0c 100 a 7.78
Second | 100+0.0a | 80+ 0.0b 0.0c 0.0c 100 a 7.78
Third 100+ 0.0a |100+0.0a| 85+8.6b | 0.0c 100 a 6.74
Fourth 100+ 0.0a {100+ 0.0a|100+0.0a[95+8.6 a2l 100 a 6.74

Means followed by the same small letter in a row are not significantly differences at the
5% level of probability (Duncan's Multiple Range Test).

Table (3 ): Effect of low temperature (6C° and 10C°) and storage periods

on adult emergence from the stored larvae of R. cardinalis.

Storage periods (days)

Temperature _Larval Check |LSD
instars

5 10 20 30

First 75+86a| 30+10b 0.0c 0.0c [70+10.8al 12.9

Second |85+86a| 45+86b | 00c 00c |85+86a|11.67

6c* Third 100+0.0a|l 90+10a 0.0b 0.0c 100 a 10.29
Fourth |100+0.0a|90 +10.3ab|85+8.6b| 0.0c 100 a 10.92

First 90+ 10a | 65+16.5b 0.0c 0.0c |70+108Db|12.96

10C° Second [100+0.0a| 60+14c 0.0d 0.0d |85+8.6 b|12.90

Third 100+0.0a| 100+0.0a |75+86b| 0.0c 100 a 6.74
Fourth |100+0.0a| 100 +0.0a |100+0.0a({45+8.6b| 100a 7.78

Means followed by the same small letter in a column are not significantly differences at
the 5% level of probability (Duncan's Multiple Range Test).
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Effect of low temperatures and storage periods on biological characters
of pupal stage of R. cardinalis
1. Storage at (6°C)

Data presented in Table 4 show the biological characters of adult
emerged from pupae subjected to 6 °C for different periods. Regarding adult
emergence, there is no difference of this ratio when pupae stored for 5 days
compared with check treatment,

When the adult emergence reached 100%. Meanwhile, adult
emergence decreased gradually with increasing the storage periods in
comparison with check. Percentage of adult emergence reached 90 + 12.24,
80 + 18.7, 45 + 18.7 and 30 + 2.9% when pupae were stored for 10, 20, 30
and 40 days, respectively. Increasing the storage periods for (40-days) led to
malformed adults, whereas no egg oviposition was noted. Significant
differences were found among percentage of adult emergence from stored
pupae for 5, 10, 20, 30 and 40 days and check (unstored), but there was
insignificant differences among control, storage periods for 5, 10 and 20
days. Also there was insignificant differences between 30 and 40 days. The
pre-oviposition of female resulting from storage conditions were 3.4, 3.6, 4,4
and 7.4 days for control, storage periods of 5, 10, 20 and 30 days,
respectively. Oviposition periods of females emerged from pupae subjected
to 6 °C for 5, 10, 20 and 30 days were 31.6, 26, 30 and 26.2 days in
comparison with 33.8 days / a control female (unstored). There was an
insignificant impact on the oviposition period of female between any
treatments.

The fecundity of females resulting from pupae subjected to storage
condition were 127.4, 96.8, 81.8 and 20.4 eggs for storage periods of 5, 10,
20 and 30 days, while for control was 255 egg. There was a significant impact
between the control and other treatments, meanwhile there was no significant
effect on the fecundity of female resulting from pupae stored for periods 5, 10
and 20 days, respectively.. The male longevity were 31 + 7.12, 18.4+ 1.6,
18.2 + 5.2, 17.8 + 5.34, 12 + 5.2 and 3.5 + 0.7 days for control, storage
periods 5, 10, 20, 30 and 40 days, respectively. There were significant
differences between control and storage periods for 5, 10, 20, 30 and 40 days
of storage on male longevity.

2. Storage at 10°C.

Data in Table (5) shows that the % of adult emergence from pupae
stored at 10°C was 95 £ 5, 100, 90 = 20 and 85 + 10 for storage periods of
5, 10, 20 and 30 days, respectively. The duration of the pupal stage
decreased as the storage period increase from 5 to 30 days, it was 5 + 0.0,
3.6 £1.01, 2.4 + 0.48 and 0.8 + 0.48 days for storage period 5, 10, 20 and 30
day, respectively compared with 7.6 + 0.48 days for control. There were
significant differences between pupal stage in the control and in the storage
periods. The pre-oviposition of female resulting from storage conditions were
4.8+ 0.4,5.6 +7.85,5.8+1.46 and 5.8 + 7.6 days for storage periods 5, 10,
20 and 30 days, respectively. There were insignificant differences for pre-
oviposition between storage periods. The oviposition periods were 30.2 +
7.33,19.8 + 10.8, 21.4 £ 10.3 and 10.4 + 3.38 resulting from pupae stored at
10 °C for 5, 10, 20 and 30 days compared with 33.8 + 5.03 days for control
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(unstored). There was insignificant impact on the oviposition period of female
between any treatments except between 30 days stored pupae and untreated
control. The female longevity did not differ at storage period 5 to 20 day in
comparison with check, it lasted 38 + 6.5, 31.8 + 7.9, 32.8 + 12.8 and 18.4 +
3.2 days for female emerging from pupae subjected 10 °C for 5, 10, 20 and
30 days opposed to 40 + 4.24 days / a control female (unstored). The
fecundity of female decrease as the storage period increase, it were 114 +
35.13, 78.6 + 42.1, 60.2 + 22.8 and 17.8 + 2.3 eggs resulting from pupae
stored for 5, 10, 20 and 30 day, respectively in comparison with 255 + 50.4
eggs for control (unstored). Male longevity resulting from pupae held at 10
°C for 5, 10, 20 and 30 days lasted 25.6 + 7, 24.8 + 5.5, 27.6 £+ 10.2 and 15.6
+ 2.8 days compared to 31 £ 7.12 days for control (unsorted).

3. Storage at 14°C.

Data presented in Table 6 shows that the % of adult emerging from
pupae stored for 5, 10 and 20 days were 100 + 0.0, 95 + 10 and 90 + 10 %,
respectively. Pupal duration decreases with increasing storage periods. The
averaged pupal stage durations were 6.4 + 0.48 for storage period 5 day, 3.2
+ 0.4 for storage period 10 day and 0.2 + 0.4 for storage period 20 day. The
averages of pre-oviposition period were 6.2 + 0.4, 3.2 +0.4 and 9.2 + 1.16
days resulting from pupae stored for 5, 10 and 20 days, respectively. Female
longevity (mean + SE) were 44 + 3.4, 20.6 £ 5.31 and 26.8 + 1.93 days
resulting from pupae stored for 5, 10 and 20 day, respectively. The average
fecundity of females resulting from pupae stored for 5, 10 and 20 day were
62.2 £ 6.33, 34.5 £ 0.3 and 34.5 £+ 14.9 eggs laid by female. There were
significant variation on fecundity between all treatments in comparison with
control. Male longevity resulting from pupae stored for 5, 10 and 20 days
were 35.2 + 3.86, 16.6 + 3.16 and 21.2 + 2.31 days for storage periods 5, 10
and 20 days, respectively.

These finding are in general agreement with those obtained by Abdel-
Salam and Abdel-Baky, 2000, they found that, emergence of C.
undecimpunctata adults lasted 85.5, 65, 25 and 0% when the pupal stage
stored for 7, 15, 30 and 45 days at 6°C. In another study, there is no mortality
% of adults when the pupae of Eriopis connexa stored at 4°C for three weeks
but the adults mortality reached 100% after 7 weeks of storage (Miller, 1995),
these was in agreement with our results which indicated that the period of
pupal storage affected significant with longest the period of storage. A
temperature of 6 + 1°C was suitable for keeping pupae and adults of
Chilocorus bijugus in the laboratory during winter months for up to 43 and
110 days, respectively, prior to field release during summer month ( Rawat et
al., 1992).
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Table (6): Effect of different storage periods on pupal stage and
biological characters of R. cardinalis adults emerged from
pupae stored at 14C°.

Duration in days +SE
Storage Adult Pupal Fecundity/
Periods |emergence s;fe:g? Pre- | i osition Post- Female Male femaley
(days) (%) treatment CViPOSition. P oviposition | longivity |longevity
5 100 6.4+ 6.2+ 34+ 3.8+ 44 + 352+ 62.2
a 0.48 a 04b 343 a 0.4a 3.34a 3.86 a 6.33 b
10 95+ 3.2+ 3.2+ 14.4 + 3 20.6 £ 16.6 + 345+
10 a 0.4b 0.4c 54b 0.6 ab 531c 3.61b 03 c
>0 90 + 0.2+ 9.2+ 144 + 22+ 26.8 + 21.2 + 345+
10 a 04c 1.16 a 2.05b 0.4 ab 1.93bc | 231b | 149 ¢
Control 100 7.6+ 34+ 338+ 2.8+ 40 + 31+ 255 +
(unstored) a 0.48 a 1.02c 5.03a 0.74 b 4.24 b 712 a 50.4 a
LSD 16.75 2.92 1.14 6.281 0.874 7.44 6.77 17.34

Means followed by the same small letter in a column are not significantly differences at
the 5% level of probability (Duncan’s Multiple Range Test)

Effect of low temperature and storage periods on adults of R. cardinalis
1. Storage at 6°C.

From the results in Table 7, it can be seen that the survival of adult
resulting from storage periods of 5, 10, 20 and 30 days were 100 + 0.0, 100 +
0.0, 100 = 0.0 and 50 * 31.6 %. The pre-oviposition periods resulting from
storage conditions of 5, 10, 20 and 30 day were 4.8 £ 0.4, 3.8 + 0.74, 4.8 +
0.74 and 8.6 = 0.8 days, respectively. Meanwhile the oviposition periods were
18.2 £1.46, 22 £ 2.28, 19.6 £ 1.85 and 4 + 0.63 for storage periods of 5, 10,
20 and 30 days, respectively. There were significant differences between
oviposition periods and check. Results show that after stored for 5, 10, 20
and 30 days a female produced an average of 69.8 £ 6.93, 79.2 £ 16.4, 42 +
8.06 and 15.4 = 1.8 eggs opposed to 255 + 50.4 eggs resulted/ a control
female (unstored). Data indicate that there were significant differences in
fecundity among female that storage for 5 to 30 day and check, but no
significant impact was noted for storage period 5 and 10 days. Female
longevity were 25.6 + 1.35, 31.8 + 5.41, 36.2 + 2.48 and 25.6 = 2.05 for
storage periods 5, 10, 20 and 30 days, respectively. Male longevity were 21.4
+1.95, 226 + 2.8, 24.6 + 2.41 and 17.22 + 1.16 days for different storage
periods, respectively in comparison with 31 + 7.12 days for control (unstored)
. There were not significant differences between male longevity resulting from
storage periods.

2. Storage at 10°C.

Survival of adult stored for 5, 10, 20, and 30 days at 10 °C. were 100,
100, 80+ 10 and 80 + 18%, respectively (Table 8). The pre-oviposition
periods were 3 +0.63, 3 + 0.63, 5.2 + 3.48 and 4 + 0.63 days for storage
conditions. Oviposition periods were 21.6 + 3.13, 20.4 + 7.2, 19 + 11.36 and
13.6 + 2.05 for storage periods 5, 10, 20, and 30 days, respectively. The
female longevity were 27.4 + 4.95, 27.4 £ 7.19, 39.6 + 9.85 and 46.4 + 3.72
days, meanwhile male longevity were 12.6 + 2.24, 18 + 2.89, 14.8 + 3.8 and
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35.4 + 5.71 days for storage periods 5, 10, 20, and 30 days, respectively.
Fecundity of female storage for 5, 10, 20, and 30 days were 92.8, 52.4, 74.2
and 11.2 eggs per female, respectively. There were significant differences in
oviposition periods and number of eggs for the different periods of storage
and check.

Figure 19 shows that storage periods and low temperatures had no
effect on female longevity in comparison with check. Figure 20 shows that,
storage periods and low temperatures affected greatly on the female
fecundity in comparison with check. Moreover, female fecundity varied
according to storage temperatures and storage periods.These results
disagreement with Rawat et al., 1992, they recorded temperature of 6°C + 1
was suitable for keeping pupae and adults of Chilocorus bijugus in the
laboratory during winter months up to 43 and 110 days respectively, prior to
field release during summer months. In another case these results are in
agreement with Yigit et al., 1994, they mentioned, adult of Cryptolaemus
montrouzieri and Nephus includens could be stored for longer periods at 15
than at 7°C. Our finding came in the same line with (Umberto et al., 2008).
Table (7): Effect of different storage periods on the biological characters

of R. cardinalis adult stored at 6C°.

Survival Duration in days +SE
Storage |of adult
Periods from _ Pre.-_ Oviposition _Pos‘t-_ Femal_e Male_ Fecundity/
(days) storage| oviposition oviposition| longevity |longevity| female
period
5 100 a 4.8 + 182+ 26+ 256 % 214 % 69.8 £
0.4b 146 b 0.48c 1.35c 1.95 bc 6.93 b
10 100 a 38+ 22 + 84+ 318+ 226 79.2 +
0.74 bc 2.28b 1.85b 541b 28b 16.44 b
>0 100 a 48 * 196 118+ 36.2 % 246 42 +
0.74b 1.85b 231a 2.48 ab 241b 8.06 ¢
30 50 8.6 4+ 128+ 256+ 172 + 154 +
316b 0.8a 0.63c 0.97c 2.05c 1.16c 1.8d
Control 100a 34+% 338+ 28+ 40 31+ 255+
(unstored) 1.02c 5.03 a 0.74 c 4.24 a 712 a 504 a
LSD 20.859 1.119 4.018 2.094 5.071 5.42 17.053

Means followed by the same small letter in a column are not significantly differences at
the 5% level of probability (Duncan’s Multiple Range Test)
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Table (8). Effect of different storage periods on the biological characters
of R. cardinalis adult stored at 10C°

Survival Duration in days +SE
Storage |of adult
Periods | from Pre- Ovinosition Post. Female Male Fecundity/
(days) |storage| oviposition p ovi.position [longevity| longevity female
period
5 100 a 3+ 216+ 3+ 274 + 126 + 92.8 +
0.63a 3.13b 0.63c 4.96 b 0.24b 78b
10 100 a 3+ 20.4 + 38+ 274 + 18+ 52.4 +
0.63a 7.2b 1.32¢c 7.19b 2.89 bc 175¢c
b0 80 52+ 19+ 154 + 39.6 = 148 + 74.2 +
10b 3.48a 11.36b 7.28b 9.85a 3.8¢c 49.24 bc
20 80 4+ 13.6 + 28.8+% 46.4 35.4 112+
18b 0.63a 2.05b 2.13a 3.72a 571a 2.31d
Control 100 a 34+ 338+ 28+ 40 + 31+ 255 +
(unstored) 1.02a 5.03 a 0.74c 4.24 a 712a 504 a
LSD 13.99 2.51 9.79 5.12 9.45 6.89 36.48

Means followed by the same small letter in a column are not significantly differences at
the 5% level of probability (Duncan’s Multiple Range Test)
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Table (4): Effect of different storage periods on pupal stage and biological characters of R. cardinalis adult

emerged from pupae stored at 6C°.

Duration in days +SE

Storage Adult Pupal stage :

. Fecundity/
Periods emergence after Pre- . . Post- Female .
(days) (%) treatment oviposition Oviposition oviposition longevity Male longevity female
5 100 a 5.4+0.48b 3.6+0.48¢c 31.6+ 10.05 a 3.8+0.97 a 39+9.18a 18.4+4.12b 127.4 +56.19 b
10 90+ 1224 a 48+0.4c 4+00c 26+85a 3+0.89b 33+892a 18.2+1.6b 96.8 +25.24 b
20 80+ 18.7a 6.6 +0.48 ab 4+0.63cC 30+£2.82a 26+1.49b 36.2+401la | 17.8+5.34b 81.8+8.93 b
30 45+ 18.7b 58+0.74bc | 74+1.62b 26.2 +7.54 a 2+1.26b 35+7.04a 12+55hb 20.4+7.49c
40 30+2.99b 6+ 2.00 bc 12+1.00a 0.0b 0.0c 12+1.00 b 35+£0.70¢c 0.0C
&%”gt‘;'red) 100 a 76+048a | 34+1.02c | 338+503a | 2.8+074a | 40+424a | 31+7.12a 255+50.4a
LSD 22.687 1.272 1.348 9.676 1.478 9.661 6.791 47.931

Means followed by the same small letter in a column are not significantly differences at the 5% level of probability (Duncan's Multiple Range

Test).

Table (5): Effect of different storage periods on pupal stage and biological characters of R. cardinalis adult

emerged from pupae stored at 10C°.

Duration in days +SE
gteorirggs em@?guelace Pup:flt::age Female Fecundity/
(days) (%) treatment Pre-oviposition Oviposition |Post-oviposition longivity Male longevity female
5 95+5ab 5.00£0.0 b 4.8+0.4ab 30.2+7.33a 2.8+ 1.16 abc 38+6.51a 25.6+7a 114.4+35.13 b
10 100 a 36+101bc 56+7.85a 19.8+10.8 ab 6.4+344 a 31.8+79a | 24.8+55ab | 78.6 +42.14 hc
20 90 + 20 ab 2.4+0.48 bc 58+1.46a 21.4+10.3 ab 5.8+3.31ab 32.8+128a | 27.6+10.2a 60.2+228¢c
30 85+10b 0.8+0.4c 58+7.6 a 10.4+3.38 b 2+1.26b 18.4+3.2b 156+28b 17.8+2.3d
gjcr)gtl:rled) 100a 76+048a | 3.4:+102b 33.8+5.03a 22+04c¢ 40+£424a | 31+712a | 255+50.4a
LSD 13.19 2.50 1.78 12.19 3.32 11.38 10.305 40.65

Means followed by the same small letter in a column are not significantly differences at the 5% level of probability (Duncan’s Multiple Range

Test).




