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ABSTRACT

In this study, the effect of different diets on the biological characteristics of Coccinella undecimpunctata
L. were studied under laboratory conditions of 26 + 1°C and 65 + 5% R.H. Three diets namely; AD1 (as basic
artificial diet) , AD2 (as improvement artificial diet), aphid, Aphis craccivora Koch frozen as well as live
aphid, (A. craccivora) as control were evaluated on the biological aspects of C. undecimpunctata . Results
showed that the mean larval duration recorded 10.64 days, when larvae fed on control. It extended to 14.26,
14.56 and 21.27 days for frozen aphid, AD2 and AD1, respectively. Larval survival percentages were 93.33,
83.33, 73.33, and 60.00% when larvae reared on control, AD2, AD1 and frozen aphid, respectively. The
maximum pupation percentage (92.86%) recorded in control, while minimum (66.67%) on frozen aphid. Adult
emergence percentages on control was 92.31%, with sex ratio of 54.17%. Whereas, it 80.00 % with sex ratio of
62.50 % when larvae fed on AD2.Ovipositional period of mated female extended to 56.63 days and reproduced
about 992.26 eggs throughout its lifespan, on control, whereas the lowest one (189.50 eggs) was noticed with
AD1. Treatment control and AD2 gave the best result for egg fertility (95.62 and 75.90 %), egg hatching
(95.01and 79.20 %) , respectively.Highest growth index was recorded with control (4.75) almost similar to
artificial diet (AD2) (3.39). In general, AD2 played an important role in whole life cycle of C. undecimpunctata

for mass production and proved better on most above parameters.
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INTRODUCTION

Biological control is considered one of the beneficial
actions in managing pests and their damage. It is depend on
using natural enemies for reducing the numbers of insect
pests and mites (Dreistadat and Statewide 2014).
Coccinellids are considered among the most important
predaceous insects attacking aphids, mealy bugs, spider
mites, thrips, jassids, whitefly, scale insects and eggs of
lepidopterous (Gautarm, 1994 and Obreycki and Kring,
1998).

Eleven spotted ladybird beetle, Coccinella
undecimpunctata L. (Coleoptera : Coccinellidae) is a
potential bio-control agent which use in the biological
control for a large wide of pests such as aphids as well as
eggs and new hatching of lepidopterian insects which can be
found in different parts of the world with different
environmental conditions (Hodek et al. 2012). The
predator's natural population, however, is usually so low in
the field due to unregulated use of insecticides that it fails to
provide satisfactory control of the pest Augus (2007, 2008);
( Augus et al., 2007). Rearing coccinellids on natural food
i.e. living aphids, is very difficult and also uneconomical
method ( Ohkada and Matsuka, 1973).

The predator can be mass cultured in the laboratory
by using natural and artificial diets ( Sarwar and Sagib, 2010
and Mohamed et al., 2020 ). Artifical diets for insects
generally must contain the following components : proteins
but sometimes free amino acids, lipids, carbohydrates ,
vitamins and minerals ( Cohen, 2005). Numerous laboratory
studies support the notion that non prey foods (artificial
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diets) improve fecundity over prey / hosts alone, sometimes
can even support reproduction in the absence of prey
altogether.

Therefore, the objective of the study is about the
diets which can help to rear substantial number of the
predator C. undecimpunctata under laboratory conditions for
mass release to eradicate pests in greenhouse and open
fields.

MATERIALS AND METHODS

The present study was carried out in Plant Protection
Department, Zagazig University, Egypt under the laboratory
conditions of 26 £ 1° C. and 65 + 5 % R.H.. In this
experiment Coccinella undecimpunctata L. were reared on
live aphids (Aphis craccivora Koch) as control, frozen
aphids (A. craccivora) as well as, two artificial diets.

Stock culture of Coccinella undecimpunctata L.

Larvae of C. undecimpunctata were collected from
faba bean, Vicia fabae Linnaeus, fields infested with A.
craccivora. The larvae were kept in cylindrical plastic vials,
4 cm diameter and 7 cm height, with tightly fitting lids. The
larvae were daily provided with A. craccivora as food until
pupation. Emerged adults (females and males) were placed
in glass Petri dishes measured 2.5cm height with 10.5 cm
diameter. C. undecimpunctata adults were examined daily,
then, provided with the aphids, A. craccivora as prey and
distilled water which supplied on cotton pads. The egg-
masses were transferred into plastic vial (7x2 cm) and
observed daily until hatching.
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Rearing of Coccinella undecimpunctata L. on Aphis
craccivora Koch. as (control)

A. craccivora individuals were collected from
infested faba bean fields. The aphid was reared in the
laboratory, at means of 26+1°C and 65 +5% RH, on faba
bean young plants which grown in plastic pots number 10,
20 cm diameter and 17 cm height. Once the plants had 2-3
leaves, newly healthy ones were placed beside the infested
plants to maintain the culture throughout the experimental
period.

Thirty newly hatched larvae were placed solely in a
Petri dish, 2.5 cm height with 10.5 cm diameter.

Each larva was provided daily with sufficient
number of different stages of A. craccivora on pieces of faba
bean leaves (ca. 25 aphid individuals) which replaced daily
in each Petri dish till pupation.

Rearing of Coccinella undecimpunctata L. on frozen
aphids, Aphis craccivora Koch.

In this experiment, the live aphid, A. craccivora were
obtained from infested faba bean plants which reared in the
laboratory, then frozen at temperature 0°C in plastic
container (20 x 8 cm) for 24 hrs. When it became completely
frozen, then taken and keeping into small container at same
temperature.

Thirty newly hatched larvae of C. undecimpunctata
were placed separately in Petri dishes as previously
described. The larvae were provided daily with enough
numbers of the frozen aphids (ca. 25 frozen aphids) till
pupation to determine the biological parameters.

Rearing of Coccinella undecimpunctata L. on artificial
diets
Basic artificial diet (AD1)

To enhance the larval efficiency for rearing, different
diet combinations according to Smirnoff (1985) were used
as shown in Table (1).

Table 1. Components of the basic artificial diet.

Diet Ingredients Weight or Volume

Fresh chicken liver 100 g

Sucrose 20 g
Basic Yeast extract 109
artificial Egg yolk powder 109
diet Peptone 5¢9
(AD1) Multi vitamins and minerals 19
Casein 39
Chlortetracycline 1g

In AD1 (basic artificial diet) all ingredients were
weighed carefully, then prepared according to as follows:
Fresh chicken liver was cut in pieces, blended in electric
grinder and put in refrigerator for 24 hours. To prolong the
shelf life of the diet, 0.6 g potassium sorbate and 1.0 g
chlortetracycline were added, and then the powder
ingredients such as, sucrose, egg yolk powder, peptone,
casein were mixed. After that, yeast extract was added to
enhance the fecundity. And finally, multi vitamins and
minerals were added. At this point, the mixture was a semi-
solid and was ready to be given to larva and adult in glass
Petri dishes.

Artificial diet 2 (AD2):

This diet (AD2), consisted of basic artificial diet plus
3.0 g from each of royal jelly , propolis and pollen grains
for each 50 g of the basic artificial diet.

The two abovementioned artificial diets were tested
as food for the C. undecimpunctata larvae and adults. In
each diet, thirty newly hatched larvae were placed singly in
Petri dishes. The artificial diets were offered to larvae on
white papers, 3.5 x 0.5 cm each which changed daily till the
larvae completed their development.

In addition to the artificial diets, larvae were supplied
with 10 % honey solution in water, dripping out of a circular
petri - dish (fitting the inner periphery of the Petri dish)
through three outlets plugged with cotton. As soon as the
cotton got dry, the Petri dishes were refilled with honey
solution. Then, the following parameters were evaluated for
each treatment.

a- Atlarval stage:

- Percentages of survival of each larval instar.
- Larval durations.

- Pupation percentages.

In all treatments, newly emerged adults, male and
female, of C. undecimpunctata were paired in Petri dishes
and provided with 10 % honey solution in impregnated
cotton. The adults were provided also by the same diet
which its larvae reared on before.

b- Atadult stage:

- Adult emergence

- Pre- oviposition, oviposition and post — oviposition periods
- Fecundity, fertility and hatchability

- Longevity

- Sex ratio

- Incubation period

Growth index and success index

Growth index (Pant, 1956) and success index

(Prasad and Bhattacharya, 1975) were compared as
. N
Growth index (G.1.) = AV
where:
N= Percent adult emergence
AV = average development period (days)

For success index , various indices were calculated
as:

Larval period (days) in control
arval period (days) in treatment

Larval period index (L.P.1.) = L

Pupal period (days) in control
Pupal period (days) in treatment

Pupal period index (P.P.1.) =

Percent pupation in treatment
Percent pupation in control

Pupation index (P.1.) =

Percent adult emergence in

Adult emergence index (A.E.L.) treatment
= Percent adult emergence in
control
. _ LPL+PPIL+PIl+AE.L
Success index = 7

Statistical Analysis

The differences among treatment means and their
variance were appraised through F test (ANOVA),
calculated according to COSTAT Computer Program
(2005).

RESULTS AND DISCUSSION

The effect of two different artificial diets (basic
artificial diet AD1 , improvement basic artificial diet AD2,
frozen aphids and natural prey (live aphids) as control, on

358



J. of Plant Protection and Pathology, Mansoura Univ., Vol 12 (5), May, 2021

the development of Coccinella undecimpunctata L. was
studied. The evaluation of these artificial diets on C.
undecimpunctata would help to ascertain the suitability of
artificial diet for its mass rearing under laboratory conditions
and release in the greenhouse, open field and the results were
discussed as follow:

1. Effect of different diets on the immature stages of C.
undecimpnctata L.

Egg stage

Data presented in Table (2) and Fig. (1) showed that
the incubation period of laid eggs by the predator of C.
undecimpnctata were significantly differed owing to be the
type of food during the larval stage. They were 3.40 + 0.15
, 557+ 0.16 ,4.19 + 0.23 and 3.70 £0.16, when the larvae
were fed on A. craccivora , frozen aphid , AD1 and AD2 ,
respectively.

Table 2. Effect of different diets on the durations of Coccinella undecimpunctata L. immature stages under laboratory

conditions of 26 + 1°C and 65 + 5 %6RH.

Mean duration (days)

Food Egg Larval stage Pupal stage Total
incubation _. . . A . development
type period Firstinstar Second instar Third instar Fourth instar Total larval stage al period
Mean+S.E. Mean+S.E. Mean+S.E. MeantS.E. Mean +S.E. Mean +S.E. Mean +S.E. Mean+S.E.
aAS'CCrg‘rft?g’lora 340£015¢ 239£010c 229+009b 175+011c 421+013c  1064+02lc  540+0.16b 19.44+041d
Frozenaphid 557+0.16a 3.64+0.15b 341+0.11a 3.10+0.16b 4.11+0.16c 14.26+0.29 b 458+0.19¢c 24.41+055e
AD1 419+023b 519+0.19a 364+0.18a 5.39+020a 7.05+0.17a 21.27+0.34a  6.27+0.21a 31.73+04la
AD2 3.70+0.16 bc 3.39+0.17b 248+0.14b 348+0.14b 525+021b  1456+025b  5.30+021b 23.60+0.44b
F. value 37.71** 54.98** 25.53** 102.20** 62.41** 285.56** 10.11** 270.35**

- ** indicates highly significant differences between means at 0.01 level of probability.
- Means in each column followed by similar letters are statistically insignificant at 0.05 level of probability.
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Fig. 1. Effect of different diets on the durations of
Coccinella undecimpunctata L. immature stages
under laboratory conditions of 26 + 1°C and 65
+5 %RH.

These results are in harmony with those obtained by
some authors such as Mahyoub et al. (2013), who stated that
the incubation period ranged from 2 to 3 days, when the
larvae of the predator fed on fresh aphids. Bukero et al.,
(2015) mentioned that the mean incubation period was 3.30
+0.37 and 5.70 + 0.37 days, with fedding predator larvae on
fresh aphids and frozen aphids, respectively. Imam, (2015)
reported that the incubation period of C. undecimpunctata
eggs was 5.10 + 0.51 days, when larvae were fed on A.
craccivora.

Larval and pupal durations

The results given in Table (2) and illustrated in Fig.
(1) indicated that the mean durations of the 1%, 2, 3™ and
4™ Javal instar were 2.39+ 0.10, 2.29+0.09, 1.75+0.11 and
4.21+0.13 days, with the mean total larval duration of
10.64+0.21 days, when the larvae were fed on fresh aphid,
A. craccivora as control. The corresponding mean durations
recorded 3.64+0.15, 3.41+0.11, 3.10+0.16, 4.11+0.16 days,
with the mean total larval duration 14.26+0.29 days,
5.19+0.19, 3.64+0.18, 5.39+0.20 and 7.05+0.17 days, with
the mean total larval duration of 21.27+0.34 days and
3.39+0.17, 2.48+0.14, 3.48+0.14 and 5.25+0.21 days with
the mean total larval duration of 14.5620.25 days in 1%, 2™,

3™and 4 " laval instar for larvae fed on frozen aphid, AD1
and AD2, respectively.

Regarding the pupal stage, the results in Table (2)
showed that the mean duration of pupal stage was
5.40+0.16, 4.58+0.19, 6.27+0.21 and 5.30+0.21 days, when
the larvae were fed on A. craccivora, frozen aphid, AD1 and
AD?2, respectively. Statistical analysis of variance using F.
test clearly revealed that all these differences reach
significancy at 0.01 level of probability.

The present results are in accordance with the
findings of El-Heneidy et al. (2008) who stated that the total
larval duration of C. undecimpunctata was 13.02 + 0.12,
days when the larvae fed on fresh A. craccivora. Sattar et
al.(2008) stated that the total larval and pupal durations were
18.30 and 4.90 days, when the larvae of the predator reared
on fresh aphids, respectively.

Imam (2015) reported that the total larval duration
and the mean pupal stage were 23.40 and 5.30 days on fresh
A. craccivora., respectively. Bukero et al. (2015) mentioned
that the total larval duration and the mean pupal stage were
8.50 and 3.20 days on fresh aphids, whereas they were 12.90
and 4.60 days on frozen aphids, successively.

Total developmental period

Data obtained in Table (2) and Fig. (1) revealed that
the highest mean total developmental period of the predator
was 31.73 +0.41 days, when the predator was reared on
AD1 (artificial diet),whereas the lowest one 19.44 + 0.41
days was observed with fedding predator larvae on fresh A.
craccivora. Statistical analysis revealed that the differences
between total developmental period means as affected by
different diets were highly significant.

The present results are in close agreement with those
obtained by Mahyoub et al. (2013) who stated that the total
developmental period of the predator ranged between 16.00
to 21.00 days, when feeding on fresh aphids. Also, Gupta
and Kumar (2017) reported that the total duration up to adult
emergence reached to 22.80 days was observed on diet
consisted of (soybean flour 14 g, honey 3 ml, yeast 3 ml,
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scorbic acid 0.31 g, multi — vitamins 0.31 g, sodium
ascorbate 0.31 g, methylparaben 0.31 g, 10 % formaldehyde
0.15 ml, agar 1.5 g and water 77 ml). Mohamed et al. (2020)
mentioned that the mean developmental period of C.
undecimpunctata was 25.58 days on fresh aphids.
Larval survival and percentage of pupation

As shown in Table (3) and Fig. (2), the survival rates
of the 1%, 2™, 3 @ and 4 " laval instars were 93.33, 100.00,
100.00 and 100.00 %,when the larvae were fed on A.
craccivora as control, respectively, with the mean
percentage of pupation was 92.86 %. The corresponding
means of survival rate were 83.33, 88.00, 90.91 and 90.00
%, with the mean percentages of pupation 66.67; 90.00,
92.59, 92.00 and 95.65 %, with the mean percentage of

pupation 72.73; 93.33 , 89.29 , 100.00 and 100.00 %, with
the mean percentage of pupation 80.00% for 1%, 2", 3@ and
4™ Javal instars when the larvae fed on frozen aphid, AD1
and AD2, respectively. Generally , the highest larval survival
(93.33 and 83.33%) were observed when larvae fed on A.
craccivora and AD2 , whereas the lowest values of (73.33
and 60.00%) were recorded when C. undecimpunctata
larvae were fed on AD1 and frozen aphid.

These results are in full agreement with the findings
of some authors such as Sarwar and Sagib (2010) they found
that the percentage of pupation of Coccinella sp. was 64.98
%, when larvae were fed on artificial diet (AD), which
consisted of Agar 1.3 g, cane sugar 16 g, honey 6 g and
protein hydrolyzate 1g.

Table 3. Effect of different diets on the survival, pupating, emergence and sex ratio percentages of Coccinella
undecimpunctata L. under laboratory conditions of 26 + 1°C and 65 + 5 % RH.

Food Larval survival (%) Pupation Emergence Sex ratio

type instar 2"instar 3Yinstar 4"instar  Total (%) (%) (Females%o)

A.craccivora as control 9333 100.0 100. 100. 93.33 92.86 9231 54.17

Frozen aphid 83.33 88.0 90.91 90.0 60.0 66.67 75.0 55.56

AD 1 90.0 92.59 92.0 95.65 73.33 72.73 68.75 54.55

AD 2 93.33 89.29 100.0 100.0 83.33 80.0 80.0 62.50
Sex ratio

Larsl vyl el Pyt
i ¥ I E B 3 E & B

IhfFrerat dicts

Fig. 2. Effect of different diets on the larval survival and

pupation percentages of Coccinella
undecimpunctata L. under laboratory conditions
of 26 + 1°C and 65 +5 % RH.

Bukero et al., (2015) who reported that the
maximum pupation percentages were 71.33 and 63.0 %
when the larvae were fed on fresh and frozen aphids,
respectively. Gupta and Kumar (2017) reported that the
mean maximum larval survival and pupation percentage of
C. septempunctata reached 63.30 and 66.10 %, when larvae
were fed on frozen aphids.

1. Effect of different diets on some biological
parameters of Coccinella undecimpunctata adults
Percentages of adult emergence

Data arranged in Table (3) cleared that the highest
mean percentage of adult emergence attained 92.31,
meanwhile the lowest one (68.75 %) was noticed when
larvae were fed on AD1 diet.

Dissimilar results were obtained by Sattar et al.
(2008) who reported that the mean percent emergence in
male and female were 36.60 and 56.60 %, respectively when
the predator fed on fresh aphids. On the other hand, the
results found by Gupta and Kumar (2017) were agreement
with the present ones who reported that the mean percentage
of adult emergence was 86.70 %, when the larvae were
reared on artificial diet consisted of (3 ml honey, 3 ml yeast,
0.31 g ascorbic acid, 0.31 g multivitamins, 1.5 g agar and
water 77 ml.

Data presented in Table (3) showed that the mean
percentage of sex ratio (expressed at the ratio of female adult
to the total number of emerged adults) attained 54.17 , 55.56
, 54.55, 62.50 % when the larvae fed on A. craccivora ,
frozen aphid , AD1 and AD2 , respectively.

Sattar et al. (2008) mentioned that the sex ratio (male
to female) was 1: 1.50.

Pre- oviposition period

The results complied in Table (4) cleared that the pre
— oviposition period ranged between 5.23 to 14.7 days. The
shortest mean , 5.23 +0.23 days was detected when the
larvae were fed on A. craccivora, meanwhile the longest
mean, 14.17 +0.60 days was obtained when the larvae
were reared on artificial diet (AD1). Statistical analysis of
variance revealed that the differences among the means were
highly significant.

The results found by Sarwar and Saqib (2010) agree
with the present ones who mentioned that the pre oviposition
period was 11.40 days, when the larvae of the predator
reared on artificial diet which consisted of (1.3 gm agar, 16
gm cane sugar, 6 gm honey and 19 gm protein hydrolyzate).
Also, Mohamed et al. (2020) stated that the pre — oviposition
period was 5.57 days when the larvae were fed n fresh aphid.
Oviposition period

As shown in Table (4) the longest mean of
oviposition period (56.63+1.90) days was recorded when
larvae were fed on fresh A. craccivora, while the shortest
one, 37.80+2.44 days was obtained when the predator
larvae were reared on frozen aphid. Statistical analysis of
the data revealed highly significant differences among the
means.

The present results are not in harmony with those
obtained by Sarwar and Saqib (2010) who reported that the
oviposition period was 9.20 days when the ladybird beetle
fed on artificial diet consisted of (1.3 gm agar, 16 gm cane
sugar, 6 gm honey and 19 gm protein hydrolyzate)
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Table 4. Effect of different diets on the pre —oviposition, oviposition, post —oviposition periods and longevity of
Coccinella undecimpunctata L. adults under laboratory conditions of 26 + 1°C and 65 + 5 %RH.

Biological Mean + S.E. F.
parameters A.craccivora as control Frozen aphid AD1 AD 2 value
Female: . 5.23+0.23¢ 6.40+0.51 be 14174060 a 7404045 b 79.11%
Pre - oviposition period
Oviposition period 56.63+1.90 a 37.80+2.44 b 4433+2.09b 39.0+1.72b 21.31**
Post - oviposition period 9.62+0.54 b 7.60+0.68 b 18.67 +0.62a 16.90+0.84 a 49.75%*
Longevity 71.47+1.98 a 51.80+2.22 ¢ T117+247a 63.30+1.85Db 18.04**
t"a'e: . 42.64+167 ¢ 3850+3.12¢ 7520+311a 5350 +458h  25.67*
ongevity

Post- oviposition period

As indicated in Table (4), the post oviposition period
varied from 7.60+0.68 days on frozen aphid to 18.67 +0.62
days on AD1. Statistical analysis revealed that the
differences between means were highly significant.

The results found by Sarwar and Sagib (2010)
disagree with the present ones who stated that the post
oviposition period recoded 1.80 days on artificial diet (1.3
gm agar, 16 gm cane sugar, 6 gm honey and 19 gm protein
hydrolyzate).

Female longevity

The results arranged in Table (4) and Fig. (3)
clearly show that the adult female longevities averaged
71.47+1.98,51.80 +2.22, 77.17 +2.47 and 63.30 +1.85 days,
for females reared on fresh A. craccivora , frozen aphid ,
AD1 and AD2 , consecutively. Statistical analysis cleared
that the differences among the means were highly
significant.

:
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Fig. 3. Relationship between fecundity and female
longevity when Coccinella undecimpunctata L.
larvae fed on different diets under laboratory
conditions of 26 + 1°C and 65 +5 % RH.

The present results are confirmed with those
recorded by El-Heneidy et al. (2008) who stated that the
female longevity of C. undecimpunctata recorded 78.05
days, when the larval were fed on aphids.

Male longevity

Data given in Table (4) revealed that the male
longevities were 42.64+1.67, 38.50 +3.12, 75.20+3.11 and
53.50 +4.58 days, when the larvae of predator were
reared on fresh A. craccivora , frozen aphid , AD1 and AD2
, respectively. Statistical analysis of variance revealed that
the differences among the means were highly significant.

These results disagree with those obtained by Sarwar
and Sagib (2010) who mentioned that the mean male
longevity of C. undecimpunctata (38.80 days) on fresh aphid
as natural diet whereas, it was (0.00 days) on artificial diets
consisted of (1.3 gm agar, 16 gm cane sugar, 6 gm honey
and 19 gm protein hydrolyzate).

Fecundity

Data presented in Table (5) and Fig. (3) cleared that
the mean numbers of eggs laid per female were 992.26
+44.28,204.60 +9.70, 189.50 +4.89 and 443.60 +17.86
eggs, when the larvae were fed on fresh A. craccivora ,
frozen aphid , AD1 and AD2 , respectively. Statistical
analysis of data revealed that the differences between all
means of fecundity proved to be highly significant at 0.01
level of probability.

The present results are in accordance with those
recorded by Ghanim and EI- Adl (1997), who revealed that
artificial diet (dry blood 24.24 %, sucrose 30.30 %, pollen
grains 10.68 %, yeast (powder) 13.64%, royal jelly
(capsules) 6.06 %, streptophenicol 3.03 %, multivitamins
and minerals 9.09 % and aphid dry powder 2.96 %) was the
best for rearing C. undecimpunctata because the
fecundity of the females was higher on this diet than the
other tested diets.

Table 5. Effect of different diets on the fecundity, fertility and hatchability of Coccinella undecimpunctata L. under

laboratory conditions of 26+ 1°C and 65 + 5 %RH.

Food Fecundity No. of laid eggs / day Fertility(%b) Hatchability(%0)
type Mean +S.E. Mean +S.E. Mean +S.E. Mean +S.E.
A.craccivora as control 992.26 +44.28 a 17.60+0.62 a 95.62+1.17a 95.01+0.93a
Frozen aphid 204.60 +9.70 ¢ 5.47+0.32h 5820 +2.67 ¢ 59.66 +4.86 ¢
AD 1 189.50 +4.89 ¢ 432+0.21c 61.50+4.33 ¢ 63.94+6.32¢C
AD 2 443.60+17.86 b 1154 +0.64c 75.90+3.13b 79.20+2.29b
F. value 119.16** 96.89** 39.40** 28.75**

El-Heneidy et al. (2008) found that the single mated
female deposited 729 eggs when rearing on fresh aphids.
Imam (2015) revealed that the mean number of eggs per
female was 195.0 eggs when reared on A. craccivora.

Concerning number of deposited eggs per day , data
in Table (4) indicated that the mean number of laid eggs per
day were 17.60 +0.62, 547 +0.32, 4.32 +0.21 and 11.54

+0.64 eggs, when the larvae of predator were fed on A.
craccivora, frozen aphid, AD1 and AD2, respectively. The
number of laid eggs per day by C. undecimpunctata female
was highly significant influenced by the tested food types.
These results are in harmony with those obtained by
Mohamed et al. (2020) who cleared that the mean number of
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laid eggs / day was (7.27 eggs), when the larvae of predator
reared on fresh aphids.
Fertility

Data complied in Table (5) indicated that the mean
percentage of laid fertilized eggs per female was 95.62 +1.17
, 5820 +2.67 ,61.50+4.33 and 75.90 +3.13 % ,when
the larvae of C. undecimpunctata were reared on A.
craccivora , frozen aphid , AD1 and AD2 , respectively. The
variance between different means

showed that the differences were highly significant
with the tested food types.

These results are in full similarity with the findings
obtained by Mohamed et al. (2020) who reported that the
mean percentage of fertility was 80.27 % when the larvae
were reared on fresh aphid.

Hatchability

Data shown in Table (5) cleared that the highest
mean percentage of hatchability (95.01 +0.93 %) was
obtained when the larvae were fed on A. craccivora,
meanwhile, the lowest one (59.66 + 4.86 %) was noticed
when the larvae were fed on frozen aphid. Statistical analysis
revealed that the differences between hatchability means as
affected by different diets were highly significant.

These results are in agreement with these of El-
Heneidy et al. (2008) who reported that the mean percentage
of hatchability was 81.00%. Contrarily, Sarwar and Sagib
(2010) found that the mean of hatchability % was (22.40)
when rearing on AD consisted of (1.3 gm agar, 16 gm cane
sugar, 6 gm honey and 19 gm protein hydrolyzate).

Mahmoud and Zarabi (2012) found that the mean
hatched rate was 81.00% on diet consisted of honey 10%,
yeast 15%, essential amino acid 25%, B. vitamin groups
2.5% and water 47.5%. Imam(2015) stated that the highest
mean percentage of hatchability (96.3%) was obtained when
the larvae were reared on aphid, A. craccivora.
3.Effect of different diets on success index and growth
index of C. undecimpunctata

Results in Table (6) showed that the growth and
success indices of different diets compared to the control.
The highest growth index was recorded with control (4.75)
followed by AD2 (3.39), frozen aphid (3.07) and AD1(2.17).

Table 6. Success and growth indices of Coccinella
undecimpunctata L. receiving different diets
under laboratory conditions of 26+ 1°C and 65

+5 %RH.
Food Growth Index Success Index
type (€1)) (SN
A.craccivora as control 475 1.00
Frozen aphid 3.07 0.86
AD 1 217 0.72
AD 2 3.39 0.87

Concerning the success index of the predator fed on
different diets, it was found that larvae fed on fresh A.
craccivora and AD2 exceeded the other tested diets,
recording 1.00 and 0.87, respectively.

These results are in harmony with those obtained by
Gupta and Kumar, (2017) who found that highest growth
index was obtained with soaked soybean diet(SS) (4.05)
almost similar to control (4.0), followed by soybean flour
(SF), bee pollen, drone larvae and frozen aphid diets as 3.8,
2.4, 1.98 and 1.94, respectively. Similary, data showed that

success index of the adults fed on artificial diet containing
soybean 1.03 was almost similar to control (1.0), whereas
the diets containing bee pollen, drone larvae and frozen
aphid was lower than control as 0.83, 0.84 and 0.78,
respectively.

REFERENCES

Augus, N. (2007). Behaviour and predatism periods of
Coccinella sp. ( Coleoptera : Coccinellidae) larva
and adult's at Aphis glycines Matsumura (Homoptera
. Aphididae). Proc. Of the 5 ® International
Symposium on Biocontrol and Biotechnology,
Thailand.

Augus, N. (2008). Aspek Biologi Predator Coccinella sp.
(Col : Coccinellidae) pada kutu daun kedelai dan
metode prebanyakannya pada makanan buaton
Loporon Penelitian , Fak. Pertanian UNHAS.

Augus, N. , AS. Saranga , Budiaman and S. Thamrin
(2007). Metode Pembiakan Predator Coccinella sp.
(Coleoptera : Coccinellidae) pada Makanan Buatan
(Artificial diet) sebagai Agens Pengendali Hayati
Hama Kutu Daun " Laporan Penelitian HB XV ,
DIKTI).

Bukero A. ; M. A. Rustamani ; A.G. Lanjar ; U.A. Lanjar ;
U.A. Memon ; A. W. Solangi ; M.A. Abro and S.
Balouch (2015). Life table studies of Coccinella
septempunctata Linneous on natural diets. Sci. Int.
(Lahore), 27 (3) : 2263 — 2266.

Cohen, A.C.(2005). Insect diets : Science and technology.
Boca Raton London New York Washington , D.C.
CRC PRESS.

COSTAT ( Computer Program) (2005). Version 6.311,
Copyright (c) , Coltart Software 798 Lighthouse
Ave. PMB 320, Monterey , CA, 93940, USA.

Dreistadat, S. H. and U.C. Statewide (2014). Biological
control and natural enemies of invertebrates. Univ.
Calif. 1-6.

El-Heneidy, A.H., A.A. Hafez, F.F. Shalaby and I.A. Bahy
El — Din (2008). Comparative biological aspects of
the two  Coccinellid species;  Coccinella
undecimpunctata (L.) and Hippodamia converge
Guer. Under laboratory conditions. Fac. of Agric.
Benha Univ., Egypt. Proceeding of 2 ™ Arab.
Conference for Applied Biological Pest Control,
Cairo, Egypt, 18(1): 51 — 59.

Gautarm R.D. (1994). Survival of aphidophagous ladybird
(Coccinella septempunctata L.) on non aphid hosts
together with its natural emergency complex. Ann.
Agric. Res.; 15 (1): 71-75.

Ghanim, A. A. and M. A. El- Adl (1997). Evaluation of
certain artificial diets for mass rearing of some
coccinellidae predatory insects. First National Conf.
of Applied using of Natural Enemies for Controlling
Insects and Mite Pests, Mansoura, 191 — 198.

Gupta, G. and N. R. Kumar (2017). Growth and
development of ladybird beetle Coccinella
septempunctata (Coleoptera: Coccinellidae) on plant
and animal based protein diets. Journal of Asia —
pacific Entomolgy, 20 : 959 — 963.

362



J. of Plant Protection and Pathology, Mansoura Univ., Vol 12 (5), May, 2021

Hodek, I.; H.F. Van Emden and A. Honek (2012). Ecology
and behavior of the ladybird beetles (Coccinellidae).
Wiley — Blackwell , Chichester. 1 —561.

Imam, (2015). Biological characteristics of eleven - spot
lady bird Coccinella undecimpunctata L., reared on
cowpea aphid, Aphis craccivora Koch, under
laboratory conditions. Economic Entomology Unit,
Plant Protection Department, Desert Research
Center. J. Plant Prot. and Path., Mansoura Univ., 6(6)
: 909 —914.

Mahmoud, J. and M. Zarabi (2012). Surveying effect kind of
food on biological parameters on Chrysoperla
carnea (Stephens) (Neuroptera : Chrysopidae) under
laboratory conditions. Acad. J. Biolog. Sci., 5(1) : 99
—106.

Mahyoub, J.A. ; A AH. Mangoud ; K.M. AL- Ghamdi and
HA. AL - Ghamdi (2013). Method for mass
production the seven spotted lady beetle, Coccinella
septempuctata  (Coleoptera:  Coccinellidae) and
suitable manipulation of egg picking technigue.
Egypt. Acad. J. Biolog. Sci., 6(3) : 31— 38.

Mohamed, F. G. El- Deen ; M. A. I. Youssif ; K. A. A.
Hammad and M. R. A. Hassan (2020). Biological
aspects and predation efficiency of Coccinella
undecimpunctata L. on two aphid species under
laboratory conditions. Plant Archives, 20 (1) : 1113 —
1120.

Obreycki JJ and Kring T.J. (1998). Predaceous
Coccinellidae in biological control. Annul. Rev.
Entomol.; 43: 295-321.

Ohkada , I. and M. Matsuka (1973). Avrtificial rearing of
hormonia oxyridis on pulverized drone honeybee
brood. Environ. Entomol , 2(2) : 301 — 302 .

Pant, N.C. (1956). Nutrtional studies on Trogoderma
granarium Everts. Indian J. Entomol.18, 266 — 268.

Prasad, J. and A. K. Bhattacharya (1975). Growth and
development of Spodoptera litura (Boisol) on
several plants. Z. Angew. Entomol. 79, 34 — 38.

Sarwar , M. and S.M. Sagib (2010). Rearing of Predatory
Seven Spotted Ladybird Beetle Coccinella
septempunctata L. (Coccinellidae) on Natural and
Artificial Diets under Laboratory Conditions.
Pakistan Journal of Zoology, 42 (1): 47-51.

Sattar, M. ; M. Hamed and S. Nadeem (2008). Biology of
Coccinella septempunctata Linn. (Coleoptera
Coccinellidae) and its predatory potential on cotton
aphids, Aphis gossypii Glover (Hemiptera
Aphididae). Pakistan J. Zool., 40 (4): 239 — 242,

Smirnoff, W.A. (1985). An artificial diet for rearing
coccinellid beetles. Canad. Ent., 90 : 563 — 565.

Coccinella undecimpunctata L. 4k jée sy 63 aml o 4 glgad (unlial) o ddlida 403 Clliy anil
D gy dana Ml i g ulmm‘%Jm&l;A;Ychuxﬁh\ﬁjmim
Ayl paa Ay ggan -3 383 - (3383 daala - Ao 30 A0S - i) 4B  audd

sy 5465 500 1 %26 dbend) Gyl cand Al de soaY) 5 vl Y L sl Gulial e Alie 3003 i i Cings Rl il 63 Cap ol

A Al e e il Ay ARG senadl S &) o s (Raall Leliall L) AD2 ¢(Aambas) delivall Zill) ADL (& 5 40 iy 50 apfli & Ao
¢ 14,26 N 5 5l ol catia) Cyme (5 80) Sl ) o e s il A i e Lagy 10,64 ColS B0 skl sai s 55 aws sia (f Ldde Juaniall gelil) o jelil (5 5)
60,00 573,33 ¢ 83,33 ¢ 93,33 (Al shall clia) (s il gia S claiyy N5 e ADT 5 AD2 cdenall il &l g e B8l el g 1 921,27 514,56
(72 66,67) &8 Ly «J 35580 wa (7 92,86) el &y s dnsi e s i i) e cxanall S ) a5 ADL ¢AD2 «J s SH e ( jiball il Adasy lldy 7.
68,75 575,00 ¢« 80,00 S Lty ¢ 54,17 Agwais Ay (7 92,31) J 58S Alelaal AL i piall o7 9 )3 B ity el S A e o <l ) 05 e s
(56,63 Yinilall il (a5 6 58 Jaws sie 2 i N5l e (ADL 5 el 21 (e (AD2 (e il s (7 54,55 555,56 ¢« 62,50) A oy 7
Ol ol T gie B o aag g (B od s KU o (e sl Ay g Aan 17,60 038 (e s an en s Jora gan 350 DA Ay 99226 datie Lag
Glo ool 408 e @ COMadl quen 3 S (e Jghal VI ALIS S il Blem 6 58 dans e S ADT Al e (o hall 4085 Jas o 8 (A 189,50)
Js s g sadl A Jone eb dan iyl e (779,205 95,01) Ll iy (7 75,905 95,62) canadnadll il dsasil i) Juadl AD2 2l 5 J 55
) ) (ol cidle Hiamy 5 e ¢ 2,17 53,07 Sawse ADL 5 2enall (el e 5 (3,39) (AD2) dinsandl e ival) L) a Lo 23 ) 4l 5315 (4,75)
Al clicall e 5 il clipd) Juadl (e gl cnfl Cum oS £ Ak e san Y 53 sl G it sl 8 Tla 1) 90 (i Biadl (AD2) Relinal) 2l

A

363



