EGYPTIAN ACADEMIC JOURNAL OF

BIOLOGICAL SCIENCES

ENTOMOLOGY

ISSN NMATIAT I o 1Y '3 N4 A
1687-8809 WWW.EAJBS.EG.NET

Citation: Egypt. Acad. J. Biolog. Sci. (A. Entomology) Vol. 14(1) pp.271-286 (2021)
DOI: 10.21608/EAJBSA.2021.162946




Egypt. Acad. J. Biolog. Sci., 14(1):271-286(2021)

Egyptian Academic Journal of Biological Sciences

A. Entomology

ISSN 1687- 8809
http://eajbsa.journals.ekb.eg/

Studies on The Possibility of Using the Three Biological Control Agents; The
Predator Ccoccinella undecimpunctata L., the Predator, Hippodamia convergens
Guer. and the Aphid Parasitoid, Diaeretiellarapae (M'Intosh), Against the Legume

Aphid, Aphis craccivora Koch.

Ali, M. A. M.

Biological Control Research Department, Plant Protection Research Institute, Agriculture

Research Center.
E. mail :abonoraba@gmail.com

ARTICLE INFO

Article History
Received:6/2/2021

ABSTRACT

In Egypt, the faba bean plants (Vicia fabal..) is considered as one of the
most important field crops that are continuously and extensively grown year after
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This crop is subjected to attack by the legume aphid, Aphis craccivora Koch.
(Homoptera: Aphididae), which cause obvious damage to the resulted faba bean
crop.The obtained results indicated that the faba bean plants that were cultivated in
the greenhouses of the two tested released cases of the ladybird beetles ; Ccoccinella
undecimpunctata L. and Hippodamia convergens Guer. (Coleoptera: Coccinellidae)
when were compared with that case of the unreleased control 1 were as follows: for
the unreleased control 1, the mean total number of the legume aphid, A. craccivora
individuals per the period of experiment 1 was 2360.92+419.77(100-5189)
individuals. While, in there leased case of the ladybird beetle C. undecimpunctata,
the corresponding mean total number of the legume aphid, A. craccivora individuals
per the period of the experiment was 715.30+235.30 (100-2861) individuals and the
percentage of the reduction in the total number of the aphid individuals per the
period of the experiment was 69.70%.But, for the released caseof the ladybird
beetle, H. convergens,the mean total number of the legume aphid, A. craccivora
individuals per the period of the experiment was 933.00+£247.47 (100-2975)
individuals and the percentage of the reduction in the total number of the aphid
individuals per the period of the experiment was 60.48%.However, in experiment 2,
the mean total number of the legume aphid 4. Craccivora individuals in the aphid
parasitoid, Diaeretiella rapae (M'Intosh) (Hymenoptera: Braconidae) releasing case
was 1380.76+£248.84 (100-2711) individuals, in comparing with the unreleased
control 2 cases (1672.79+313.10 (100-3582)). The total number of the mummies of
the aphid parasitoid, D. rapae increased at the end of the experiment in the release
case of the aphid parasitoid, D. rapae. This indicated that the D. rapae adults’
parasitoids were emerged from the parasitized aphid mummies and began to
parasitize newly aphid individuals and thus the total number of the aphid mummies
were increased at the end of season (successful parasitism of the aphid parasitoid,
D. rapae has occurred). Therefore, the obtained results revealed the important role
of the two predators (the ladybird beetles; C. undecimpunctata & H. convergens)
and also the aphid parasitoid, D. rapae, as three effective biocontrol agents
(representing a major component of the biological control techniques) against the
legume aphid, 4. craccivoraon the faba bean plants. As a result, they can be released
in the faba bean fields and/or other related fields that suffer from the pest attack.
They must be included in the Integrated Pest Management (I.P.M.) strategies, for
decreasing the undesirable effects of using the chemical control methods.
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INTRODUCTION

In Egypt, the faba bean plants (Vicia fabal..) are considered as one of the most
important field crops that are continuously and extensively grown year after year,
representing a popular local feeding and marketing crop for the Egyptian people. As, this
crop constitutes and provides a major rich source of protein for humans (Ali, 2014).
However, its plants are subjected to attack by many serious agricultural pests which reduces
their quality and quantity such as; the legume aphid, Aphis craccivora Koch. (Homoptera:
Aphididae) (Gaber et al., 2015). This aphid species induces much severe damage to the
faba bean plants by causing obvious economic losses in the yield and the quality of the
resulted crops, where, these losses depend on the time and the intensity of the aphid
infestation (Bishara et al., 1984). Aphids are polyphagus pests’ species of the field crops
especially family leguminosae and have ahigh reproductive capability and a rapid buildup
of their population in a short time. In general, Srivastava et al. (2010) and Stankovi¢ ef al.
(2015) showed that the damage caused by their infestation includes sucking the plant sap
by their piercing-sucking mouthparts, with the transmission of many of the viral diseases
from the infected plants to the healthy ones. Moreover, aphids secrete honeydew, which
prevents the photosynthesis process resulting in the wilt and the death of the agricultural
plants and serves as a medium for developing the sooty mold fungi (Salman et al., 2014).

Although the chemical control might provide satisfactory results in the pests’
control, itis also responsible for the occurrence of the residual chemical problems and can
interfere with the biological control methods of these pests (Gameel, 2004). As, their use
for controlling the insects' pests has caused many environmental pollutions and many
hygienic problems, that represent a risk for both people and the animals (Nicolas et al.,
2012). For example, some of the commonly used insecticides were found to not only
decrease the aphid outbreak but also will be responsible for removing the aphid predatory
species and allowing the aphid population to dramatically increase. Generally, the repeated
application of the chemical insecticides in the field and in the greenhouse often favors
unwanted effects such as pesticide resistance, the elimination of non-target species, the pest
resurgence, and secondary pest outbreaks (Foster et al., 2010). Their effects were led to the
occurrence of the disruption in the natural balance that existed between these pests and the
common natural enemies (Ibrahim et al., 2014), such as the bees and the other pollinators,
the insect parasitoids and the predators (Maghraby, 2012). The need of reducing pesticide
usage has provided the need for the development of many of the effectives’ alternatives to
conventional chemical pesticides (EI-Akhadar&Ouda, 2009).The field of the biological
control techniques has received much crucial worldwide and revealed the presence of a
significant impact as a possible safe and acceptable way in the insect's control programs
(Bellows, 2001) and now, it is considered as the main factor of the integrated control
programs (Machar &Drobilova, 2012). Therefore, this situation has directed the producers’
attention to the biological control agents, especially the predators and the parasitoids, which
are shown as effective and environmentally friendly management tools for insect pests
control in the protected environments (Wan Yang et al., 2014), where in the present time
it has gained great attention with extensively developed and encouraged (Saranya et al.,
2010).Many natural enemies such as predators (as one of the main components of the
biological control agents) play a noticeable natural role against the different insects' pests
in the view of agriculture (EI-Khawas, 2005). The predators that belong to the family
Coccinellidae (Coleoptera) are characterized by their feeding during both the larval and the
adult stages (Shalaby et al., 2008), representing one of the most important insect families
which have the potential to be used in the biological control in the agriculture as well as in
the forestry (Evans, 2010), having a high foraging performance and high reproductive
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efficacy (Rakhshan & Equbal, 2015). However, the aphidophagous ladybird beetles are
considered as important cosmopolitan predators of the aphids’species in the agricultural
crops (Omkar & Pervez, 2000) and have been receiving attention as biological control
agents due to some of their characteristics, such as the ability to feed on a wide range of
preys, to be very voracious and to have a rapid numeric response (Dixon, 2000). Therefore,
the legume aphid, A. craccivorac on stitute one of the essential preys for the majority of
Coccinellidae predators (Saharaoui et al., 2001), where both of the adult and the larval
stages of many coccinellid species feed on the aphids’ species (Waldbauer, 1988). Of these
predators, the ladybird beetle,Coccinella undecimpunctata L. (Coleoptera: Coccinellidae)
was recorded as an effective biocontrol agent against many insects' pests and was
considered as an interesting potential control agent in the context of Integrated Pest
Management (1.P.M.) (Cabral et al., 2011 and Arif et al., 2017), representing one of the
commonly observed predators in the faba bean fields (Ali et al., 2013).Also, the ladybird
beetle, Hippodamia convergens Guer. (Coleoptera: Coccinellidae) was recorded as an
effective biocontrol agent against many insects' pests and was considered as an interesting
potential control agent in the context of Integrated Pest Management (1.P.M.) (Bahy ElI-
Din, 2014).Moreover, the insects’ parasitoids constitute the main component of the
biological control applications such as; the parasitoid Diaeretiella rapae (M'Intosh)
(Hymenoptera: Braconidae), which is recorded as an important primary parasitoid of a
wide range of the aphids’ species in the world including Egypt, that was found to parasitize
the legume aphid, A. craccivora (Saleh &Gatwary, 2007 and Ali, 2014).So, the present
work was carried out to study the effect of releasing the adults of the two coccinellid
ladybird beetles, C. undecimpunctata & H. convergens and the aphid parasitoid, D.
rapaeon the faba bean plants for controlling the legume aphid, A. craccivora, in Giza
Governorate. Such experimental information is considered as one of the main concepts that
may help in planning 1.P.M strategies against the legume aphid, A. craccivora on the faba
bean plants or other plants that are subjected to attack by the insect pest species, side by
side with the other applied safe control methods, to decrease the environmental pollution.

MATERIALS AND METHODS

The present study was carried out in the experimentally designed greenhouses
located in the Biological Control Research Department, Agricultural Research Centre
(Giza Governorate), where the faba bean seeds (variety Maryout 1) were cultivated in the
third week of November, 2020, while the period for carrying out the first and the second
experiments were extended from the second & third weeks of January, 2021 till the second
&weeks of February 2021, in the first and the second experiments, respectively. Five
experimental cases were used for the two experiments, for studying the release of three
biocontrol agents; the adults of the two coccinellid ladybird beetles, C. undecimpunctata
&H. convergens and the aphid parasitoid, D. rapae, against the legume aphid, A.
craccivora attacking the faba bean plants, in comparing with two unreleased control cases
1 and 2 (with no biocontrol agents release).
1-The Experimentally Designed Greenhouses:

The following steps were followed for carrying out the experiments in this study:
a-The five greenhouses cases that were used in all experiments representing 5.95m?, each
experimental case contains three replicates (i.e., each replicate was 1.19 m?
=1.70mx0.70m). Where each replicate was represented by three double rows that were
planted with 78 faba bean plants (=26 faba bean plants/one double rowx3 double rows).
b-For the released case of the two biological control agents; C. undecimpunctata and H.
convergens, in comparing with the unreleased control 1, they contain 234 plants (=3
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casesx78 faba bean plants/one case). While, in the case of the released case of the aphid
parasitoid D. rapae, in comparison with the unreleased control 2,it contains 156 faba bean
plants (=2 cases x78 faba bean plants/one case). So, the total cultivated faba bean plants
for all five cases used were 390 plants (=5 casesx78 faba bean plants/ treatment) for all
five tested cases.

c- The distances were equal (12.5cm) between the faba bean plants and the rows, while,
the distance between the external limit from each side and the faba bean plants was 10 cm.
d-However, the investigated cases received all the recommended agricultural practices in
these experimental greenhouses throughout the periods of the two experiments 1 &2;
except the use of the chemical insecticides which were entirely avoided.

10cl

Rowl Row2 Row3

Fig. 1: The design of each of the experimental cases that were used for carrying out the
study.

2-The Rearing Technique and Infestation of The Faba Bean Plants in The

Greenhouses Cases by The Legume Aphid, A. craccivora:

The legume aphid, A. craccivora was reared in the laboratory on the faba bean

plants, according to the technique previously shownby Bahy EI-Din (2006).These
laboratory aphid species were used for two purposes; the first one was for mass raring the
three biocontrol agents (the two ladybird beetles; C. undecimpunctata & H. convergens
and the aphid parasitoid, D. rapae) in the laboratory and the second one was for putting a
suitable total primary number of 100 individuals on the faba bean plants as a laboratory
infestation in all of the five experimental tested cases.
3- The Rearing and The Releasing of The Two ladybird Biological Control Beetles;
C. undecimpunctata and H. convergens Adults on The Faba Bean Plants in The
Experimental Greenhouses, That Were Infested by The Legume Aphid, A. craccivora:
1-The two coccinellids predators were collected from the faba bean and the clover fields
and were mass-reared in the laboratory (at25+5C°&60+5%), on the legume aphid, A.
craccivora, according to the technique previously shown by Bahy El-Din (2006).
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2-For the experimental purpose, a total number of 25 pairs of each ladybird predatory
species (i.e., 50 males and females adults were put in two cups each one cup was 4.5x5.5cm
for each of the predatory species). The release of the two predatory ladybird beetles was
made only one time onl7/1/2021,according to the degree of the legume aphid, A.
craccivora recorded infestation along with experiment 1.

4- The Rearing and The Release of the Aphid Parasitoid, D. rapaeon the Faba Bean
Plants in The Experimental Greenhouses That Were Infested by The Legume Aphid,
A. craccivora:

1- The aphid parasitoid, D. rapae was collected from the parasitized cabbage aphid,
Brevicoryne brassicae (L.) (Homoptera: Aphididae), from the cabbage fields and was
mass-reared in the laboratory (at25+5C°&60+5%), on the legume aphid, 4. craccivora,
according to the technique previously shown by Abdel-Samad (2002).

2- A total number of 100 fresh formed mummies of the aphid parasitoid, D. rapae were
put only one time in 24/12/2021, on the faba bean plants for the emergence of the adults’
parasitoids of the aphid parasitoid, D. rapae for controlling the legume aphid, A.
craccivora.

Fig. 2: The infestation of the faba bean plants by the legume aphid, A. craccivora under
the greenhouse experimental cases located in Giza Governorate.

Fig. 3: The release of the two common predatory ladybird beetles against the legume aphid,
A. craccivora.

1= The releasing the adults of the coccinellid ladybird beetle, C. undecimpunctata (11 spots).
2=The releasing the adults of the coccinellid ladybird beetle, H. convergens(13 spots).

Fig. 4: The release of the aphid parasitoid,D. rapae against the legume aphid, A.
craccivora.

A= The adult aphid parasitoid, D. rapae.

B= The aphid mummies of the released aphid parasitoid, D. rapae with the parasitoid emerging hole.
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5- Sampling and the Obtained Data Calculations:

a- Sampling was done early in the morning on the faba bean plants during the period that
was extended from the second & third weeks of January 2021 till the second &weeks of
February 2021, in the first and the second experiments, respectively.

b- In the first experiment of releasing the two-ladybird beetle; C. undecimpunctata and H.
convergens, random regular samples of 10 faba bean plants were carefully examined from
each replicate (i.e., 30 faba bean plants were examined=10plants/one
replicatex3replicates). A total number of 90 faba bean plants were examined in everyday
of sampling for the three studied cases; the unreleased control 1 case (30 plants), the
released case of the ladybird beetle, C. undecimpunctata (30 plants) and the released case
of the ladybird beetle, H. convergens (30 plants). The total numbers of the legume aphid,
A. craccivora individuals of the three tested cases were recorded and counted throughout
the whole period of the faba bean plants sampling. The two released cases of the two
common biocontrol agents (the two the ladybird beetle, C. undecimpunctata &H.
convergens) were compared to the case of the unreleased control 1(no predators’ release).
The percentages of the reduction in the legume aphid, A. craccivora individuals’ population
in the two released cases were calculated and recorded in comparison with the unreleased
control 1 case. These percentages of the reduction in the legume aphid, 4. craccivora
individuals’ population was calculated according to the following equation:

% Reduction in the mean total numbers of the legume aphid, 4. craccivera
Total no. of the legume aphid, 4. craccivera in either the released case either of the two ladybird beetles; C. undecimpuncitata & H. ganvergens.

= 100- % 100

Total no. of the faba bean aphid. 4. craccivora in the unreleased control cases either 1 or 2 (no predators’ release)

c- In the second experiment of releasing the aphid parasitoid,D. rapae against the legume
aphid, 4. craccivora, a total number of 60 faba bean plants were carefully examined in
everyday of sampling for the two studied cases; the unreleased control 2 cases (30plants)
and the released control case of the aphid parasitoid, D. rapae (30 plants). The total
numbers of the legume aphid, 4. craccivora individuals of the two tested cases were
recorded and counted. Also,the total numbers of the formed mummies of the aphid
parasitoid, D. rapaein the released case of the aphid parasitoid, D. rapae were recorded
and counted throughout the whole period of the faba bean plants sampling, as an indicator
for the successful occurrence of the parasitism by the aphid parasitoid,D. rapae. The release
case of the aphid parasitoid, D. rapaewas compared to the case of the unreleased control 2
(no parasitoids release).

6- Statistical Analysis and The Weather Factors Correlation Relationships of The
Obtained Data:

a-The obtained data were carefully tabulated and statistically analyzed to calculate the
means and the R-values (the correlation coefficient) by using SPSS program version
(15.0.).

b-The weather factors including the means of temperatures and the means of the relative
humidity were obtained from the Meteorological Station at A.R.C., to find out the
correlation relationships with the obtained data in this study.

RESULTS AND DISCUSSION

Data presented in Tables (1 &2) and Fig. (7), showed the effect of releasing the
adults of the two coccinellid ladybird beetles; C. undecimpunctata &H. convergens and the
aphid parasitoid, D. rapae on the faba bean plants for controlling the legume aphid, A.
craccivora,in the greenhouses cases located in Giza Governorate.
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1- The First Experiment of Releasing the Two Coccinellids Ladybird Beetles; C.
undecimpunctata &H. convergens predators against the Legume Aphid, A. craccivora
Individuals:

For the population density of the legume aphid, 4. craccivora individuals in the
unreleased control 1 case, as shown in Table (1) and Fig. (7), during the period of
experiment 1, the legume aphid, 4. craccivora individuals had a number of 100 individuals
in 10/1/2021 (at means of the temperature of 17.10C°&the relative humidity of 45.40%).
They reached a maximum total number of 5189 individuals in 21/1/2021 (at
13.30C°&57.90R.H. %). Finally, there was a total number of 1423 individuals in 7/2/2021
(at 17.50C°&68.30R.H. %). The mean total number of the legume aphid, A. craccivora
individuals per the period of experiment 1 was 2360.92+419.77(100-5189)individuals.
However, the legume aphid, 4. craccivora was recorded as a pest of the faba bean plants
by many authors such as Mahmoud et al. (2015) and Abd El-Wareth (2016).

For the adults' predators of the ladybird beetle, C. undecimpunctata case, as shown
in Table (1) and Fig. (7), during the period of experiment 1, the legume aphid, 4. craccivora
individuals had a number of 100 individuals in 10/1/2021 (at means of the temperature of
17.10C°& the relative humidity of 45.40%). They reached a maximum total number of
2861 individuals in 17/1/2021 (at 16.30C°&46.20R.H. %). Finally, there was a total
number of 101 individuals in 7/2/2021 (at 17.50C°&68.30R.H. %). The mean total number
of the legume aphid, A. craccivora individuals per the period of experiment 1 was
715.30+235.30 (100-2861) individuals. The percentage of the reduction in the total number
of aphid individuals per the period of the experiment was 69.70%. While, as shown in
Table (1) and Fig. (7), for the adults' predators of the ladybird beetle, H. convergens case,
during the period of experiment 1, the legume aphid, A. craccivora individuals had a
number of 100 individuals in 10/1/2021 (at means of the temperature of 17.10C°& the
relative humidity of 45.40%). They reached a maximum total number of 2975individuals
in 17/1/2021 (at 16.30C°&46.20R.H. %). Finally, there was a total number of 227
individuals in 7/2/2021 (at 17.50C°&68.30R.H. %). The mean total number of the legume
aphid, 4. craccivora individuals per the period of experiment 1 was 933.00+247.47 (100-
2975) individuals. The percentage of the reduction in the total number of aphid individuals
per the period of experiment 1 was 60.48%.

Many investigators such as; Benrey& Lamp (1994) showed that, in agricultural
systems, the use of the natural enemy complexes, as opposed to a single enemy strategy,
has been a controversial issue in the management and the biological control of pests. The
aphidophagous ladybird beetles have been receiving attention as biological control agents
due to some of their characteristics, such as the ability to feed on a wide range of prey,
bevery voracious and having a rapid numeric response (Dixon, 2000). The predators that
belong to the family Coccinellidae comprise one of the most active groups of the predatory
species that gained the interest of many investigators as an important group of the predators
in the field of the biological control of insects’ pests attacking the different crop plants
(Bahy El-Din, 2006). In addition, Rakhshan and Equbal (2015) stated that the coccinellid
beetles due to their high foraging performance, immense predatory potential, and high
reproductive efficacy, possess the potential to be effectively employed in biological control
programs. The prey consumption increased with an increase in the number of the prey
insects supplied as food (Watagodakumbura & Ahangama, 2001). The ladybird beetles are
very popular cosmopolitan insects, most of which feed on aphids, mealy bugs, scale insects,
whiteflies, thrips, leathoppers, mites, or other small soft-bodied insects (Singh et al., 2009).
Fore example, the ladybird beetle, C. undecimpunctata is a euriphagous predator, which
prefers to feed on aphids (Cabral et al., 2011 and Ali et al., 2013). Moreover, the ladybird
beetle, H. covergens was recorded as a predator of aphids by El-Heneidy et al. (2008) and
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Bahy El-Din (2014). Where, the legume aphid, 4. craccivora constitutes the essential prey
for the majority of the family Coccinellidae (Saharaoui ef al., 2001). In addition, Saranya
et al. (2010) stated that, by taking into consideration the adverse effect of insecticides, pest
management through biological control is encouraged by using predators, parasitoids and
pathogens.

Table 1: Mean total numbers of the legume aphid, A. craccivora individuals that were
recorded one the faba bean plants, in comparing; the unreleased control 1 (no
predator release), with those recorded after releasing the two ladybird beetles, C.
undecimpunctata and H. convergens against the pest, in Giza Governorate.

Dates of The case of the The case of the The case of the The weather factors
Mo. | sampling ladybird beetle, C. ladybird beetle, . | unreleased control 1 Mean temperature Mean
undecimpunciata COMVErgens (CH EH%
1 10/1/2021 100 100 100 17.10 4340
2 121 421 448 6435 18.30 39.30
3 14/1 1103 1154 1327 19.90 34.20
4 171 2861 2975 3253 16.30 46.20
5 18/1 2060 24135 4043 17.70 33.00
6 [211 o1 1430 3189 13.30 37.90
7 (241 609 1191 4329 14.90 63.30
g [261 349 698 3180 16.20 56.40
9 [281 285 431 1678 15.30 47.50
10 ] 311 218 403 1862 16.80 36.10
11 |22 167 370 1970 20.30 37.50
12 ] 42 134 289 1693 18.90 65.50
13 | 72 101 27 1423 17.50 68.30
Total 209 12129 30692
(F.ange) (100-2861) (100-2973) (100-5189) 17.12C* 50.35%
Mean= 5 E. 71330223330 0330024747 (13.30-20.30C7) (34.20-
23609241977 68.50%)
% Reduction in
the total no. of 69.70% 60.48%
the aphid
individuals
- Statistical analysis of the obtained data in Table (1) revealed that:
- There was no significant correlation between the total numbers of the aphid individuals in the case of the unreleased control 1
and the total numbers of the aphid individuals in the released one of the ladybird beetle C. undecimpunciata (the r-value
waz=0.479).
- There was a moderately significant correlation between the total numbers of the aphid individuals in the unreleased control
case 1 and the total numbers of the aphid individualz in the released one of the ladybird beetle A convergens (the r-value
was=0.647%¥).
There was a very highly significant correlation between the total numbers of the aphid individuals in the released one of the
ladybird beetle C. undecimpuncrata and the total numbers of the aphid individuals in the releazed one of the ladybird beetle &
convergens (the r-value was={ 07g¥¥=%)_

Note: *Significant (0.500-0.600) **Moderate significant (0.600-0.800) ***Highly significant (0.800-0.900)
****Very highly significant>0.900.

5

Fig. 5: The newly laid eggs and the formed larvae of the ladybird predatory beetles that
were recorded after the release of these two common predatory species (C.
undecimpunctata and H. convergens) against the legume aphid, 4. craccivora.
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Statistical analysis of the obtained data in Table (1) revealed that:

a-There was no significant correlation between the total numbers of the aphid individuals
in the case of the unreleased control 1 and the total numbers of the aphid individuals in the
released one of the ladybird beetle C. undecimpunctata (the r-value was=0.479).

b-There was a moderately significant correlation between the total numbers of the aphid
individuals in the unreleased control case 1 and the total numbers of the aphid individuals
in the released one of the ladybird beetle H convergens (the r-value was=0.647*%*).
c-There was a very highly significant correlation between the total numbers of the aphid
individuals in the released case of the ladybird beetle C. undecimpunctata and the total
numbers of the aphid individuals in the released one of the ladybird beetle H convergens
(the r-value was=0.978****),

2- The Second Experiment of The Releasing of The Aphid Parasitoid, D. rapae against
the Legume Aphid, A. craccivora Individuals:

For the population density of the legume aphid, A. craccivora individuals in the
unreleased control 2 case, as shown in Table (2) and Fig. (7), during the period of
experiment 2, the legume aphid, 4. craccivora individuals had a number of 100 individuals
in 21/1/2021 (at means of the temperature of 13.30C°&the relative humidity of 57.90%).
They reached a maximum total number of 3582 individuals in 14/2/2021 (at
15.50C°&69.50R.H. %). Finally, there was a total number of 1894individuals in 18/2/2021
(at 12.20C°&64.80R.H. %). The mean total number of the legume aphid, A. craccivora
individuals per the period of experiment 2 was 1672.79+313.10 (100-3582) individuals.

For the aphid parasitoid, D. rapae case, as shown in Table (2) and Fig. (7), during
the period of experiment 2, the legume aphid, 4. craccivora individuals had a number of
100 individuals in 21/1/2021 (at means of the temperature of 13.30C°&the relative
humidity of 57.90%). They reached a maximum total number of 2711 individuals in
14/2/2021 (at 15.50C°&69.50R.H. %). Finally, there was a total number of 1634
individuals in 18/2/2021 (at 12.20C°&64.80R.H. %). The mean total number of the legume
aphid, 4. craccivora individuals per the period of experiment 2 was 1380.76+248.84 (100-
2711) individuals.The total number of the mummies of the aphid parasitoid, D. rapae
increased at the end of experiment2 in the release case of the aphid parasitoid, D. rapae.
This indicated that the D. rapae adults’ parasitoids were emerged from the parasitized
aphid mummies and began to parasitize newly aphid individuals and thus the total number
of the aphid mummies were increased at the end of season (successful parasitism of the
aphid parasitoid, D. rapae has occurred). However, the aphid parasitoid,D. rapaewas
recorded in association with the field. The population of the legume aphid, 4. craccivora
infesting the faba bean plants (Ragab ef al, 2002; Saleh &Gatwary, 2007andAlj,
2014),which is an important primary parasitoid of a wide range of the aphids’ species in
the world.

Statistical analysis of the obtained data in Table (2) revealed that:

1-There was a very highly significant correlation between the total numbers of the aphid
individuals in the case of the unreleased control 2 and the total numbers of the aphid
individuals in the case of the released aphid parasitoid, D. rapae (the r-value
was=(.989%***),

2-There was a moderately significant correlation between the total numbers of the aphid
mummies of the aphid parasitoid, D. rapae and the total numbers of the aphid individuals
in the case of the unreleased control 2 (the r-value was=0.741%*%*).
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Table 2: Mean total numbers of the legume aphid, 4. craccivora individuals that were
recorded per one the faba bean plants, in comparing; the unreleased control 2 (no
predator release), with those recorded after releasing the aphid parasitoid, D. rapae
against the pest, in Giza Governorate.

The area of the parasitoid, D. rapae Total no. of the The weather factors
Dates of Total no. of the Total no. of | % formation of | Total no. of |aphid individuals Mean Mean
No. | sampling | aphid individuals the aphid the aphid increased |in the unreleased [temperature(C°) RH%
mummies mummies mummies control area 2
1 | 21/1/2021 100 0 0.00 0 100 13.30 57.90
2 24/1 124 0 0.00 0 137 14.90 65.30
3 26/1 317 0 0.00 0 365 16.20 56.40
4 28/1 635 0 0.00 0 692 15.30 47.50
5 31/1 721 0 0.00 0 871 16.80 36.10
6 2/2 1667 0 0.00 0 1940 20.30 37.50
7 4/2 1704 100 5.86 0 2076 18.90 65.50
8 7/2 1759 105 5.96 5 2184 17.50 68.30
9 9/2 1858 131 7.05 31 2479 22.50 43.90
10 11/2 2425 257 10.59 157 3061 16.90 61.50
11 14/2 2711 346 12.76 246 3582 15.50 69.50
12 16/2 2295 362 15.77 262 2364 12.60 69.30
13 | 182 1634 387 23.68 287 1894 12.20 64.80
Total 17950 1688 Mean % 988 21745 16.37C° 57.19%
(Range) (100-2711) (0-387) 6.28% (0-287) (100-3582) (12.20- (36.10-
Mean + S.E. 1380.76+248.84 |129.844+42.78 | (0-00-23.68%) | 76.00+32.23 | 1672.79+313.10 22.50C%) 69.50%)
- Statistical analysis of the obtained data in Table (2) revealed that:
- There was a very highly significant correlation between the total numbers of the aphid individuals in the case of the unreleased control 2
and the total numbers of the aphid individuals in the case of the released aphid parasitoid, D. rapae (the r-value was=0.989***¥),
- There was a moderately significant correlation between the total numbers of the aphid mummies of the aphid parasitoid, D. rapae and the
total numbers of the aphid individuals in the case of the unreleased control 2 (the r-value was=0.741%%).

Note: *Significant (0.500-0.600) **Moderate significant (0.600-0.800) ***Highly significant (0.800-0.900)
****Very highly significant>0.900.
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Fig. 7: The mean total numbers of the legume aphid, A. craccivora individuals that were
recorded in the different experimental areas cultivated with the faba bean plants, in
the greenhouses located in Giza Governorate.
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5- The Relationships That Existed Between Many Tested Factors and The Weather
Factors Concerning the Means of Temperatures and The Relative Humidity, In the
Greenhouses Located in Giza Governorate:

Data obtained in Table (4) showed the correlation relationships (r-values) that were
occurred between the mean total numbers of the legume aphid, A. craccivora individuals
in the unreleased control 1 case, the mean total numbers the mean total numbers of the
legume aphid, A. craccivora individuals in the released area of the aphid parasitoid, D.
rapae, with the means of the temperatures and the relative humidity, in the greenhouses
located in Giza Governorate.

Table 3: The correlation relationships(r-values) that were occurred between the mean total
numbers of the legume aphid, A. craccivora individuals in the unreleased
control 1 case, in the released cases of the two ladybird beetles; C.
undecimpunctata, H. convergens,in the unreleased control 2 case and in the
released case of the aphid parasitoid, D. rapae, with the means of the temperatures
and the means of the relative humidity, in the greenhouses cases located in Giza

Governorate.
No. The tested factors The weather factors
The means of the| The means of the relative
temperatures (C™) humidity (R.H. %)
1 | -The mean total oumbers of the legume aphid, A4 -0.608%* 0435
craccivora individuals in the unreleased control 1 case.
2 | -The released case of the ladybird beetle, C -0.119 -0.079
undecimpunciata.
3 | -The released case of the ladybird beetle, . convergens. -0.242 0.034
4 | -The mean total numbers of the legume aphid, 4. craccivora 0276 0.284
individuals in the unreleased control 2 case.
5 | -The released case of the aphid parasitoid, D. rapas. 0.208 0.526%
6 | -The total numbers of the aphid mummies in the released -0.359 0.581*
case 2 of the aphid parasttoid, D. rapas.

- Statistical analysis of the obtained data in Table (3) revealed that:

- There was a negative moderate significant correlation between the mean total numbers of the legume aphid, 4 craccivora
individuals in the unreleased control 1case and the means of temperatures (C°) (the r-value was= -0 608**).

- There was no significant correlation between the mean total numbers of the legume aphid, 4 craccivora individuoals in the
unreleased control 1case and the means of the relative humidity (R_H. %4) (the r-value was=-0.433).

-There was no significant correlation between the released case of the ladybird beetle, C. undecimpunctata and the means of
temperatures (C) (the r-value was=-0.119).

-There was no significant correlation between the released case of the ladybird beetle, C. undecimpunctata and the means of the

relative humidity (F.H. %) (the r-value was=-0.079).

-There was no significant correlation between the released case of the ladybird beetle, H. comvergens and the means of

temperatures (C7) (the r-value was=-0.242).

-There was no significant correlation between the released case of the ladybird beetle, H. convergens and the means of the
relative humidity (R H. %) (the r-value was= -0.034).

-There was no significant correlation between the mean total numbers of the legume aphid, 4. craccivora individoals in the
released case of the aphid parasitoid, D). rapae and the means of temperatures (C°) (the r-value was=0.208).

-There was a significant correlation between the mean total numbers of the legume aphid, 4. craccivora individuals in the

released case of the aphid parasitoid, D. rapae and the means of the relative humidity (FR_H. %) (the r-value was=0.526").

-There was no significant correlation between the mean total numbers of the aphid mummies in the released case of the aphid

parasitoid, D. rapae case and the means of temperatures (C°) (the r-value was=0.359).

-There was a significant correlation between the mean total numbers of the aphid mummies in the released case of the aphid

parasitoid, D. rapae and the means of the relative humidity (R.H. %) (the r-value was=0.581%).

Note: *Significant (0.500-0.600) **Moderate significant (0.600-0.800) ***Highly significant (0.800-0.900)
*¥*%*\/ery highly significant>0.900.

Statistical analysis of the obtained data in Table (3) revealed that:

1-There was a negative moderate significant correlation between the mean total numbers
of the legume aphid, A. craccivora individuals in the unreleased control case 1 and the
means of temperatures (C°) (the r-value was=-0.608**).
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2-There was no significant correlation between the mean total numbers of the legume
aphid, A. craccivora individuals in the unreleased control 1 case and the means of the
relative humidity (R.H. %) (the r-value was=-0.435).

3-There was no significant correlation between the released case of the ladybird beetle, C.
undecimpunctata and the means of temperatures (C°) (the r-value was=-0.119).

4-There was no significant correlation between the released case of the ladybird beetle, C.
undecimpunctata and the means of the relative humidity (R.H. %) (the r-value was=-
0.079).

5-There was no significant correlation between the released area of the ladybird beetle, H.
convergens and the means of temperatures (C°) (the r-value was=-0.242).

6-There was no significant correlation between the released case of the ladybird beetle, H.
convergens and the means of the relative humidity (R.H. %) (the r-value was= -0.034).
7-There was no significant correlation between the mean total numbers of the legume
aphid, A. craccivora individuals in the released case of the aphid parasitoid, D. rapae and
the means of temperatures (C°) (the r-value was=0.208).

8-There was a significant correlation between the mean total numbers of the legume aphid,
A. craccivora individuals in the released case of the aphid parasitoid, D. rapae and the
means of the relative humidity (R.H. %) (the r-value was=0.526%).

9-There was no significant correlation between the mean total numbers of the aphid
mummies in the released case of the aphid parasitoid, D. rapae and the means of
temperatures (C°) (the r-value was= -0.359).

10-There was a significant correlation between the mean total numbers of the aphid
mummies in the released case of the aphid parasitoid, D. rapae and the means of the relative
humidity (R.H. %) (the r-value was=0.581%).

CONCLUSION

1-The percentage of the reduction in the total number of the aphid individuals per the period
of experiment 1 was 69.70%, in case of the released case of the ladybird beetle, C.
undecimpunctata, in comparing with the unreleased control 1 case. While, the percentage
of the reduction in the total number of the aphid individuals per the period of experiment]
was 60.48%, in case of the released case of the ladybird beetle, H. convergens, in
comparing with the unreleased control 1 case.

3-The total number of mummies of the aphid parasitoid D. rapae increased at the end of
experiment2 in the released case of the parasitoid, D. rapae. This indicated that the D.
rapae adults’ parasitoids were emerged from the parasitized aphid mummies and began to
parasitize newly aphid individuals and thus the total number of the aphid mummies were
increased at the end of season (successful parasitism of the aphid parasitoid, D. rapae has
occurred).

4-The obtained results indicated the important role of releasing the two predators ladybird
beetles;C. undecimpunctata &H. convergens and also the aphid parasitoid, D. rapae,as
three biocontrol agents against the legume aphid, A. craccivora on the faba bean plants
and/or the other related plants that suffer from pest attack. Using such biocontrol agents
must be included in I.P.M. strategies, for substituting the chemical control methods in order
to avoid the hazards of the direct insecticide application.

5-Statistical analysis of the obtained data concerning the correlation relationships (r-
values), that were occurred between the mean total numbers of the legume aphid, A.
craccivora individuals in the unreleased control case 1, the mean total numbers of the
legume aphid, A. craccivora individuals in the released area of the two ladybird beetles, C.
undecimpunctata &H. convergens, the mean total numbers of the legume aphid, A.
craccivora individuals in the unreleased control case 2, the mean total numbers of the
legume aphid, A. craccivora individuals in the released area of the aphid parasitoid, D.
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rapae, with the means of the temperatures and the relative humidity, in the greenhouses
cases located in Giza Governorate, revealed the following:

1-There was a negative moderate significant correlation between the mean total numbers
of the legume aphid, A. craccivora individuals in the unreleased control case 1 and the
means of temperatures (C°) (the r-value was=-0.608**).

2-There was no significant correlation between the mean total numbers of the legume
aphid, A. craccivora individuals in the unreleased control 1 case and the means of the
relative humidity (R.H. %) (the r-value was=-0.435).

3-There was no significant correlation between the released case of the ladybird beetle, C.
undecimpunctata and the means of temperatures (C°) (the r-value was=-0.119).

4-There was no significant correlation between the released case of the ladybird beetle, C.
undecimpunctata and the means of the relative humidity (R.H. %) (the r-value was=-
0.079).

5-There was no significant correlation between the released area of the ladybird beetle, H.
convergens and the means of temperatures (C°) (the r-value was=-0.242).

6-There was no significant correlation between the released case of the ladybird beetle, H.
convergens and the means of the relative humidity (R.H. %) (the r-value was= -0.034).
7-There was no significant correlation between the mean total numbers of the legume
aphid, A. craccivora individuals in the released case of the aphid parasitoid, D. rapae and
the means of temperatures (C°) (the r-value was=0.208).

8-There was a significant correlation between the mean total numbers of the legume aphid,
A. craccivora individuals in the released case of the aphid parasitoid, D. rapae and the
means of the relative humidity (R.H. %) (the r-valuewas=0.526%*).

9-There was no significant correlation between the mean total numbers of the aphid
mummies in the released case of the aphid parasitoid, D. rapae and the means of
temperatures (C°) (the r-value was= -0.359).

10-There was a significant correlation between the mean total numbers of the aphid
mummies in the released case of the aphid parasitoid, D. rapae and the means of the relative
humidity (R.H. %) (the r-value was=0.581%).
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100-) 247.47 +933.00 43l 5 5% A, craccivora the legume aphid,ll sl el  JlaaY) daall
Al 2y il (846,760.48 ly Ay jaill 6 58 JOA ell dlea ) dlaaill 8 (eadd WA shall Al 13 4 (2975
@) ddls 8 A, craccivora the legume aphid, <l séall el (Jlaa) 2asll Jas sie IS sl jall 238 8
248.84 + 1380.76 s» Diaeretiella rapae (M'Intosh)(Hymenoptera: Braconidae) ¢l Jihk
313.10 + 1672.79) (2 Js5iS) Jsihall (33Ua) (51 L o ol A Alil) ) e 4% 5l ¢ 13,8 (100-2711)
5 (2% (100-3582)

e a5 ad) o G il agall sall e 2 Lgle Jseanll 4 il kil casa g cell
D. rapae ool diika €35 ¢ H, convergens dkii 5 uie 2331 53 sl 5if 5 C. undecimpunctata ik
the <l il (e i (dan o) sl A8Sall UL 3 Vi) | aaaie Jiad) ¢ &y goall AnilSl) 3 Alad ol gaS ¢
Jaalaall ol Jodll Jsia b g8l e Jasll (Say ¢ 1315 Jsdll clils e degume aphid, A. craccivora
D ALalSEAl B plaY) clal yial A lgisaad e Jandl cang LS ¢ 28V g aaled Sl 5 dlall cild 5 aY)
AL AadSall (3 ha aladiul e daalill B Jidal ¢ (1P, ML)



