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ABSTRACT

The current study aimed to estimate the seasonal abundance of aphid species and their associated parasitoids
on navel orange trees across the two seasons of 2021 and 2022 and to evaluate the potential impact of Aphidius
matricariae Haliday against Aphis gossypii (Glover) during the period extended from August 2022 to January 2023.
The results showed that the major aphid species were A. gossypii, Aphis citricola (van der Goot), Myzus persicae
(Sulzer), and Aphis craccivora Koch. Data also revealed that A. matricariae, Trioxys sp., and Praon sp. were recorded
as primary parasitoids and Charips sp. as a hyperparasitoid parasitoid. The behavior of A. matricariae varied
according to the different host densities, since increased host density led to increased stings and mummies, and
decreased leaf arrival times and host arrival times. By rearing A. matricariae on A. gossypii for three successive
generations, the sex ratio (females: males) was nearly 1: 1 in the first two generations, but males dominated in the
third ones (2.83:1). The obtained results showed that the parasitoid A. matricariae was the most abundant and
efficient species and could be included in future biocontrol programs against A. gossypii.

L),

Cross Mark

Keywords Aphid parasitoid, ecology, biology, navel orange

INTRODUCTION

Citrus is considered as an important fruit crop
worldwide (Al-taha et al., 2012). In Egypt, citrus has strategic
importance because it is an essential exporting crop. Like other
plants, citrus is subjected to infestation with several species of
insect pests. Literatures cleared that Aphis gossypii Glover,
Aphis craccivora Koch, Aphis spirocola Putch, and Myzus
persicae (Sulzer) were the most dominant insect species on
citrus trees (Uygun and Satar, 2008; Satar et al., 2014). The
available data on the population fluctuations of citrus aphids
are partially few due to the difficulties of sampling (Laphchin
et al., 1994). High levels of aphid infestation may reduce the
market value of citrus fruits directly by sucking phloem sap
and secreting honeydew which collects dust and encourages
the growth of sooty mold (Kaneke 2007and Marroquin et al.
2004). Randomly applying conventional pesticides could
result in residual toxicity, environmental damage, and
unfavorable effects on creatures that aren't intended targets
(Biological Control Task Force, 2005). To avoid any negative
consequences of chemical control on the natural enemies,
scientists must create a biological control program as part of
the Integrated Pest Management (IPM) approach. (Satar et al.,
2020).

Aphidius matricariae Haliday was one of the most
dominant aphid parasitoids species (Hemidi and Laamari,
2020). It appeared to be a promising candidate as a biocontrol
agent against A. gossypii in the IPM program strategy
(Bouhachem, 2014).

Therefore, the objectives of this work are to provide an
overview of the aphid species and their parasitoids on navel
orange trees and to determine some biological and behavioral
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parameters of A. matricariae as a way to determine its
potential effect against A. gossypii.

MATERIALS AND METHODS

1. Ecological studies
Survey and estimation of parasitism aphid parasitoids on
navel orange trees.

The current investigation was carried out at Kafr Saqr
district, Sharkia Governorate, Egypt, during the two
successive seasons of 2021 and 2022 to assess the seasonal
abundance of aphid species and their associated parasitoids.
An experimental area of about two hectares were chosen. For
the current investigation, four equally aged, sized, and shaped
trees were selected at random. Ten leaves of varying sizes were
selected from various sites, peripheral, inner zone, lower and
middle sites of the tree, yielding a sample of forty infested
leaves/samples. The samples were placed in paper bags and
transported to the laboratory. Aphid nymphs and adults were
counted directly This area received all the typical
recommended agricultural practices without using chemical
pesticides..

In each sample date, 50 aphid individuals were
selected randomly and kept with leaves of orange in Petri - dish
till the formation of mummies to estimate the parasitism rates.
The mummified aphids were separated and kept in small glass
tubes until adult parasitoids emerged. The successful emerged
wasps were categorized and identified with the assistance of
Prof. Dr. A. El-Heneidy, Biological Control Department.
Agricultural Research Center. Giza, Egypt. The parasitism
percentage was calculated according to formula of Ferrell and
Stufkens (1990).
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2.Biological studies
Life cycle of A. matricariae on A. gossypii

The laboratory culture of the cotton aphid, A. gossypii
was kept under controlled conditions 20. 0°C #1°C and 65
+2RH%. during an experimental period extended from
August 2022 to January 2023. Aphid were reared on
immature, caged navel orange seedlings, or on young,
detached leaves laid flat on the bottom of a clear plastic jar.
The jar was inverted so that the aphids fed in a natural position
on the underside of the leaf that was changed daily. The
laboratory culture of A. matricariae began with mummies
collected from the field samples. These mummified aphids
were placed singly in small glass tubes and the emerged adults
were provided with sugar solution until used. To assess the
durations of various immature stages of the parasitoid, A.
matricariae, it kept with its host, A. gossypii, for four hours .
For the purpose of monitoring the development of the
parasitoid, forty aphid nymphs were dissected every day.

Sex ratio:

A culture was established by three successive
generations to calculate the sex ratio of A. matricariae adults
reared on the third nymphal instar of A. gossypii. By dividing
the total number of emerging females by the total number of
emerged males found in field mummies, the sex ratio (female:
male) was determined during the three successive generations
of A. matricariae. The proportion of adults who successfully
emerged was also estimated.

Effect of aphid density on parasitoid behavior

The parasitoid's behavior was observed and recorded
for 30 minutes. During this period the time between the
introduction and first contact of female with the whole food,
leaf (leaf - arrival time) and host (host- arrival time), number
of stings, and number of mummified aphids were determined.
The experiment was replicate five times, each with a new
parasitoid female.
Statistical analysis

One-way ANOV A was used to compare the biological
characteristics of the parasitoid A. matricariae on A. gossypii,

and Duncan's(1955) Multiple Range Test was used to separate
the means (Cohrot Software, 2004).

RESULTS AND DISCUSSIONS

Results
1.Ecological studies
Survey and estimation of parasitism aphid parasitoids on
the navel orange trees

The aphid species, Aphis gossypii (Glover), Aphis
citricola (van der Goot), Myzus persicae (Sulzer), and Aphis
craccivora Koch, all of which are members of the Homoptera,
were observed on navel orange leaves. Total aphid species had
three peaks of abundance in the first seasons which were
during the third weeks of April and May and the second week
of June (519, 632, and 545 individuals / 40 leaves). However,
in the second season, one peak only was recorded (629
individuals/40 leaves) during the fourth week of April .

Four hymenopterous parasitoid species were recorded
during the study, three of them were primary parasitoids,
Aphidius matricariae, Trioxys sp., Praon sp., and one was a
secondary parasitoid, Alloxysta (Charips) sp. The most
prevalent aphid species on navel orange trees was A. gossypii,
while the main parasitoid species was A. matricariae.

The relative occurrence of the parasitoids

In the first season, the primary parasitoid, A.
matricariae was detected at a very high density (100%) during
the fourth and third weeks of March. The corresponding
temperature ranged from 17.07 to 20.71 °C. A. matricariae
maintained a high density until the third week of April (45.45—
66%0). This average annual density of the parasitoid was
51.91% (Table 1). The same trend was observed in the second
season, where A. matricariae accounted for 100% of all
parasitoids from the second week of March through the end of
March, making it the most common species. The temperatures
at this time ranged from 16.67 to 17.28 °C and from 53.56 to
55.60 RH%. The high relative density of A.matricariae
persisted (28.57 to 75.90 %). The average annual density of the
parasitoid was 50.29% (Table 2).

Table 1. Parasitism rate of aphid species (A. gossypii, A. citricola, M. persicae, A. craccivora) on navel orange season 2021

Sample Toﬁa(; % Emerged parasitoid Hypt;r parasitoid | Total

aphid Mummies " A.matricariae Trioxyssp.  Praonsp. Charips sp. Total
date  species Parasiim —o RD% No. RD% No. RD% No. _ RD% Temp. RH%
March, 39 15 0 0 0 0 0 0 0 0 0 0 0 17.07 56.02
4 42 2 4.76 1 100 0 0 0 0 0 0 1 1801 5436
April 1% 79 7 8.86 5 100 0 0 0 0 0 0 5 238 5771
2 152 10 6.58 7 100 0 0 0 0 0 0 7 2102 4949
3 519 24 4.62 19 100 0 0 0 0 0 0 19 2071 4061
4t 335 29 8.66 13 59.09 6 2727 3 1364 O 0 22 212 5482
May, 1% 454 43 9.47 19 51.35 10 2703 8 2162 0 0 37 2531 6212
2 491 69 14.05 40 65.57 12 1967 9 1475 0 0 61 288 60.39
3 632 83 13.13 49 66.22 13 1757 8 10.82 4 541 74 278 56.41
4t 487 78 16.07 30 54.55 10 1818 7 1273 8 14.55 55 29.06 58.95
Jung 1% 453 62 13.69 28 52.83 12 2264 8 1509 5 943 53 3013 53.25
2 545 59 10.83 23 46.94 14 2857 9 1837 3 6.12 49 3039 6214
3 391 31 7.93 10 4545 6 2727 4 1818 2 9.09 22 311 6138
4t 403 20 4.96 8 47.06 5 2941 2 1176 2 11.76 17 285 5859
July,1% 205 6 293 2 50.0 1 25.0 0 0 1 25.0 4 3043 62.08
2 126 2 159 0 0 0 0 0 0 1 0 1 315 6127
3 64 0 0 0 0 0 0 0 0 0 0 0 3113 63.10
4 33 0 0 0 0 0 0 0 0 0 0 0 308 61.08
Total 5426 525 128.12 254 986.27 89.0 24261 58.0 13696 26.0 81.36 427
ven %2047+ 7426 1440+ 5191+ 494x 1348+ 320+ 761+ Ld4r A5 2372+

49.26 6.90 121 350 7.76 129 294 089 193 053 1.07 5.83
. No.=Number RD%= Relative density
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Table 2 Parasitism rate of aphid (A. gossypii, A.citricola, M. persicae, A. craccivora) on navel orange season 2022

Sample Total % Emerged parasitoid Total

aphid Mummies . A.matricariae  Trioxys sp. Praon sp. Charipssp.  Total o
date species Parasitim 0. RD% No. RD% No. RD% No. RD% Temp. RH%
March,1% 35 0 0 0 0 0 0 0 0 0 0 0 1885 57.82
2 57 3 5.26 2 100 0 0 0 0 0 0 2 16.67 53.56
3 105 8 7.62 5 100 0 0 0 0 0 0 5 1848 522
4mn 195 17 8.72 11 100 0 0 0 0 0 0 11 1728 55.6
April 1% 390 47 12.05 26 6667 13 3333 0 0 0 0 39 2102 584
2 423 68 16.08 36 70.59 9 1765 6 11.76 0 0 51 20.71 4749
3 427 63 14.75 31 5637 20 36.36 4 7.27 0 0 55 222 4962
4t 629 109 17.33 69 7583 14 1538 8 8.79 0 0 91 251 679
May, 1% 590 115 19.49 63 7590 12 1446 5 6.02 3 3.62 83 283 56.6
2nd 567 91 16.05 47 71.21 9 1363 7 10.61 3 4.55 66 29.06 56.41
3 489 86 17.59 35 54.69 8 1250 14 21.88 7 10.93 64 255 597
4t 598 82 13.71 29 52.73 7 1273 10 18.18 9 16.36 55 307 595
June, 1% 371 46 12.39 11 30.56 6 16.67 9 25.0 10 27.77 36 2892 583
2 282 30 10.63 9 39.13 5 2174 5 2174 4 17.39 23 3013 633
3 215 19 8.84 5 3333 2 1334 6 40.0 2 13.33 15 304 605
4mn 160 10 6.25 2 2857 0 0 2 28.57 3 4286 7 289  60.7
July, 1% 79 3 3.79 0 0 0 0 0 0 1 100 1 3039 566
2 39 0 0 0 0 0 0 0 0 0 0 0 3025 619
3¢ 0 0 0 0 0 0 0 0 0 0 0 0 309 595
Total 5651 19055 3810 95556 105 207.79 760 19982 42 23681 604
Mean 2974+ 10.03+ 20.05+ 50.29+ 553+ 10.94+ 400+ 1052+ 221+ 1246+ 31.79+

49.69 144 5.04 789 139 262 0.98 278 074 555 7.02

.No.=Number RD%= Relative density

The primary parasitoid, Trioxys sp. began to appear in
the fourth week of April by 27.27% (21.20 °C and 54.82%
R.H.). The parasitoid density ranged from 17.57 % in the third
week of May (27.80 °C and 56.41 R.H.%) to 29.41% in the
fourth week of June (28.50 °C and 58.59 R.H.%). This
average annual density was 13.48%. (Table 1). In the second
season, Trioxys sp. initially appeared in the first week of April
(2022, 33.33%). The parasitoid density ranged from 12.50 %
by the fourth week of December (25.50 °C and 59.70 R.H.) to
36.36 % in the third week of April (22.20 °C and 49.62 R.H.).
The average annual parasitoid's average density was 10.94%
(Table 2).

The first occurrence of the primary parasitoid, Praon
sp., was in the fourth week of April (13.64%) in 2021 season
. The relative occurrence of the parasitoid ranged from 10.82%
in the third week of May to 21.62% in the first week of May,
with an annual average of 7.61% (Table 1). In the second
season, Praon sp. appeared to debut with 11.76%. The relative
occurrence of the parasitoid ranged from 6.02% in the first
week of May to 40.00% in the third week of June with an
annual average of 10.52% (Table2).

The hyper parasitoid, Charips sp. began to appear
(5.41%) inthe third week of May during the first season of the

study. The first week of July had the highest parasitoid
occurrence (25.00%). The average annual occurrence of the
parasitoid was 4.52% in the first season (Table 1). The first
occurrence of Charips sp. in the second season was on May 1%
(3.62%). The first week of July showed the highest density of
the parasitoid (100.0 %) with an annual average of 12.46%
(Table 2).

Parasitism %o:

In 2021 season, parasitism ranged from 1.59 to a
maximum of 16.07% in the fourth week of May with an
annual mean of 7.12%, (Table 1). Inthe second season (2022),
it ranged from 3.79 to a maximum of 19.49% in the first week
of May with an annual mean of 10.03 % (Table 2).

Relative densities of aphid parasitoids

As seen in Table 3, three main parasitoid species were
recorded, and they could be arranged in descending order
according to their general relative densities during the two
study seasons as follows: Aphidius matricariae Haliday,
Trioxys sp., Praon sp., and one hyperparasitoid, Charips sp.
representing by 59.49, 20.84, 13.58, 6.09% and 63.08, 17.39,
12.58, 6.95% of the total parasitoids collected, consecutively.

Table 3 Relative densities of aphid parasitoids on navel orange trees in during two successive seasons.

: 2021 2022

Species No. RD% No. RD%
Primary parasitoids:

1-Aphidius matricariae 254 59.49 381 63.08
2- Trioxys sp 89 20.84 105 17.39
3- Praon sp 58 13.58 76 12.58
Hyperparasitoids: Alloxysta (Charips) sp 26 6.09 42 6.95
Total 427 100 604 100

. No=Number RD%= Relative density
2.Biological studies
Life cycle of A. matricariae on A. gossypii

Results given in Table (4) show clearly that the
average incubation period for egg stage was 2.85 + 0.10
days.The larval and pupal stages lasted 5.67 +0.12 and 5.12
+ 0.24 days, respectively. Total developmental time for the
parasitoid A. matricariae was 13.64 + 0.38 days.

Table 4. Life cycle of A. matricariae reared on A. gossypii
under laboratory condition

Period in days Range Mean + Se
Egg 2-3 2.85£0.10
Larva 4-7 567+0.12b
Pupa 4-6 5.1240.24b
Life cycle (Egg — Adult) 12-15 13.64+0.38a

- Female 4-6 5.09+0.11d
Longevity " Male 2-4 3.04:0.10f
L.S.D 0.05 0.01967
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The behavior of the parasitoid A. matricariae at varying
host densities:

As shown in Table 5, the leaf-arrival and host-arrival
times (host-searching time) are measures of the attractive
potency of the semiochemicals emitted by food plants and
hosts, respectively. Data also included that the arrival time of
the leaf and the arrival time of the host decreased with
increasing host density, reaching 6.68 minutes at 25
individuals (A. gossypii) and 0.76 minutes at 150 individuals.
In addition, A. gossypii's host arrival time also reduced with
host density, lasting 7.26 minutes for 25 individuals and 1.24
minutes for 150 individuals. (A. gossypii).

Sex ratio In addition to three laboratory generations of
A. matricariae , the sex ratio and proportion of individuals that
emerged from mummies in the field were noted. With a sex
ratio of 2.83 females to 1 male, the percentage of parasitoid
emergence in the field was 80.56%. While in the lab, the
percentage of adults emerging from host mummies in the first
generation was 72.16% with a sex ratio of 1.17 female: 1 male
and the percentage emerging from host mummies in the
second generation was 65.32% with a sex ratio of 1.12 female:
1 male. Third-generation emergence rates from host mummies
were 48.33%, with a male to female sex ratio of 0.9 (Table 6)

Table 5. Behavior of the parasitoid A. matricariae on navel orange trees at varying A. gossypii densities 20. 0°C +1°C and 65 +2RH%.

Host Leaf —arrival time Host -arrival time First sting time No. of sting No. of
density (min.) (min.) (min.) (oviposition) mummies
25 6.68+0.262 7.26+0.232 16.76+0.28° 8.2+0.867 4.60+0.71°
50 4.99+0.34° 5.98+0.18" 14.65+0.24° 31.8+2.15° 9.60+0.58°
100 1.19+0.16° 2.80+0.22¢ 12.05+0.22¢ 52.00+2.23" 12,0+0.51°
150 0.76+0.19° 1.24+0.10° 6.35+0.10° 72.20+1.56° 15.80+0.38°
F. test *kk *k*k *kk *k*k *k*k
L.S.D.0.05 0.3822 1.4018 2.3554 19.8405 2.2580

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

Table 6. Sex ratio of A. matricariae and adults' emergence

Host aphid  Source parasitoid ~ Mummies Adultsemerged %Emergence  Females Males Sex ratio (M: F)
In the field 175.0+ 14.45% 141.0+11.74%  8056+£5.20%° 95.33+8.42 44.0£3.472 1. 2.83°
A QOSSVDii First generation 120+ 11.56° 86.67+7.09° 7216 067> 47.0+6.09° 39.67+2.61® 1117
- QOSSyp Second generation  86.67 +8.83 70.00 £ 6.02° 65.32+7.06°¢ 36.67+£3.29° 33.33+4.38° 1:1.12°
Third generation 61.67+7.27¢ 30.0+4.36° 48.33+1.35% 14.33+241° 16.0+£2.52¢ 1:091°¢
LS.D0.05 19.989 25.991 6.152 10.296 3.097 0.0156

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

Discussion

The previous investigation revealed that A. gossypii, A.
citricola, M. persicae, and A. craccivora were the key aphid
species on navel orange trees. These outcomes are consistent
with those of Abo Kaf (2005), Ali (2009), Youssif (2015),
Lebbal and Laamari (2016), Mohsen (2019), Kalaitzaki et al.
(2019), and Youssif etal. (2021), who surveyed the main insect
pests on navel trees and reported that the highest densities were
obtained by A gossypii, Acitricola, M. persicae, and A.
craccivora.

As displayed from the achieved results, three primary
parasitoids; A. matricariae, Trioxys sp., and Praon sp., and a
secondary parasitoid; Cynipidae: Alloxysta (Charips) sp.,
emerged from the mummified aphid. The present findings are
in conformity with those of Bouhachem (2011), who identified
16 species of natural enemies, including eight predatory species
and eight parasitoids associated with citrus aphid on navel trees.
The parasitoids included A. matricariae, A. colemani,
Ephedrus persicae Froggatt, L. fabarum, L. testaceipes, Praon
volucre (Haliday), Trioxys angelicae Haliday, and D. rapae.
Also, Abo Kaf (2005) and Ali (2009) reported that citrus aphid-
infested trees of navel oranges were attacked by the parasitoids
D. rapae, Aphidius sp., and Charips sp. Aphidius sp.,
Diaeretiella, Ephedrus, Lysiphlebus, Praon, and Binodoxys)
and the subfamily Aphelininae (Hymenoptera: Chalcidoidea,
Aphelinidae), represented by just one species of the genus. And
Hemidi and Laamari (2020) recorded 18 species of primary
parasitoids collected from 22 species of aphids. And mentioned
that A. matricariae and L. testaceipes were the most dominant
species.The present research findings differed from those of
Tomanovic et al.(2009),who indicated that Ephedrus sp. was
the major parasitoid on citrus aphid species on navel trees.

The above results showed that the abundance
percentages of A. matricariae, Trioxys sp., Praon sp., and
Charips sp. were 59.49, 20.84, 13.58, 6.09% and 63.08, 17.39,
12.58, 6.95% of the total parasitoids during the first and the
second seasons, subsequently. These results are in harmony
with those of Ali (2009), who mentioned that the parasitoids D.
rapae, Aphidius sp., and Charips sp. were observed on navel

orange trees that are afflicted with citrus aphids. And that citrus
aphid infestation of navel oranges by D. rapae began in the first
week of May and peaked in June (5.1%).

Based on obtained results, A. matricariae reared on A.
gossypii completed its development successfully, and the total
developmental period was 13.64 + 0.38 days at 20.00 + 1°C
and 65+ 2 RH%. Our results are in partial consonance with
those of Saleh (2000), who demonstrated that when reared on
S. avenae, the total developmental period of Aphidius sp. lasted
about 13.85 + 0.29 days (at 21.7°C). On the other hand, Stary
(1970) noted that a variety of elements, including temperature,
humidity, feeding, and the presence or absence of hosts, had an
impact on the adult life span of parasitoids.

It was shown that when host density increased both the
leaf arrival time and the host arrival time reduced, but that
stinging and mummies increased. According to Brown et al.
(1970), the increased concentrations of kairomones that
promote parasitoid activity may be to blame, or the increased
surface area of interaction between the hosts, according to
Kumar (1988) and Saleh (2008).

The sex ratio was roughly 1 female to 1 male during the
first and second generations of the parasitoid A. matricariae's
three laboratory generations on A. gossypii, but males was
dominant during the third generation. These results broadly
concur with those of Saleh et al. (2009), who reared the
parasitoid D. rapae on aphids for five successive generations
and discovered that the first three generations displayed a
roughly 1:1 sex ratio and the fourth and fifth generations were
dominated by males.

CONCLUSION

Obtained results offered valuable knowledge on certain
ecological and biological attributes of aphid parasitoids on
navel orange trees, which can be beneficial in providing basic
information on the utilization of parasitoids in the biocontrol
program of aphids. By rearing A. matricariae on A. gossypii, it
showed a good parasitism potential. Therefore, it can be
concluded that the aphid parasitoid Aphidius matricariae could
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be an effective biocontrol agent against the aphid Aphis
gossypii.
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