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ABSTRACT

Subfamily Aphidiinae has diverse parasitoid species that are known as
solitary endoparasitoids of aphid pests with a comprehensive
distribution. Thus, the present study was conducted as a preliminary
study to investigate the species richness and abundance of the family of
Braconidae (Subfamily Aphidiinae) within a commercial barley crop
between February and April 2013 in Hail region, northern Saudi Arabia.
Results showed that five species of Aphidiinae were captured within the
barley agroecosystem in this region. These included the following:
Lysiphlebus fabarum (Marshal, 1896), Binodoxys angelicae (Haliday,
1833), Ephedrus persicae (Froggatt, 1904), Aphidius colemani
(Viereck, 1912) and Pauesia sp. However, L. fabarum was found to be
the dominant species (67.70%) in the abundance compared to the other
species, whereas Pauesia sp. was found to be a much rarer species
(3.23%) in the barley agroecosystem. Moreover, the results revealed a
higher weekly variation in the abundances of the collected Braconid
species during the cropping season of barley. The higher abundance of
some of the Braconid species in this study could be attributed to the
presence of uncultivated crops (weeds) which provide suitable
conditions for increasing the abundance of the Braconid species. On the
whole, this study suggests that more survey studies for investigating the
Hymenopterous parasitoids in many ecosystems in Hail region are
required for the successful implementation of biological control
program in this region.

INTRODUCTION

Nowadays, there are growing concerns of the extensive use of synthetic
pesticides for controlling pests in agro-ecosystems, and their negative impacts on
human health and the environment (Asiry, 2015). Biological pest control is considered
as an important ecosystem service and an alternative to the extensive chemical
pesticides application (DeBach and Rosen, 1974; Coll and Bottrell, 1995; Bale et al.,
2008). Biological control is the regulation of pest species by using natural enemies
including its parasites, parasitoids, predators, and pathogens in crops (DeBach and
Rosen, 1974; Bale et al., 2008). In recent years, there is a growing interest for
conserving natural enemies through enhancing naturally occurring predators and
parasitoids through the modification of the environment or of existing pesticide
practices to foster the survival, fecundity, longevity, and behavior of these natural
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enemies to enhance natural pest control (Barbosa, 1998). This method can be
described as an important part of biological pest control and mainly known as the
conservation biological control (Barbosa, 1998).

Hymenopterous parasitoids are the most important biological control group for
controlling many crop pests and can work as a keystone species, due to their high
diversity and hosts specificity (LaSalle and Gauld, 1993; Barbosa, 1998; Rakhshani et
al., 2013). However, a suite of primary parasitoids are mainly derived from the
subfamily Aphidiinae (Braconidae) which is known as solitary endoparasitoids of
aphid pests with a global distribution (Kakol and Migtkiewski, 2001; Debek-
Jankowska and Barczak, 2005a; Barahoei et al., 2013; Rakhshani et al., 2013).
Worldwide, about 60 genera and subgenera and more than 400 parasitoids species
taxonomically belong to the subfamily Aphidiinae (Stary, 1988).

There is increasing evidence that disturbances in agricultural lands can
negatively affect parasitoids community by reducing species richness, abundance and
effectiveness within their habitat (Barbosa, 1998). In cropping systems, many factors
that can limit parasitoid effectiveness can be seen during disturbances (Barbosa, 1998;
Bortolotto et al., 2015). These factors include both abiotic factors such as fires,
windstorms, floods, landslides and physical factors, and biotic factors such as insects
or disease outbreaks (Barbosa, 1998; Bortolotto et al., 2015). However, non-crop
plants (weeds) can positively increase parasitoid effectiveness by providing richly
structured vegetations, alternative host, plant resources (pollen and nectar) and
suitable microhabitats for parasitoids (Barbosa, 1998). Understanding how these
factors affect parasitoids community can lead to the success of biological control
programs (Barbosa, 1998). In addition to that, conducting survey studies on local
fauna to investigate whether parasitoids are native or not is equally important for the
success of aphid control based on plant-aphid-parasitoid associations (Nazari et al.,
2012). The aim of the current study is to investigate the Hymenopterous parasitoids of
the family of Braconidae (Subfamily Aphidiinae) within a commercial barley crop in
Hail region, in terms of species composition, abundance and the population dynamic
of this group.

MATERIALS AND METHODS

Study Area

In spring 2013, a field experiment was conducted in a private farm located in
Al-Hommamh village (East of Hail region, 27°54.746'N, 42°03.306'E, elevation
783.8m). In this farm, conventional barley crop (Hordeum vulgare L.) was planted on
29" December 2012 in 14 hectares of a central irrigation system. Nitrogen fertilizer at
200 kg/ha in the form of ammonium nitrate was applied three times at bed
preparation. However, application of pesticides was not applied in this crop
production. Six line-transects were determined in the middle of this field before
starting the experiment in, each line-transect was 100 m in length and 50 m spaced.
Parasitoids collection

Through the cropping season of barley, parasitoids were weekly monitored by
using a sweep net (38cm in diameter) starting from the middle of February until the
beginning of April 2013. In each line-transect, 50 full 180° sweeps were taken and
placed in a separate plastic bag (Jacob and Evans, 1998), with a total of 300 sweeps
sampled every week from the six line-transects. These six plastic bags containing the
specimens were returned to the laboratory for subsequent storage and sorting. All
specimens were kept in 70% Ethanol for future identification.
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Parasitoids identification

The collected parasitoids were counted and identified to genus and species
levels using identification keys (Tomanovic et al., 2012; Rakhshani et al., 2012; Stary
etal., 2014).

Statistical analyses:

The number of counted parasitoids was separately summed for each species in a
particular experimental line-transect and across the sampling dates. Means, standard
errors of both summed abundance and sampling date (7 points) and percentages of
each species were preformed using the statistical analysis package SPSS®™ 14.0 for
Windows.

RESULTS

A total of 2135 Hymenopterous parasitoids, within five species were captured
from the six line-transects within the barley crop in Hail region between February and
the beginning of April 2013. Data revealed that all these five species belonged to the
Braconidae family (Subfamily Aphidiinae) including the following: Lysiphlebus
fabarum (Marshal, 1896), Binodoxys angelicac (Haliday, 1833), Ephedrus persicae
(Froggatt, 1904), Pauesia sp. and Aphidius colemani (Viereck,1912). Results showed
that L. fabarum was the most abundant species compared to the other species, with a
total of 1445 individuals (240.83 + 63.88) and 67.70% of all species within the barley
agro-ecosystem (Table 1 & Fig. 1). This species were followed by E. persicae (333
individuals (55.50 + 8.01) and 15.60%), A. colemani (196 individuals (32.70 + 7.73)
and 9.18%), B. angelicae (92 individuals (15.33 + 5.08) and 4.31%) and Pauesiae sp.
(69 individuals (11.50 +4.79) and 3.23%) (Table 1 & Fig. 1).

Table 1: Summed numbers, Means, Standard Errors (£SE), and Percentages (%) of Braconid species
during the cropping season of barley (Spring 2013) in Hail region (Mean + SE: the abundance
value of each species is the mean of six line-transects and standard errors (+=SE) of means).

Species Name Summed Number Mean + SE Percentage (%)
Lysiphlebus fabarum 1445 240.83 + 63.88 67.70
Binodoxys angelicae 92 15.33 £5.08 431
Ephedrus persicae 333 55.50 + 8.01 15.60
Pauesiae spec 69 11.50 +4.79 3.23
Aphidius colemani 196 32.70+7.73 9.18

Total 2135 - 100
Pauesiae Aphidius
spec;3.23% colemani;

Ephedrus
persicae;

Fig. 1: Percentages (%) of the collected Braconid species during the cropping season of barley (Spring
2013) in Hail region.
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The temporal distributions of Hymenopterous parasitoids throughout the
cropping season are presented in (Fig. 2). Lysiphlebus fabarum showed a peak of its
abundance in the beginning of the cropping season (middle of February)
(92.33+46.21). The abundance of L. fabarum sharply decreased in the next sampling
week (22.33+4.48) (Fig. 2). However, the abundance of L. fabarum peaked again in
both the beginning of March (36.33+12.84) and the end of March (34.33+4.75) (Fig.
2). The trends of the population dynamics of other Hymenopterous parasitoid species
were similar during the barley cropping season. In these trends, E. persicae, A.
colemani and B. angelicae showed a density peak in the beginning of March in which
their mean abundances were (16.3343.80), (9.504+4.57) and (6.33+3.08), respectively
(Fig. 2). Nevertheless, the abundance of Pauesiae sp. increased only at the end of the
season (end of March) showing one peak over the cropping season (8.50+4.79)

(Fig. 2).
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Fig. 2: The population dynamics of the collected Braconid species within the barley agro-ecosystem in
Hail region (Spring 2013). The abundance value of each species is the mean of six line-
transects. Vertical error bars represent standard errors (=SE) of means.

DISCUSSION

Hymenopterous parasitoids are known as an important biological control agent
for regulating the population size of aphid pests within the field setting (LaSalle and
Gauld, 1993, Kakol and Migtkiewski, 2001). The family Braconidae has plenty
species that are known as natural regulators of aphid populations (Stary, 1988;
Rakhshani et al., 2013). The current study found out a diverse species of the family of
Braconidae (Subfamily Aphidiinae) within the barley agroecosystem in Hail region
which is positioned in the north central part of Saudi Arabia. The species that were
found by this study include: L. fabarum, B. angelicae, E. persicae, Pauesia sp. and A.
colemani. Most of these species are recorded for the first time from Saudi Arabia in
the present study, although Zubair and Bakr (2013) recorded A. colemani for the first
time in Saudi Arabia, particularly in Asir region which is located in the south /west of
Saudi Arabia.

The occurrence of a diverse species of Braconidae in this study possibly could
be attributed to either the topography of Hail region which has diverse ecosystems or
to the widespread availability of weed species within the cultivated areas of this
region (El-Ghanim et al., 2010). El-Ghanim et al. (2010), during their study of the
floristic composition and vegetation features of Hail's plants, has showed that 52
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species were dominated by weeds within the cultivated areas in this region. Weeds
may provide a richly structured vegetation, alternative host, plant resources (pollen
and nectar) and suitable microhabitats, which are all suitable conditions for
Hymenopterous parasitoids (Barbosa, 1998; Marshall et al., 2003; Sutherland et al.,
2006). This effect can be seen in the finding of a higher abundance of some Braconid
parasitoids in the current study such as L. fabarum which represented a dominant
species in this study, totaling 1445 individuals, E. persicae (333 individuals) and A.
colemani (196 individuals) throughout the cropping season of barley in Hail region.
This finding is consistent with other studies that reported higher abundances of
Braconid species that were parasitized on different aphid pests within many different
crops such as cotton (Kavallieratos et al., 2002), alfalfa (Rakhshani et al., 2006) and
wheat (Rakhshani et al., 2008).

The results of the present study showed that the temporal distributions of the
Braconid species varied from week to week in their abundances, showing a peak
abundance of L. fabarum in the beginning of the cropping season. Here also, weeds
and other cultivated crops could play a central role for increasing the abundance of
Hymenopterous parasitoids before the arrival of aphid pests to their hosts (Bortolotto
et al., 2015). This can explain in part why the mean abundance of L. fabarum was
higher in the beginning of cropping season; this is because L. fabarum could increase
its abundance throughout attacking other aphids that can be found in weeds or other
cultivated crops located near to the barley crop. In addition, variation in the
temperature can affect the survivorship of the Hymenopterous parasitoids (Bortolotto
et al., 2015). Bortolotto et al. (2015) concluded that the temperature is an important
factor affecting the occurrence of the Braconid species within local ecosystems. This
could justify the higher variation in the temporal distributions of the collected
Braconid species throughout the cropping season in the current study.

This study showed for the first time a diverse occurrence of Braconid species
within a commercial barley crop in Hail region, Saudi Arabia. Hail region lies within
the arid zone with a desert climate and has many different ecosystems (Sher and
Aldosari, 2012). Conducting a survey research for investigating the Hymenopterous
parasitoids in Saudi Arabia is very important for the biological control program.
Moreover, Hail region is considered as an agricultural area and most of the farmers in
this region apply pesticides for controlling pests in their farms (Asiry et al., 2013).
This can negatively affect the existing natural enemies including the Braconid species
which play a vital role for regulating their aphid pests within agroecosystems. The
current study suggests that more studies on the biodiversity and conservation of
Braconid species are required in this region.

ACKNOWLEDGE

The author is thankful for the financial support provided by the Al-Jomaiah’s
Chair of Sustainable Development in Agricultural Communities at the University of
Hail. I am also grateful to Abudaltif Al-Shammari for helping with data collection.

REFERENCE

Asiry, K. A. (2015). Aphidicidal activity of different aqueous extracts of bitter apple
Citrullus colocynthis (L.) against the bird cherry-oat aphid, Rhopal osiphum padi
(L.) (Homoptera: Aphididae) under laboratory conditions. J. Anim. Plant. Sci.,
25(2): 456- 462.



88 Khalid A. Asiry

Asiry, K. A.; Hassan, S. S. M and AlRashidi, M. M. (2013). Factors Affecting
Agricultural Sustainability — A Case Study of Hail Region, Kingdom of Saudi
Arabia. AJARD., 3(10): 647-687.

Bale, J. S.; van Lenteren, J. C. and Bigler, F. (2008). Biological control and
sustainable food production. Philos. Trans. R. Soc. Lond. B. Biol. Sci.,
363(1492): 761-776.

Barahoei H.; Rakhshani E.; Madjdzadeh S. M.; Alipour A.; Taheri S.; Nader E.;
Mitrovski-Bogdanovi¢ A.; Petrovi¢c-Obradovi¢ O.; Stary P.; Kavallieratos N. G.
and Tomanovi¢ Z. (2013). Aphid parasitoid species (Hymenoptera: Braconidae:
Aphidiinae) of central submountains of Iran. North-West J. Zool., 9: 70-93.

Barbosa, P. (1998). Conservation Biological Control. Academic Press, San Diego,
California, USA., 396 pp.

Bortolotto, O. C.; Junior, A. O. M. and Hoshino, A. T. (2015). Aphidophagous
Parasitoids can Forage Wheat Crops Before Aphid Infestation, Parana State,
Brazil. J. Insect Sci., 15: 1-4.

Coll, M. and Bottrell, D. G. (1995). Predator-prey association in mono and diculture:
Effect of maize and bean vegetation. Agric. Ecosyst. Environ., 54: 115-125.

DeBach, P. and Rosen, D. (1974). Biological control by natural enemies. New York:
the Press Syndicate of the University of Cambridge.

Debek-Jankowska, A. and Barczak, T. (2005a). Parasitoid complex of cereal aphids
in Poland. J. Aphidol., 19: 1-10.

El-Ghanem W. A.; Hassan L. M.; Galal, T. M. and Badr, A. (2010). Floristic
composition and vegetation analysis in Hail region north of central Saudi
Arabia. Saudi J. Biol. Sci., 17:119-128.

Jacob, H. S. and Evans, E. W. (1998). Effects of sugar spray and aphid honeydew on
field populations of the parasitoid Bathyplectes curculionis (Hymenoptera:
Ichneumonidae). Environ. Entomol., 27: 1563-1568.

Kakol, E. and Migetkiewski, R. (2001). Grain aphid (Sitobion avenae F.) and some of
its natural enemies on winter wheat. Aphids and other Homopterous Insects., 8:
169-173.

Kavallieratos, N. G.; Stathas, G. J.; Athanassiou, C. G. and Papadoulis, G. Th. (2002).
Dittrichia viscosa and Rubus ulmifolius as reservoirs of aphid parasitoids
(Hymenoptera: Braconidae: Aphidiinae) and the role of certain coccinellid
species. Phytoparasitic., 30: 231-242.

LaSalle, J. and Gauld, I. D. (1993). Hymenoptera and Biodiversity.C.A.B.
International, Wallingford, UK.

Marshall, E. J. P.; Brown, V. K.; Boatman, N. D.; Lutman, P. J. W.; Squire, G. R. and
Ward, L. K. (2003). The role of weeds in supporting biological diversitywithin
crop fields. Weed Res., 43(2): 77-89.

Nazari, Y.; Zamani, A. A.; Masoumi, S. M.; Rakhshani, E.; Petrovi¢-Obradovi¢, O.;
Tomanovi¢; S.; Stary, P.; Tomanovi¢, Z. (2012). Diversity and host associations
of aphid parasitoids (Hymenoptera: Braconidae: Aphidiinae) in the farmlands of
western Iran. Acta. Entomol. Mus. Nat. Pragae., 52: 559-584.

Rakhshani, E.; Talebi, A.A.; Manzari, S.; Rezwani, A. and Rakhshani, H. (2006). An
investigation on alfalfa aphids and their parasitoids in different parts of Iran,
with a key to the parasitoids (Hemiptera: Aphididae, Hymenoptera: Braconidae:
Aphidiinae). J., E. S. 1. 25: 1-14.

Rakhshani, E.; Tomanovi¢, Z.; Stary, P.; Talebi, A.A.; Kavallieratos, N.G.; Zamani,
A.A.; Stamenkovi¢, S. (2008). Distribution and diversity of wheat aphid
parasitoids (Hymenoptera: Braconidae: Aphidiinae) in Iran. Eur. J. Entomol.,



Species richness and abundance of Braconidae in Saudi Arabia 89

105: 863-870.

Rakhshani, E.; Kazemzadeh, S.; Stary, P.; Barahoei, H.; Kavallieratos, N.G.;
Cetkovié, A.; Popovié, A.; Bodlah, I. and Tomanovi¢ Z. (2012). Parasitoids
(Hymenoptera: Braconidae: Aphidiinae) of northeastern Iran: Aphidiine-aphid-
plant associations, key and description of anew species. J. Insect Sci., 12:
Article 143.

Rakhshani, E.; Stary, Petr and Tomanovi¢, Z. (2013). Tritrophic associations and
taxonomic notes on Lysiphlebus fabarum (Marshall) (Hymenoptera:
Braconidae: Aphidiinae), a keystone aphid parasitoid in Iran. Arch. Biol. Sci.,
65( 2): 667-680.

Sher, H. and Aldosari, A. (2012). Overview on the ecological and geographical
appraisal of important medicinal and aromatic plants: An endangered
component in the flora of Saudi Arabia. Sci. Res. Essays., 7:1639-1646.

Stary, P. (1988). Aphidiidae. Pp. 171-184. In: Minks, A. K. and Harrewijn, P. (eds.):
Aphids: their biology, natural enemies and control. Vol. 2B. Elsevier,
Amsterdam, 382 pp.

Stary, P.; Rakhshani, E.; Tomanovi¢, 7.; Kavallieratos, N. G. and Havelka J. (2014).
Order Hymenoptera, family Braconidae. Aphid parasitoids of the Arabian
Peninsula (subfamily Aphidiinae). In: A. van Harten (ed.): Arthropod Fauna of
the UAE 5, 407-425. Publisher: Dar Al Ummah Printing, Publishing, Distbn
and Advertising, Abu Dhabi, United Arab Emirates, |SBN 978-9948-22-086-2.

Sutherland, W. J.; Armstrong-Brown, S.; Armsworth, P. R.; Brereton, T.; Brickland,
J.; Campbell, C. D.; Chamberlain, D. E.; Cooke, A. I.; Dulvy, N. K.; Dusic,
N. R.; Fitton, M.; Freckleton, R. P.; Godfray, H. C.; Grout, N.; Harvey, H. J.;
Hedley, C.; Hopkins, J. J.; Kift, N. B.; Kirby, J.; Kunin, W. E.; MacDonald, D.
W.; Markee, B.; Naura, M.; Neale, A. R.; Oliver, T.; Osborn, D.; Pullin, A. S.;
Shardlow, M. E. A.; Showler, D .A.; Smith, P. L.; Smithers, R. J.; Solandt, J.
L.; Spencer, J.; Spray, C. J.; Thomas, C. D.; Thompson, J.; Webb, S. E.;
Yalden, D. W. and Watkinson, A. R. (2006). The identification of one hundred
ecological questions of high policy relevance in the UK. J. Appl. Ecol., 43:617—
627.

Tomanovié, Z.; Stary, P.; Kavallieratos, N.G.; Gagi¢, V.; Ple¢as, M.; Jankovi¢, M.;
Rakhshani, E.; Cetkovi¢, A. and Petrovi¢ A. (2012). Aphid parasitoid
(Hymenoptera:Braconidae: Aphidiinae) in wetland habitats in western
Palearctic: key and associated aphid parasitoid guilds. Ann. soc. entomol. Fr.
(n.s.), 48:189-198.

Zubair, A. and Bakr, R. F. A. (2013). Biosystematics of aphid parasitoids
(Hymenoptera: Braconidae: Aphidiinae) from Asir Region of Saudi Arabia.
WIJASR., 3 (1): 23- 26.



90 Khalid A. Asiry

ARABIC SUMMERY

Adpab) 5 58]y ALile (e Aain¥) Apilid cilybdlal 400l 5 b sl £153) 1 5
Ao o) Aslaally il Adlala (B ] (0130 (Al pUal) J313 (Aphidiinae
g3 )

stg.\cﬁﬁ
4 graal) Ay jal) ASleal) - Bla Aaals — o glall A0S LA o

Glbdhll auly caa ) Adlidal) cilblibll e gl g & 65 Je Aphidiinae ) dluad Gad (g a3
gl Al oS Al all o2a g pal 388 138 Caa s ealladl a5l 0l el lBY (gl ) Jadaill @l
Jsase 3 (Aphidiinae Auaé <ad) Braconidae - dlal 4l 358 5 &) 51 ) i 4d yadl
L el ASLedll Jlad adl o)) Jils Ailaie 3 2013 plal Jisals sl on Leosmll o o ladll sl
=00 ) Pl 8 W pas a3 Aphidiinae J) e g sl dad 25y gl @edal A0 gl
Lysiphlebus fabarum (Marshal, :h L gl sV &l Gaatiy dahial oda 4 juedll Jseasadd
1896), Binodoxys angelicac (Haliday, 1833), Ephedrus persicae (Froggatt, 1904),
b L. fabarum ) g s 8 el aa 5 Aphidius colemani (Viereck,1912) and Pauesia sp.
Pauesiasp. s o s (8 AV 153 e 4 aally Apaaall 33 5l G (46 (767.70) s g 55
LIS LS il Jgeanal ol ol Gl oUail) G (73.23) Loaall 535l Cum (e 3l g g€ sela
O OSars il 4ol ) anse JMA AT ) & sau) e Braconidae J dlile g) 5if 3 585 8 U las bl
wlae ) &\y\ ez e gl A all oda uﬁ Braconidae ) 4Ll &\)B;Y\ U B g < Gglall g
el ) By N Aul ol a3 aasi a3V SIS dauliall Caglall agd iy Al 5 el Cailag
A (5Sy Caga Ay Jila Ailaie & Al il (e el 8 4 pdiad) cllilall peand Gl e 3y 3l
Adkiall o388 4y gual) Al grals s L AL Y



