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Alfalfa (Medicago sativa) is the most important forage legume and one of the most

widely grown crops in Serbia. Aphids (Hemiptera: Aphididae) are one of the most
significant groups of pests of that crop. Three aphid species, Acyrthosiphon pisum, Aphis
craccivora and Therioaphis trifolii, are considered as important pests of alfalfa in Serbia. The
most abundant of them, T. trifolii, is more adapted to warmer temperatures and it is the
predominant aphid species during summer months, while A. pisum is prevalent during
the spring period. In warmer climates, an increasing abundance of T. trifolii and decreasing
populations of A. pisum have been observed in alfalfa in Serbia. On the other hand, A.
craccivora is a minor pest of alfalfa, which rarely occurs in high numbers. The present paper
synthesizes the existing knowledge about these three aphid pests of alfalfa, including their
morphology, biology, seasonal dynamics, pest status and effects of temperature on their
development.
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INTRODUCTION

Alfalfa, Medicago sativa L., is a major forage crop
worldwide (Michaud et al., 1998). Regarding the arca
on which it is grown in Serbia, alfalfa ranks sixth among
leading crops after corn, wheat, sunflower, soybeans
and barley. The Serbian Province of Vojvodina is the
most important alfalfa production region. Over the
past 20 years, alfalfa fields in Serbia have contracted
drastically from 190,000 hectares in 2000 to

105,000 in 2020 (Statistical Office, 2022). Alfalfa
is generally grown in monoculture for several years
under conditions of low agrotechnology, representing
a suitable habitat for numerous insects. Of over 100
harmful species of insects that feed on alfalfa, about 20
are considered pests that are able to cause yield losses
(Berg & Boyd, 1984; Keresi et al., 2005). Some aphid
species are considered as significant pests of alfalfa and
one of the causes of area reduction of its cultivation
in Serbia.
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Aphids (Hemiptera: Aphididac) constitute a group
of plant-feeding insects which includes about 5000
species described worldwide (Blackman & Eastop, 2022;
Favret, 2022), while 393 aphid species are present in
Serbia (Tomié¢ & Petrovi¢-Obradovi¢, 2022). Some
aphid species are serious agricultural pests. Of their total
number, 450 species are able to develop on cultivated
plants, while about 100 of them can cause direct and
significant damage (Blackman & Eastop, 2007).

APHIDS AS ALFALFA PESTS

Aphids are among the most devastating insect pests
of alfalfa worldwide, especially in North and South
America, the Middle East and Australia. In those parts
of the world, some populations can reach abundance that
exceeds harmfulness thresholds, leading to considerable
production losses (Jones & Ferris, 2000; Berberet et al.,
2009; Rakhshani et al., 2009; Ximenez-Embun et al.,
2014). These hemipterans cause a worldwide economic
impact of about 25% on alfalfa production (He & Zhang,
2006; Ryalls et al., 2013). Twenty-two aphid species and
two subspecies have been reported as potential inhabitants
of alfalfa (Blackman & Eastop, 2022), while four of them:
Acyrtosiphon kondoi Shinji, Acyrthosiphon pisum (Harris),
Aphis craccivora Koch and Therioaphis trifolii (Monell),
are considered to have the most devastating impact (Pons
etal., 2005S; Berberet et al., 2009; Rakhshani et al., 2009;
Ximenez-Embun et al., 2014).

All of these most important aphid species have been
reported on alfalfa in Europe (Coeur d’Acier et al.,
2010; Blackman & Eastop, 2022). In Mediterranean
countries, alfalfa aphids occur throughout the growing
season, often reaching abundance that results in yield
losses (Tremblay & Pennacchio, 1988; Lykouressis &
Polatsidis, 1990; Pons et al., 2005).

Aphids cause direct damage to alfalfa by feeding
on its leaves, petioles, flower stalks and stems. After
forming dense colonies on plants, they cause wilting
and ultimately decay of alfalfa plants. These insects are
also able to transmit plant viruses. Alfalfa mosaic virus
(AMYV, genus Alfamovirus, family Bromoviridae) and
Cucumber mosaic virus (CMYV, genus Cucumovirus,
family Bromoviridae) are the most frequent alfalfa
viruses worldwide (Bol, 2010; Garcia-Arenal &
Palukaitis, 2010), and in Serbia (Bulaji¢ et al., 2010).
Both viruses belong to a group of nonpersistent viruses.
The most important vectors of these viruses are 4. pisum,
A. craccivora, T. trifolii, and several polyphagous aphid
species, such as Aphis fabae Scopoli, A. gossypii Glover, A.
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spiraecola Patch and Myzus persicae (Sulzer) (Gildow et
al., 2008; Bol, 2010; Garcia-Arenal & Palukaitis, 2010),
almost all of which are found on alfalfa (Blackman &
Eastop, 2022).

In Serbia, three aphid species are considered the
most damaging on alfalfa: 4. pisum, A. craccivora
and 7. trifolii (Tomanovié¢ et al., 1996; Petrovié-
Obradovi¢ & Tomanovié, 2005; Jovicié et al., 2016).
Acyrthosiphon kondoi, an invasive species in Europe,
has only been detected in Greece and France so far
(Coeur d’Acier et al. 2010), but not in Serbia (Jovici¢
& Petrovié-Obradovi¢, 2016). Understanding of
the seasonal dynamics, biology and ecology of aphid
species is needed to develop future management
practices. Seasonal dynamics of three aphid species on
alfalfa in Serbia were studied during 20112013 in fields
in Ovéa (South Banat) and Progar (Srem) (Jovicié et
al., 2016; Jovici¢ et al., 2022).

Acyrthosiphon pisum — pea aphid

The species is a large aphid, pale green or pink with
long antennae, legs, siphunculi and cauda (Figure 1).
Acyrthosiphon pisum inhabits about 20 genera in the
family Fabaceae and it is a major pest of alfalfa and peas
(Blackman & Eastop, 2000). The pea aphid is considered
one of the 14 aphid species of the greatest agricultural
importance (Blackman & Eastop, 2007). The species
is monoecious and holocyclic in temperate climates
worldwide (Blackman & Eastop, 2022). Originally a
Palacarctic species (Blackman & Eastop, 2022), 4. pisum
is a well-known pest of alfalfa in Europe (Lykouressis &
Polatsidis, 1990; Pons et al., 2005; Meseguer et al., 2021),
North America (Cuperus et al., 1982), South America
(Grez et al., 2014; Ximenez-Embun et al., 2014), the
Middle East (Rakhshani et al., 2009) and Australia
(Julier et al., 2004). The species rapidly develops dense
colonies on the growing parts of alfalfa, i.c. stems and
leaves. The infested plants wilt, leaf tops become paler
and lower leaves turn yellow and shed. This aphid is
a vector of more than 30 viruses, which may cause
serious crop losses, and the most important viruses
for alfalfa are AMV and CMV (Blackman & Eastop,
2007; Bol, 2010; Garcia-Arenal & Palukaitis, 2010).
Based on research conducted in Minnesota, USA, the
harmfulness threshold for this species is the presence
of 1-2 aphids per alfalfa stem on average (Cuperus et al.,
1982). Acyrthosiphon pisum populations have periodic
fluctuations. Many factors, such as host-plant quality,
weather conditions or presence of natural enemies, affect
their seasonal dynamics (Kindlman & Dixon, 2010).
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Figure 1. Acyrthosiphon pisum: apterous viviparous females

(photo L Jovi¢i¢)

The first specimens of A. pisum appear on alfalfa plants
in Serbia at the beginning of April (Jovi¢i¢ et al., 2016).
Maximum population density of 2.34 specimens per alfalfa
stem was noted in South Banat and 1.13 specimens per stem
in Srem in the middle of May 2012. Fast decline and low
population density, i.e. lower than harmfulness threshold
for this aphid, were found in our study to occur from June
to October, except in South Banat in June 2013 (Table 1).
Low abundance of this cold-adapted species during the
summer months is associated with negative effects of
high temperatures. Also, deterioration of alfalfa plant
quality had a negative impact on population abundance
of this species (Jovi¢ié¢ et al., 2022). In years with mild
summer, as it was in 2012, the species can reach a second
peak during October, so that the recorded abundance
in South Banat rose above harmfulness threshold with
1.71 specimens per alfalfa stem. Its population density
exceeded harmfulness threshold (1 specimen per 1 alfalfa
stem or more) several times during the growing season
(Table 1): in South Banat at the end of April (2011), in
Srem in mid-May of 2011 and 2012, and in South Banat
in May (2011, 2012 and 2013), mid-June (2013) and mid-
October (2011). The monitoring of aphid flight activity
on alfalfa in Serbia revealed a low number of 4. pisum in
yellow water traps (Jovi¢ié et al., 2017). Tomanovié et al.
(1996) showed in their research in Vojvodina Province
nearly three decades ago that A. pisum was more frequent
than the other two aphid species. In studies carried out in
several other European countries (Greece, Italy and Spain),
A. pisum reached its maximum abundance during two
periods, spring and autumn (Tremblay & Pennacchio,
1988; Lykouressis & Polatsidis, 1990; Pons et al., 2005).
However, updates on potential changes in the abundance
of A. pisum populations on alfalfa in European countries
are not available.

Table 1. Dates when the abundance of A. pisum exceeded
harmfulness threshold and recorded specimen
numbers per alfalfa stem in Srem and South Banat
2011-2013 (Jovicic¢ et al., 2016; Jovicié et al., 2022).

Locations
Srem South Banat

Date No. Date No.
2011

12 May 1.04 30 April 1.09

10 May 1.22

20 May 2.32

19 October 1.71
2012

19 May 113 [18 May 234
2013

10 May 2.28

17 June 1.08

!'No. - Number of 4. pisum specimens per alfalfa stem
* Harmfulness threshold for A. pisum is 1-2 aphids per alfalfa stem
on average

Aphis craccivora - black legume aphid
or cowpea aphid

Aphis craccivora is a small aphid, shiny black in color
(Figure 2). This polyphagous species has a wide range
of host plants but prefers those in the family Fabaceac
(Blackman & Eastop, 2000). The biology of this species
has not been completely clarified. It is anholocyclic
almost everywhere, but sexual phase has been reported
in Germany, India and Argentina (Blackman & Eastop,
2000). In research all over the world, it has been described
as a pest of alfalfa but not as the most important one
(Pons et al., 2005; Berberet et al., 2009; Rakhshani et
al., 2009; Ryalls et al., 2013; Meseguer et al., 2021). It
feeds on alfalfa stems and is strongly ant-attended. Rarely,
the species can form dense colonies on individual alfalfa
plants or in smaller oases (Berberet et al., 2009; Grez et
al.,, 2014). The aphid has a cosmopolitan distribution
but is not very common in the cool temperate climate.
Edwards (2001) suggests that 4. craccivora has a potential
to become more destructive on alfalfa as the climate
change progresses. The species is a vector of several viruses,
including AMV (Bol, 2010) and CMV (Gildow et al.,
2008). Its harmfulness threshold is the average presence
of 3 individuals per alfalfa stem (Berberet et al., 2009).
Aphis craccivora rarely occurs on alfalfa in Serbia during
the growing season (Jovicié et al., 2016). Dense colonies
of this species on individual alfalfa plants were recorded
only once during our three-year research, and it was in
Srem on 19 July 2012. However, aphid flight monitoring
on alfalfa in Serbia showed that 4. craccivora was very
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abundant in water traps and potentially a very important
vector of alfalfa viruses (Jovici¢ et al., 2017). The reason
why this species flies over alfalfa fields bu t rarely lands to

form colonies on plants will be the focus of future research.

’ B il

Figure 2. Aphis craccivora: apterous (left) and alate (right)
viviparous females (photo 1. Jovi¢i¢)

Therioaphis trifolii - spotted alfalfa aphid
or yellow clover aphid

The species is a small, pale, yellow-greenish aphid with
rows of pigmented tubercles with capitate hairs on the
dorsal side of the abdomen (Figure 3). It feeds on many
Fabaceae plants but is an important pest only of the
Trifolium and Medicago genera (Blackman & Eastop,
2022). In Northern and Central Europe, it is a monoecious
and holocyclic species (Blackman & Eastop, 2000;
Petrovi¢-Obradovi¢ & Tomanovi¢, 2005), while being
usually anholocyclic in warmer areas (Sunnucks et al.,
1997). Therioaphis trifolii, originally a Palearctic species,
spreads throughout the South-Western USA (after 1950),
Australia (approximately 1977), South Africa (after 1980),
and Japan (after 1980) (Blackman & Eastop, 2000). The
species was first recorded in Australiain 1977 (Passlow,
1977), and only a few years after its introduction it became
the most significant pest of alfalfa on that continent
(Sunnucks et al., 1997). Its feeding on the underside of
alfalfa leaves leads to local symptoms, primarely to the
chlorosis of leaf nerves in the apical part of plants, while
general chlorosis, necrosis and wilting occur due to toxins
in aphid saliva (Berg & Boyd, 1984; Madhusudhan &
Miles, 1998). According to research conducted by Hughes
etal. (1987) in Australia, the harmfulness threshold for
T: trifolii is 1 aphid on average per alfalfa stem in the
initial stages of development or 4 aphids per alfalfa stem
in the growth stage of early flowering. The species is a
vector of several viruses: AMV (Bol, 2010), CMV (Gildow
etal.,, 2008) and Red clover vein mosaic virus (RCVMV)
(Blackman & Eastop, 2000).
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Figure 3. Therioaphis trifolii: an alate viviparous female and
asmall larva (photo L Jovi¢i¢)

The first specimens of 7. #rifolii on alfalfa in Serbia
can be found at the beginning of April (Jovi¢i¢ et al.,
2016). The species abundance was found in our research
to exceed the harmfulness threshold (4 aphids per alfalfa
stem in the growth stage of early flowering) at the end
of August and the beginning of September (2012) in
Srem, and the end of July and August (2011, 2012 and
2013) and beginning of September (2012) in South Banat
(Jovi¢i¢ et al., 2022) (Table 2). Maximum population
densities, 3.69 and 5.37 specimens per alfalfa stem, were
observed in August (2012) in South Banat.

Table 2. Dates when the abundance of 7. #rifolii exceeded
harmfulness threshold, and the recorded number of
specimens per alfalfa stem in Srem and South Banat in
2011-2013 (Jovicié¢ et al., 2016; Jovi&ic et al,, 2022).

Locations
Srem South Banat
Date No. |Date No.
2011
22 July 1.64
2012
24 July 1.14
18 August 3.88 |3 August 3.69
7 September 1.05 |24 August 5.37
18 September 1.22 |3 September 1.64
2013
29 July 1.31
19 August 1.79
29 August 1.29

' No. - Number of specimens of 7. #7ifolii per alfalfa stem
*Harmfulness threshold for 7. #7ifolii is 1 aphid per alfalfa stem on
average in the initial stages of development or 4 aphids per alfalfa
stem in the growth stage of early flowering

Populations of 7. zrifolii on alfalfa in Serbia are well-
adapted to high air temperatures, so that the species
reached its maximum density during the hot and dry
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summer months, when the other two species were
practically absent (Jovi¢i¢ et al., 2016). In a research
conducted nearly three decades ago, 7. #rifolii was not
reported as a significant pest of alfalfa in Northern Serbia
(Tomanovi¢ et al, 1996). The most recent study of Jovici¢
et al. (2022) suggested an increased abundance of this
species under warmer conditions. High temperatures and
dry weather are optimal for increasing abundance of 7.
trifolii populations and they are some of the reasons for
the prevalence of 7. #rifolii over A. pisum on alfalfa in
Serbia. In Greece, Lykouressis & Polatsidis (1990) found
that 7. #rifolii had population peaks during summer
months from July to mid-September. It is important to
note that 7. #rifolii produces a high number of winged
forms, and it is one of the most abundant aphid species
in yellow water traps, and a very important potential
vector of alfalfa viruses (Jovici¢ et al., 2017).
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Biljne vasi (Hemiptera: Aphididae) na lucerki
u Srbiji: sezonska dinamika i Stetnost

REZIME

Lucerka je najvaznija krmna leguminoza i jedan od najcesce gajenih useva u Srbiji. Biljne
vasi (Hemiptera: Aphididae) su jedne od ekonomski najznacajnijih stetocina ove gajene biljke.
Tri vrste biljnih vasi: Acyrthosiphon pisum, Aphis craccivora i Therioaphis trifolii se razvijaju i nanose
Stete na usveima lucerke u Srbiji. Najbrojnija vrsta T. trifolii, prilagodena visim temperaturama,
je dominantna tokom letnjih meseci, dok je A. pisum, vrsta prilagodena niZim temperaturama,
dominantna tokom proleca. Takode, u Srbiji je, usled povecanja temperatura, registrovan porast
brojnosti vrste T. trifolii i ssanjenje brojnosti A. pisum. Aphis craccivora je ekonomski manje
znacajna vas na lucerki koja se retko javlja u vecoj brojnosti. Ovaj rad objedinjuje postojece
podatke o tri vrste biljnih vasi koje su Stetne na lucerki, uklju¢ujuci njihovu morfologiju,
biologiju, sezonsku dinamiku, Stetnost, kao i uticaj temperature vazduha na njihov razvoj.

Kljucne reci: Acyrthosiphon pisum, Aphis craccivora, Therioaphis trifolii, Medicago sativa
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