Infestation and natural parasitism of aphids in single and mixed pastures
of black oats and ryegrass
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ABSTRACT. Infestation and natural parasitism of aphids in single and mixed pastures of black oats and ryegrass. Some species of
aphids are major pests on cereal crops and grass pastures. Usually these pests are not adequately controlled in pasture lands that
become sources of aphid infestations to cereal crops. The dynamics of aphids and the incidence of natural enemies are less known
in pasture systems than in cereal fields. The objective of this work was to assess the aphid infestation and natural aphid parasitism
in different pasture composition. Three hypotheses were tested: 1- the aphid species composition in pastures may vary according to
the cereal species in the field; 2- the mixture of two plant species can modify the amount and diversity of aphids; 3- the plant
species composition of pasture fields influences the parasitism of aphids. Empirical data were obtained from three Poaceae fields:
black oats (4Avena strigosa L.), ryegrass (Lolium multiflorum L.), and a mixed field of black oats and ryegrass. The most abundant
aphid species was Rhopalosiphum padi followed by Sitobion avenae. Plant species composition increases the amount and the
parasitism rates of aphids. The mixture of heavily infested black oats with a poorly infested ryegrass resulted in reduction of aphid
infestation in comparison with heavily-infested single plant species field. This is possible because the conditions are favorable for
the development of parasitoid populations. Aphidius colemani was the main parasitoid found in these areas.
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RESUMO. Infestagdo e parasitismo natural de afideos em pastagens com espécie Ginica ou mistura de aveia preta e azevém. Algu-
mas espécies de pulgdes sdo importantes pragas de cereais, atacando também pastagens de gramineas. Normalmente, essas pragas
ndo sdo controladas nas pastagens e podem tornar-se fontes de infestagdo dos afideos para os cereais cultivados. A dindmica dos
afideos e de seus inimigos naturais é pouco conhecida em sistemas de pastagem. O objetivo deste trabalho foi avaliar a infestagao
de pulgdes e seu parasitismo natural em areas com diferentes composi¢des de pastagens. Trés hipdteses foram testadas: 1 — a
composicao de espécies de afideos em pastagens pode variar de acordo com as espécies de plantas na area; 2 — a mistura de duas
espécies de plantas pode modificar a quantidade e diversidade de afideos; 3 — a composi¢@o de espécies de plantas da pastagem
influencia no parasitismo de afideos. Os dados empiricos foram obtidos a partir de trés areas avaliadas: um campo de aveia preta
(Avena strigosa L.), um campo de azevém (Lolium multiflorum L.) e um campo misto de aveia preta e azevém. A espécie de afideo
mais abundante foi Rhopalosiphum padi, seguida por Sitobion avenae. A mistura de espécies de plantas aumenta a quantidade e as
taxas de parasitismo de afideos. A combinac¢@o de plantas altamente infestadas de aveia preta com poucas plantas de azevém
infestadas resultou na redug¢io da infestagao de pulgdes, em comparagdo com um campo altamente infestado de uma tinica espécie
de planta. Isto deve-se as condi¢des favoraveis para o desenvolvimento das populagdes de parasitoides. Aphidius colemani foi o
principal parasitoide encontrado nessas areas.

PALAVRAS-CHAVE. Aphididae; Avena strigosa L.; cultura de cereais; Lolium multiflorum L.; parasitismo natural.

Grazing lands in general represents low diversity systems;
however, diversity can be increased by adding one or more
foraging species. The mixture of plant species in pastures
results in reduction of invasive organisms (Sanderson ef al.
2007) and such strategy can be useful for pest management
purposes (Muyheko et al. 2003). Usually, pasture pests are
not suitably controlled and can be a source of pests to other
field crops; but management of plant diversity can reduce
pest problems (ARS-USDA 2011).

In Southern Brazil, black oats (Avena strigosa L.) and
ryegrass (Lolium multiflorum L.) (Poaceae) have been used
as alternative food supply for cattle feeding during the win-
ter months (Aguinaga et al. 2008). Many insect pests are

associated with these two gramineous species; several aphid
species are among them (Blackman & Eastop 2000). Aphids
damage plants by sucking sap, injecting toxic substance, and
acting as virus vectors.

Five aphid species (Hemiptera, Aphididae) are commonly
found on oats in Brazil: Metopolophium dirhodum (Walker,
1849), Sitobion avenae (Fabricius, 1775), Schizaphis graminum
(Rondani, 1852), Rhopalosiphum padi (Linnaeus, 1758), and
Rhopalosiphum maidis (Fitch, 1856) (Celis et al. 1997; Ronquin
et al. 2004). Mixture of foraging species, such as black oats
and ryegrass are commonly used by farmers because they can
extend the grazing period in the field (Luczyszyn & Rossi
Junior 2007) and improve the yield of dry matter for grazing.
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Grasslands can be a primary source of aphids migrating
to other cereal crops, such as wheat (7riticum aestivum L.),
oats (Avena spp.) and barley (Hordeum vulgare L.). On the
other hand, pastures can also be a source of natural enemies
of aphids. It is not known how the mixture of grasses in pas-
tures can affect the composition and diversity of aphid spe-
cies and aphid parasitoids in the field. This knowledge is
essential to understand the dynamics of aphid outbreaks in
cereal crops. The objective of this work was to assess the
aphid infestation and natural parasitism on aphids in pasture
fields with different plant species composition. Three hy-
potheses were tested based on the results of aphid and para-
sitoid surveys: 1- The aphid species composition in pastures
can be different according to the composition of plant spe-
cies (black oats and ryegrass); 2 — the mixture of two plant
species (black oats and ryegrass) can modify the amount and
diversity of aphids in comparison with a field of single plant
species; 3- the plant species composition of a pasture has an
effect on the parasitism rate of aphids.

MATERIAL AND METHODS

The survey of aphids and parasitoids was conducted in a
rural area of Sdo Vicente do Sul, county in mid-western of
Rio Grande do Sul State, in Southeastern Brazil (29°42° 0”S
latitude, 54°39° 5”W longitude and 121 m above sea level).
One of the fields was a 1,050 m? area of black oats (BO),
another was a 1,750 m? area of ryegrass (RG), and the third
field was a 1,050 m?area of a mixture of black oats and
ryegrass (BO+RG). The distance between BO and RG was
20 m, and from these to BO+RG the distance was 230 m.

The soil preparation was conventional with manual sow-
ing, using 20 kg of seeds in the BO field, 12 kg in the RG
and 18 kg in the BO+RG (8 kg of black oats seeds + 10 kg of
ryegrass). These fields were bordered by sugarcane field to
the west, wooded area to the north and native pastures in the
southern, eastern sides and between the experimental areas.

The insect survey was carried out six times with seven-
day intervals, except during rainfall period, when an addi-
tional time of seven days was required for a new survey.
Surveys were done in the winter 2009: July 24™ (1), August
2" (2), August 15" (3), August 23" (4), August 29" (5) and
September 6™ (6).

Six collection points were randomly chosen within each
field, each one measuring 0.24 m? (0.6 m x 0.4 m) and
bounded by a square wooden frame. All nymphs and adults
of aphids collected were transferred to plastic bags with leaves
for transportation to the laboratory. Aphids killed by parasit-
ism were counted separately, using the same survey plan, but
in this case only mummies (aphid carcasses left by parasi-
toids) were counted, but not identified. We called this vari-
able “parasitism observed in field” (P,).

In laboratory, the aphids were identified, counted and kept
isolated in controlled environmental conditions (25 + 1°C,
60 £ 10% r.h.) for parasitoid emergence. Parasitoids emerged
were preserved in vials with 70% ethanol, and mounted on
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slides for identification by specialists. We called this “para-
sitism observed in laboratory” (P)).

After the logarithmical transformation, the ANOVA F test
was performed in order to detect significant differences be-
tween the average number of aphids and aphid carcasses in
the fields (Statistical Analysis System, version 8.2 — SAS-
2001). Chi-square tests with Yates correction for continuity
were also performed to compare parasitism and aphid spe-
cies proportion in each field plot.

RESULTS AND DISCUSSION

The number of aphids was higher in the BO field, fol-
lowed by BO+RG and RG. Despite the fact that BO pre-
sented higher infestation levels in all surveys, it was not
statistically different from BO+RG (Table I).

The aphid species found were Rhopalosiphum padi
(Linnaeus, 1758), Rhopalosiphum maidis (Fitch, 1856),
Metopolophium dirhodum (Walker, 1849), Sitobion avenae
(Fabricius, 1775) and Schizaphis graminum (Rondani, 1852)
(Hemiptera, Aphididae). All species were collected in the
BO+RG field. S. graminum was not collected in RG, while
M. dirhodum was collected only in the BO+RG field. The
low density of M. dirhodum was not appropriate for analysis
of field type/aphid species associations. The density of aphids
reduced in the last samplings (Fig. 1D). In all collections,
the aphid population in the RG field was significantly lower
than in the other two fields (Table I, Fig. 1A-D).

Table I. Mean number of aphids per sampling point (1-6) collected in black
oats (BO), Avena strigosa L., ryegrass (RG), Lolium multiflorum L., and
mixed BO+RG fields. Sdo Vicente do Sul, RS, Brazil, winter 2009.

Sampling point 1 2 3 4 5 6
Crop Number of aphids
BO 7.5Aa* 12.1Aa 13.8Aa 11.1Aa 43Aa 14Aa
BO+RG 9.2Aa 10.1Aa  7Aa 3.4Aa 1.5Aa  0OAa
RG 0Ba 1.5Ba 3Ba 2Ba 1Ba 0Ba
CV (%) 35.65
P** treatment ~ 0.0001
P*** survey 0.0002

*Means followed by different capital letters, in columns, and lowercase
letters, in rows, show significant difference (P < 0.05). CV = coefficient
of variation; **P = probability of error for treatment; ***P = probability
of error for survey date.

The bird-cherry oat aphid, R. padi, was the most abun-
dant aphid in BO and BO+RG fields. In the RG fields, S.
avenae was as abundant as R. padi. The proportion of R. padi
was higher in the mixed field (df = 1, chi-square = 14.97
p =0.0001) in comparison with BO field (Fig. 1).

The P, (number of carcasses) found in the fields of BO
and BO+RG were higher than in the ryegrass field, for all
surveyed dates. However, in proportional terms, meaning Pf/
aphids collected, the P was similar in the three fields (Table
1D).
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Fig. 1. Aphid species and number of individuals collected per species in (A) black oats (BO), Avena strigosa L., (B) mixture of BO+RG fields, and (C)
ryegrass (RG), Lolium multiflorum L., in six survey dates. (D) Total of aphids collected per field on six sample dates. Sdo Vicente do Sul, RS State, Brazil,

winter 2009.

Table II. Parasitism in the Field (Pf) — Mean number of aphid mummies
per sampling point (1-6) on black oats (BO), Avena strigosa, ryegrass
(RG), Lolium multiflorum, and BO + RG fields, on different survey dates.
Sao Vicente do Sul, RS, Brazil, winter 2009.

Survey 1 2 3 4 5 6
Crop Mean number of mummies
BO 2Aa* 1Aa 5Aa 2.5Aa 6.5Aa  1.2Aa
BO+RG 3.5Aa 1Aa 7Aa 4Aa 1.3Aa 1Aa
RG 0Aa 1Aa 1.5Aa 2.7Aa 0Aa 0Aa
CV (%) 32.89
P** treatment  0.0001
P*** survey 0.0466

*Means followed by different capital letters, in columns, and lowercase
letters, in rows, show significant difference by Test F (P < 05). CV =
coefficient of variation; **P = probability of error for treatment; ***P =
probability of error for survey date.

The P, was lower in BO than BO+RG in almost all the
surveys and the parasitism rate was greater in the mixed field
(X’ =4.11,df =1, p=0.0426; x* = 8.47, df = 1, p = 0.0036;
x’=8.77,df=1,p=0.0031) (Fig. 2 A-C). Parasitism reached
its population peak in the third survey for BO and BO+RG.

The most commonly parasitoid species was Aphidius
colemani Viereck, 1912 (Hymenoptera, Braconidae), but its
proportion was not significantly different between BO+RG
and BO fields (x? =0.02, df = 1, p = 0.89) (Table III).

Table III. Parasitism observed in laboratory (Pl). Parasitoid species
emerged from aphids collected from fields of black oats (BO), Avena
strigosa L., ryegrass (RG), Lolium multiflorum L., and mixture of BO+RG.
Sdo Vicente do Sul, RS, Brazil, winter 2009.

Field
Parasitoid
BO RG BO + RG
Aphidius colemani 37 10 52
Aphidius sp. (except A. colemani) 7 1 11
Diaretiella rapae - 1
Total 48 11 64

There are many factors that affect aphid colonization and
settlement in their host-plants. Some are: natural chemical
attractants (Vos & Jander 2010), chemical compounds eaten
by aphids (Powell et al. 2006), parasitism (Ostmann 2004)
or host symbionts (Meister ef al. 2006). Black oats have been
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Fig. 2. Parasitism observed in laboratory (P)). Number of parasitized and
non-parasitized aphids in (A) black oats (BO) Avena strigosa L., and (B) in
mixture of BO and ryegrass (RG), Lolium multiflorum L., fields. (C) Per-
centage of parasitism in BO and mixture of BO+RG fields. Sao Vicente do
Sul, RS State, Brazil, winter 2009.

reported as a suitable food source for aphids (Lopes-da-Silva
& Vieira 2007; 2010). According to our results, ryegrass was
an unsuitable host for aphid colonization. This report is the
first finding of differences of aphid colonization in ryegrass
and other cultivated Poaceae. Host plants can select specific
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aphid genotypes or species. Many grasses contain hydroxamic
acids, a defense mechanism against aphid attacks (Givovich
& Niemeyer 1994). High levels of these compounds are found
in wheat and maize, but they are absent in oats and ryegrass
(Figueroa et al. 2002). In terms of evaluation of aphid fit-
ness in 13 grasses, Fraser & Grimer (1999) found that Lolium
perenne L. was intermediary in terms of aphid development.
However, L. perenne is considered an unsuitable host for
aphids because of its association with fungal endosymbionts
(Meister et al. 2006).

The low incidence of aphids in ryegrass is valuable infor-
mation, because it indicates that this host can contribute less
to aphid infestation in cereals than other grass pastures. On
the other hand, black oats seems to be a suitable source for
aphid spreading and colonization of cereal crops. The bird-
oat cherry aphid, R. padi, was found to be the most abundant
aphid species. These findings agree with the results of Lau
et al. (2009), who also found that R. padi as the main aphid
species for conditions of south Brazil and low frequency of
aphid species in ryegrass. Rhopalosiphum padi was the domi-
nant aphid species until the third sampling and from the fourth
on, S. avenae became the dominant species, because the later
prefers the heads of the plants.

Similar variations were also found by Lau ez al. (2009) with
changes in predominance of R. padi by S. avenae from winter
and spring months. Probably this occurred because of species
feeding preferences, considering that R. padi is present during
emergence and tillering plant stage and S. avenae is frequent
during the reproductive stage (Salvadori & Tonet 2001), which
corresponded to the initial and final surveys, respectively.

The association of black oats + ryegrass reduced the glo-
bal amount of aphids to approximately 50% of the aphid in-
festation found in the BO field. This finding reinforces the
negative “ryegrass effect” on aphid populations.

Parasitism was greater in the BO+RG field than in the
BO field, in almost all surveys, although the aphid popula-
tion was similar in both (Table III). In qualitative terms, an-
other difference found was the incidence of the parasitoid A4.
colemani higher in BO+RG than in BO fields (Table I1I). We
assume that the difference is directly related to aphid species
proportion between these two fields.

Species of Aphidius are considered biological control
agents of aphids in Brazilian cereal crops (Stary et al. 2007).
These species were imported by Brazilian research institutes
in a classical biological control program during the last cen-
tury, in 1970s and 1980s (Gassen & Tambasco 1983). They
became well adapted and succeeded as biological control
agents of most cereal aphid species.

The parasitoid Diaeretiella rapae (Mclntosh, 1855)
(Hymenopter, Braconidae) was not as abundant as Aphidius
spp. and not a good control agent of cereal aphids, but it is
considered to be an efficient parasitoid of many other aphid
species (Le Ralec ez al. 2011). In low aphid population den-
sity, D. rapae may be found parasitizing cereal aphids. How-
ever, even in this case, D. rapae is not a specialist parasitoid of
cereal aphids, unlike Aphidius spp. (Rehman & Powell 2010).
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The absence of Lysiphlebus testaceipes (Cresson, 1880)
(Hymenoptera, Aphidiidae) is notable because it is consid-
ered one of the most common parasitoids of aphids in the
tribe Aphidini (Aphis, Rhopalosiphum and Schizaphis) (Stary
et al. 2007). The absence of specialized parasitoids of the
Macrosiphini tribe is explained by the small population of S.
avenae and M. dirhodum species. Two species of unidenti-
fied hyperparasitoids were found.

Pastures can be a source of aphids that infest cereal crops,
but they can provide suitable environments for maintenance
and multiplication of biological control agents (micro-
hymenopteran parasitoids). It was observed that ryegrass was
poorly infested by aphids. The mixture of heavily-infested
plants (black oats) with poorly-infested plants (ryegrass) re-
sulted in less aphids in comparison with a field cultivated with
a single heavily-infested plant species. Also, the mixture seems
favorable for increasing parasitism. Mixing two plant species
is beneficial for natural aphid control in pastures.

In practical terms, the use of ryegrass as pasture, in mixed
or isolate fields, is a good alternative because it is not favor-
able for increasing cereal aphid populations, but may favor
natural parasitism in cereal fields.
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