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Abstract

SEIDENGLANZ M., HUNADY I, POSLUSNA J., LoEs A.-K. (2011): Influence of intercropping with spring cereals
on the occurrence of pea aphids (Acyrthosiphon pisum Harris, 1776) and their natural enemies in field pea
(Pisum sativum L.). Plant Protect. Sci., 47: 25-36.

Occurrences of pea aphids and their natural enemies (syrphids, mummies caused by entomopathogenic fungi
Beauveria sp. and by the parasitic wasp Aphidius ervi) were compared in monocultures and mixtures of field
peas and spring cereals in three seasons (2008-2010). At the beginning of colonisation, the occurrence of aphids
was not substantially influenced by intercropping with cereals. However, the numbers of pea aphids located on
inflorescences started to decline earlier in mixtures compared with monoculture. More syrphids (eggs + larvae)
were found in mixtures than in monoculture, and more syrphid eggs were found in young aphid colonies (10 to
20 individuals) in mixtures. Intercropping did not influence the occurrence of fungal mummies (Beauveria sp.),
but mixtures tended to have more aphid colonies infested by A. ervi in 2008 and 2009.
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Aphidius ervi

The pea aphid (Acyrthosiphon pisum Harris,
1776) is probably the most important insect pest
of field pea (Pisum sativum L.) in the Czech Re-
public (CR). The threshold value is very low for
pea aphids in field pea: 3-5 individuals of this
pest per plant are enough to cause serious dam-
age on the crop level, not so much due to direct
injuries but to the transmission of virus diseases,
Pea enation mosaic virus (PEMV) and Pea seed-
borne mosaic virus (PSbMV). The virus diseases
can decrease seed yield by up to 80% (Housa
et al. 2009). However, direct effects of the pest
on pea plants can also be very important. Many
farmers consider it to be impossible to grow field
pea successfully without insecticides in the CR.

Hence, it is desirable to look at some alternative
approaches to the problem.

Organic farming systems and their wide exploita-
tion of intercropping and other means to increase
the biodiversity in agricultural fields and landscapes
may serve as a source of inspiration. The levels
of insect pest infestation may differ substantially
depending on whether the host plant is grown as
monoculture or in a mixture. According to VANDER-
MER (1989) and KINANE and LYNGKJZR (2002), the
intercropping of pea with wheat can reduce aphids
and weevils (Sitona spp.) as compared to pea mo-
noculture. BEDOUSSAC et al. (2010) proved positive
effects of pea intercropped with wheat only on pea
aphids and not on weevils. The positive effects of
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intercropping to reduce insect pests may be due to
the more complicated localisation of host plants in
mixtures by insect pests, especially by females, or to
the higher abundance and earlier presence of natural
enemies in the mixtures (GILBERT 2005).

Pea aphids have several commonly occurring
natural enemies, whose importance as biologi-
cal control agents was widely discussed in many
scientific studies (e.g. BUDENBERG & POWELL
1992; GILES et al. 1994; EIGENBRODE et al. 1998;
FraNcis et al. 2004; GILBERT 2005; ExkBoM 2009).
In the present study, we recorded (1) aphidopha-
gous syrphids, whose larvae can plunder aphid
colonies very effectively, (2) entomopathogenic
fungus Beauveria sp. inducing successive dying
of infected aphids and their mummification, and
(3) parasitic wasp Aphidius ervi Haliday also induc-
ing successive dying and mummification of attacked
aphids. In the CR, E. balteatus and S. pyrastri
have been recorded as the most frequent syrphid
species in field pea (HYBL & SEIDENGLANZ 2009).
Populations of pea aphids are often infected by
various entomopathogenic fungal species, such as
Beauveria bassiana (Ascomycota: Hypocreales),
Pandora neoaphidis (Zygomycota: Entomophtho-
rales), Entomophthora planchoniana (Zygomycota:
Entomophthorales) (BAVERSTOCK et al. 2005;
RADCLIFFE & RAGSDALE 2007). Pea aphid nymphs
are often attacked by egg-laying females of A. ervi.
Many studies described relationships among the
host plant (field pea), its herbivore (pea aphid)
and the parasitoid (A. ervi) (e.g. GUERRIERI et al.
1993, 1999, 2002; Du et al. 1996, 1998).

Studies comparing the occurrences of natural
enemies of the pea aphid in field pea (infested by

pea aphids) in monoculture and intercropped with
cereals are scarce, at least for Czech conditions.
The aim of the paper is to investigate the effect
of growing peas in mixtures with cereals on the
occurrence of pea aphids and some of their im-
portant natural enemies under Czech conditions.
We attempt to answer the following question: Is
the development of occurrences of pea aphids
and their predators (syrphids) and parasitoids
(mummies caused by entomopathogenic fungi
or by parasitic wasps) located on inflorescences
different when the pea is grown in monoculture
compared to mixtures with spring cereals?

MATERIAL AND METHODS

Occurrences of pea aphids and their natural
enemies were recorded in plot trials (PT) with
monocultures and mixtures of field pea and spring
cereals in 2008, 2009 and 2010 on an experimental
farm of AGRITEC at Rapotin (RA), and in 2010 on
a nearby organically managed farm at Postrelmov
(PO). Neither pesticides nor fertilisers were used
in field trials (Figure 1).

The occurrence of pea aphids (A. pisum) was as-
sessed from the first appearance of small colonies
(winged and unwinged females + nymphs) until
the population started to decline (2008, 2009) or
declined (2010). The numbers of aphids on inflores-
cences of individual plants were repeatedly counted,
without damaging the plants. In 2008, counting
was made on June 7, 13, 20 and 27, in 2009 on June
12, 15, 20 and 26, and in 2010 on June 15, 22, 29
and on July 14. The total number of aphids (sum of

P T = Terno — pea semileafless cultivar
S = Sirael — non-baking spring wheat cultivar
T40S60 T T40P60 T60540 T60P40 P = Pribina — non-malting spring barley cultivar
The numbers show seed ratios in compared
mixtures. The width of assessed plots: 2.5 m; the
width of cereal buffer zones 1.25 m; the length of
T60P40 T40P60 T60S40 T40S60
plots 10 m
P S P S P S
T60540 T60P40 T T40P60 T40S60
T T60540 T40S60 T60P40 T40P60
Figure 1. The design of plot trials in Rapotin
S and Postrelmov in 2008-2010
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winged females + unwinged females + nymphs of
various instars) per inflorescence was recorded on
20 randomly selected plants per plot. In 2009 and
2010, the absolute numbers of aphids in colonies
were compared. In 2008, the occurrence of aphids
was too high to record absolute numbers. Hence
the degree of infestation was determined for each
plant: 1 = without infestation; 2 = 1-20 aphids per
inflorescence, 3 = 21-50 aphids per inflorescence,
4 =51-100 aphids per inflorescence, and 5 = more
than 100 aphids per inflorescence.

For the natural enemies of aphids, the total
numbers of eggs, and later larvae and pupae of
syrphid flies (Syrphidae) were recorded on the
same inflorescences as the aphids. Additionally,
inflorescences with colonies containing 10 to
20 living aphids were selected, and the numbers
of syrphid eggs were counted within or near the
colonies, in 20 colonies per plot. For larvae, num-
bers were recorded within 5 x 10 colonies per
plot. We do not present any absolute numbers,
but the percentage (%) of colonies with one or
more larvae. In 2008, the recording dates were
June 7, 13, 20 and 27, in 2009 June 12, 20 and 26,
and in 2010 on June 16, 23, 29 and on July 14.
The assessments of syrphid larvae occurrences

were carried out in the morning (by 9 a.m.). The
total numbers of aphid mummies caused by en-
tomopathogenic fungi were counted on selected
inflorescences with aphid colonies with more than
100 living aphids in 2008 and 2009. In 2010, the
counts were made in colonies with more than 30
living aphids due to lower levels of aphid occur-
rence in that year. Fifteen counts per plot were
always made. In 2008, the recording dates were
June 20 and 27, in 2009 June 20 and 26, and in
2010 June 29 and July 14. Mummies caused by
the braconid wasp Aphidius ervi were recorded in
clusters of 10 inflorescences with a colony contain-
ing more than 50 living aphids, at five sites per
plot in 2008 and 2009. In 2010, the counts were
made in colonies with more than 30 living aphids
due to lower levels of aphid occurrence in that
year. In all years absolute numbers of mummies
were recorded, but the percentages of colonies
at each site with two or more aphid mummies
were used as the measure to compare differences
among treatments. In 2008, the recording date
was June 27, in 2009 June 26, and in 2010 June
29. The growth phases of pea on each recording
date are described in Table 1.

Table 1. The growth stages of pea plants on recording dates for aphids and their natural enemies in RA and PO

in 2008-2010

2008! 2009° 2010 RA? 2010 PO*
Date of growth date of growth date of growth date of growth
assessment stage assessment stage assessment stage assessment stage
7.6. (BBCH 51) 12.6. (BBCH 51 - 55) 15.6. (BBCH 51) 16.6. (BBCH 51-55)
13.6. (BBCH 61) 15.6. (BBCH 55 - 61) 22.6. (BBCH 55-61) 23.6. (BBCH 61-63)
20.6. (BBCH 65) 20.6. (BBCH 59 - 61) 29.6. (BBCH 65) 29.6. (BBCH 65)
27.6. (BBCH 65-67) 26.6. (BBCH 65) 14.7. (BBCH 71) 14.7. (BBCH 71)

!More detailed description of growth phases in 2008: 7.6. — green flower buds evolved on lower nodes; 13.6. — the first open
flowers evolved on lower nodes; 20.6. — flat pods evolved on nodes I — II; higher nodes with flowers; 27.6. — green pods

evolved on nodes I-1V; higher nodes still with flowers

“More detailed description of growth phases in 2009: 12.6. — green flower buds evolved on plant inflorescences; 15.6.
— approx. 5% of plants with open flowers on lower nodes; 20.6. — approx. 90% of plants with open flowers on lower nodes;
26.6. — nodes I-1I with flat pods, higher nodes with flowers

3More detailed description of growth phases in 2010 RA: 15.6. — green flower buds evolved on lower nodes; 22.6. — buds

with visible petals and the first open flowers evolved on lower nodes of inflorescences; 29.6. — flat pods evolved on nodes
I-II; higher nodes with flowers; 14.7. — green pods evolved on nodes I-IV; the plants do not flower any longer

“More detailed description of growth phases in 2010 PO: 16.6. — green flower buds and the first buds with visible petals
evolved on inflorescences; 23.6. — the first open flowers evolved on nodes II and III; 29.6. — flat pods evolved on nodes I-11II;

higher nodes with flowers; 14.7. — green pods evolved on nodes I-VT; the plants do not flower any longer
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The results of the trials were analysed using Sta-
tistica version 8 software. The percentage values
(comparison of the percentage of aphid colonies
with one or more syrphid larvae and comparison of
the percentage of aphid colonies with two or more
insect mummies) were first transformed (arcsine
transformation) to follow a normal distribution.
Then for all sets of data, one-way ANOVA tests
(LSD) for analysis of variance were performed,
followed by Tukey’s tests for multiple comparisons
between treatments (P < 0.05). For the ANOVA, the
homogeneity of variance was previously checked
using Bartlett’s tests (P < 0.05).

RESULTS
Pea aphids and syrphids 2008

In 2008 in Rapotin, the first colonies appeared on
June 7, and the aphid populations started to decline
on June 27, when the last counts were made. The
sequence of the most infested treatments varied
during that period. On June 7, T60S40 had the
lowest level of infestation. However, the differences
among treatments were not statistically significant
(F, 495 = 1.9005; P = 0.11035). The infestation in-
creased rapidly in all treatments between June 7
and 13. Interestingly, on June 13, T100 had the
lowest level of infestation. The T40P60 treatment
was significantly more infested than T100 at that
time (F4] 995 = 4.9687; P = 0.00069). During the
next week, the levels of infestation decreased in

T60S40, T60P40 and T40P60. However, the infes-
tation slightly increased in T40S60, and in T100
it increased markedly. Again, the differences were
not significant (F, ,o; = 1.2749; P = 0.14942). In
the last week, a decline of aphid populations was
observed in all treatments except T100. At the end
of counting, significantly less aphids were found in
T60S40, T40S60 and T40P60 than in T100 (F4, 295 =
7.3217; P = 0.00023). It shows that the decline in
aphid populations occurred earlier in mixtures
than in pea monoculture.

No statistically significant differences among
treatments in the occurrence of syrphids were
recorded on June 7. However, the mean value for
T100 was markedly lower than that for the other
treatments (F4, 595 = 1.9036; P = 0.11321). By June 7,
the recorded syrphids were mainly eggs and some
larvae. The differences between T100 and the other
treatments became more evident at the 2"¢ and
3'd assessments, when the occurrences of syrphids
on inflorescences were significantly lower in T100
(June 13:F, o, =8.3781; P =0.00021; June 20: F, ,o. =
6.1125; P = 0.00126). On June 13 and 20, new eggs
and active larvae of syrphids were found on pea
plants. Between the 3" and the 4™ assessment,
the occurrence of syrphids in T100 increased
rapidly and the differences among treatments
became negligible (F, ,,, = 1.0012; P = 0.23565).
During the last week, new syrphid eggs appeared
mainly on plants in T100. In the other treatments,
syrphid pupae were found, demonstrating more
rapid development of the syrphid population in
these treatments. Development of the pea aphid

4.5 - - 0.14
o 4.0 4 L 0.12 o Terno 100% (TlOO),
i 3.5 010 & aphids
= L w
. T @
g g 3.0 1 -g % —— mixtures totally; aphids
= S 25 - 0.08 £ é
$ % 20 c &
g . L 006 ¢ = o .
T s é i Terno 100% (T100);
= ' L 0.04 § syrphids
g 1.0 > .
= 0.5 4 - 0.02 mixtures totally;
' syrphids
0.0 T T T 0.00 yiP

7.6. 13.6. 20.6.

Term of assessment

27.6.

Figure 2. Development of the pea aphid (A. pisum) numbers and syrphid (Syrphidae) occurrences (eggs + lar-
vae + pupae) on generative organs of pea in monocultures of field pea as compared to mixtures with spring
cereals (Pribina barley cultivar, Sirael wheat cultivar) in 2008. Infestation assessed on a scale from 1 to 5 where
1 = without infestation, 2 = 1-20, 3 = 21-50, 4 = 51-100, and 5 = more than 100 aphids per inflorescence
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Table 2. Mean numbers of syrphid eggs per aphid colony of 10-20 individuals in size (2008, 2009, 2010 PO, 2010 RA)

2010 RA

2010 PO

2009

2008

Treat-
ment

3.term 4. term

1.term 2.term

l.term 2.term 3.term I.term 2.term 3.term 4. term
(SD)

3.term 4. term

1.term 2.term

(SD)

(SD) (SD) (SD) (SD) (SD) (SD)

(SD)

(SD) (SD) (SD) (SD) (SD)

(SD)

0.9 0.67 0.25% 0.372 0.38° 0.15°
(0.84)  (0.91) (0.57)  (0.69)  (0.69)  (0.52)
058 070>  0.73%

0.68°
(0.89)

0.80°
(0.78)

0.28 0.48
(0.67)  (0.85)

0.12
(0.42)

0.35 0.52
(0.69)  (0.85)

0.22
(0.59)

15

0.
(0.44)

T100

0.48P
(0.87)
0.27%b

1.27 0.72
(0.88)  (0.81) (0.96)  (1.05)  (1.07)
0.83*> (.87

1.43P
(1.13)

1.35P
(0.97)

0.37 0.58 0.52 0.43 0.33 0.68 0.57
(0.82) (1.08) (0.93) (0.83) (0.75) (1.13) (0.93)

T60S40

1.25 0.83 0.72b
(0.90)  (0.76) (1.04)  (1.06)  (1.07)  (0.63)
0.65% 0.20?

1.38P
(1.01)

1.43P
(0.85)

0.4 0.42 0.55 0.45 0.37 0.48 0.62
(0.83) (0.79) (0.83) (0.77) (0.82) (0.81) (0.85)

T40S60

(0.55)
0.27%

1.35 0.75 0.93P 0.90°
(1.02)  (0.75) (0.97)  (1.06)  (1.02)
0.60? 0.782

1.32P
(1.11)

1.232b
(0.95)

0.38 0.42 0.48 0.48 0.33 0.47 0.52
(0.83)  (0.87) (0.83)  (0.79) (0.80)  (0.89)  (0.83)

T60P40

1.33P 1.3 0.58 0.87°
(1.00)  (0.97)  (0.77) (1.05)  (1.08)  (0.98)  (0.55)

1.40°
(1.21)

0.52 0.53 0.53 0.52 0.45 0.58 0.58
(1.07)  (091) (0.87)  (0.73) (1.02)  (0.91)  (0.89)

T40P60

= 60 counts per treatment (in 20 colonies per replication); SD = standard deviation

The mean values in columns are not significantly different (Tukey’s test; P < 0.05); N

numbers and syrphid occurrences (eggs + larvae
+ pupae) on generative organs of pea in monoc-
ultures of field pea as compared to mixtures with
spring cereals is shown in Figure 2.

The level of syrphid egg density in aphid colonies
of 10-20 individuals in size was markedly lower
in T100 than in the other treatments (mixtures)
on the first three dates of assessment (June 7-20,
Table 2). On the first counting date, the levels were
two- to four-fold higher in the mixtures compared
with T100. Later, the differences diminished and by
the fourth date (June 27) they became negligible.
Due to a high variation between the replications,
the differences among treatments were not sta-
tistically significant (June 7: F4, 995 = 1.5726; P =
0.18155; June 13: F, ,o. = 1.6174; P = 0.16981;
June 20: F4' 995 = 0.55534; P = 0.69527; June 27:
E, 505 = 0.13706; P = 0.96850).

In 2008, the first syrphid larvae appeared earlier
in selected aphid colonies in the mixtures with
higher portions of cereals (T40S60 and T40P60,
Table 3). In addition, the density of larvae in aphid
colonies was higher in the mixtures during a sub-
stantial part of the period when pea aphids were
present on pea plants (June 7-20). However, the
differences among treatments were statistically
significant only on the third counting date. The per-
centage of aphid colonies with one or more syrphid
larvae was significantly higher in T40S60 than in

T100 at that time (E, ,, = 2.7580; P = 0.03437).

Pea aphids and syrphids 2009

Similarly like in 2008, no statistically significant
differences among treatments were found in the
numbers of aphids (females + nymphs) on inflo-
rescences at the beginning of pea infestation on
June 12 (F4,295 =1.2749; P = 0.27989). During the
next three days, the numbers of aphids increased
rapidly in some treatments, and the differences
became close to significant on June 15 (F4, 295 =
1.2953; P = 0.05933). Between June 15 and 20,
the mixtures with the highest shares of field pea
showed the sharpest increase in the number of pea
aphids, whereas the number in T40P60 increased
only slightly. On June 20, T60P40 was significantly
more infested than T40S60 (F4’ 995 = 4.2769; P =
0.00222). From June 20 to 26, a sharp decline in
the occurrence of aphids was observed in all treat-
ments except T100. Here, the occurrence of pea
aphids was significantly higher than in mixtures
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Figure 3. Development of the pea aphid (A. pisum) numbers and syrphid (Syrphidae) occurrences (eggs + larvae +
pupae) on generative organs of pea in monocultures of field pea as compared to mixtures with spring cereals

(Pribina barley cultivar, Sirael wheat cultivar) in 2009

at the end of counting on June 26 (F, ,,;=7.7954;
P =0.00001). This pattern of a more rapid decline
in aphid populations in mixtures is the same as
that in 2008 (Figure 3).

In 2009, no significant differences among treat-
ments were found in the occurrence of syrphids
(eggs + larvae + pupae). For the dates of counting,
the probability and F values were as follows: June
12 F, 505 = 0.72660, P = 0.51236; June 20 F, ,,. =
2.1900, P = 0.11268; June 26 F4’ 995 = 0.33371, P =
0.6915. However, the development of occurrence
varied among treatments. In the mixtures with the
lowest share of peas (T40S60, T40P60), syrphids
already occurred on June 12 and T40P60 showed
relatively high levels of syrphids during the whole
period of assessment. An increase in syrphid oc-
currences in T60S40 and T60P40 occurred later,
but the peaks were reached earlier there (15.6.).
The slowest increase in syrphid occurrences was
found out in pea monoculture. Development of the
pea aphid numbers and syrphid occurrences (eggs
+ larvae + pupae) on generative organs of pea in
monocultures of field pea as compared to mixtures
with spring cereals is shown in Figure 3.

The results of comparison of syrphid egg num-
bers in aphid colonies of 10-20 individuals in
size are shown in Table 2. The development of
syrphid egg numbers laid by females in the aphid
colonies of the size in question was very similar
to the development recorded in 2008. During the
time of assessment (from 12.6. to 20.6.) the aphid
colonies in T100 were less attractive to egg-laying
syrphid females than the same colonies in the other
treatments. However, no statistical differences

30

among treatments were proved on any of the three
dates (June 12: F, .. = 1.4807; P = 0.20799; June
20: F, 505 = 1.6690; P = 0.15714; June 26: F
0.22442; P = 0.92466).

A comparison of the percentages of aphid colo-
nies of 10-20 individuals in size with one or more
syrphid larvae present is shown in Table 3. The
trend obvious from the 2008 results is also docu-
mented by the results recorded in 2009. However,
the differences among the compared treatments
in the percentages of aphid colonies with one or
more syrphid larvae were not significant on any
of the three dates of assessment.

4,295 =

Pea aphids and syrphids 2010 (PO)

A continual growth of aphid numbers on inflo-
rescences in T100 from June 16 to June 29 was
characteristic of the development of pea aphid
occurrences in PO. On the contrary, in the treat-
ments T40P60, T60P40 and T40S60 the aphid
densities gradually decreased already since June
16. In T60S40 the decrease began one week later
(23.6.). On the first date of assessment the aphid
density in T40S60 was significantly higher than
in T40P60 (E, ,,; = 3.1053; P = 0.01587). On the
second date of assessment the mean aphid number
in T60P40 was significantly lower in compari-
son with T100 and T60S40 (F4’ 995 = 3.51845 P =
0.00798). On the last two dates of assessment
the occurrences of pea aphids on inflorescences
in mixtures (T60S40, T40S60, T60P40, T40P60)
were significantly lower than in monoculture T100
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Table 3. Mean percentages (%) of aphid colonies (of 10-20 individuals in size) with one or more syrphid larvae (2008, 2009, 2010 PO, 2010 RA)

2010 RA

2010 PO

2009

2008

Treat-
ment

3.term 4. term

(SD)

1.term 2.term

I.term 2.term 3.term 4. term

3. term
(SD)

1l.term 2.term

3.term 4. term

1.term 2.term

(SD)

(SD) (SD) (SD) (SD) (SD)

(SD)

(SD) (SD) (SD) (SD)
6.67

(SD)

(SD)

19.33
(13.35)
20.67

(20.17)

14.00°
(12.98)
25.332b
(18.07)
29.33%P
(17.10)
26.67%
(19.52)

26.00 5.33 6.67
(16.39)  (9.16)  (8.99)

14.67°
(10.60)
30.67P
(17.10)

9.332

(9.61)
18.00%
(12.65)
22.00?
(13.73)

21.33%
(15.06)

2.00
(4.14)

0.00 3.33 7.33
(9.76) (0.00)  (6.17)  (9.61)

2.00a
(5.61)
13.33ab
(11.75)
14.67b
(14.08)
11.33ab
(13.02)

0.00
(0.00)

0.00
(0.00)

T100

16.00
(12.98)

10.00
(10.00)

35.33
(18.07)

5.33
(7.43)

8.67 9.33
(11.26)  (8.84)

1.33
(3.52)

8.6
(10.60)

00
(10.56)

0.67
(2.58)

T60S40

28.00
(14.24)
24.00

18.00
(15.21)

8.00 2.67 6.67 10.67 7.33 36.67°  33.33 13.33

(13.73) (5.94)  (9.76)  (13.35) (7.99) (15.89) (17.18)  (10.47)
6.67 36.00P
(15.02)

67
(9.16)

1.33
(5.16)

T40S60

(16.82)

28.67
(19.59)

16.00
(12.42)

14.00
(12.42)

36.00
(22.30)

3.33
(4.88)

8.00 8.67
(12.65) (10.60)

0.67
(2.58)

(8.99)
6.67

0.67 5.33
(11.26)

(2.58)

T60P40

2.00 4.67  12.00ab 2.67 7.33 10.67 8.00  31.33> 3867° 31.33 12.00  19.33  32.00°
(9.16)  (12.07) (11.13)  (7.04) (10.33) (12.23)  (11.46) (16.42) (14.57) (18.85)  (12.07) (13.35) (14.74)

(5.61)

T40P60

= 15 percentage values per treatment (5 per replication); SD = standard deviation

The mean values in columns are not significantly different (Tukey’s test; P < 0.05); N

(June 29: F, ,,, = 9.2913; P = 0.000; July 14: F
15.330; P = 0.000) (Figure 4).

On the first date the lowest density of syrphids on
inflorescences was recorded in T100 (0.32 syrphids
per infl.). However, a significantly higher number
of syrphids (0.74 syrphids per infl.) was observed
only in the T40S60treatment (F4’ 995 = 3.1043; P =
0.01678). On the second date the differences among
treatments appeared to be statistically insignificant
(F4, 495 = 3.087; P = 0.01636), even if the numbers
of syrphids in T60S40, T40S60 and T60P40 were
more than two-fold higher (0.50; 0.55 and 0.57
syrphids per infl.) in comparison with T100 and
T40P60 (0.23 syrphids per infl.). On the third date
the situation was similar but the syrphid occur-
rences were markedly higher in general (F, ,o; =
2.0900; P = 0.08212). On the fourth date, the occur-
rence of syrphids was already very low throughout
the trial and the differences among treatments were
negligible (F, ,,; = 0.75159; P = 0.55761). Develop-
ment of the pea aphid numbers and syrphid occur-
rences (eggs + larvae + pupae) on generative organs
of pea in monocultures of field pea as compared to
mixtures with spring cereals is shown in Figure 4.

In comparison with the density development in
2008, 2009, and partly in RA trial in 2010 the oc-
currences of syrphid eggs in the selected colonies
in PO trial were on markedly higher levels in the
period from June 16 to June 29. On the first three
dates of assessment the numbers of syrphid eggs
were markedly higher in mixtures in comparison
with T100. On the first date the syrphid egg densi-
ties in T60S40, T40S60 and T40P60 were proved
as significantly higher if compared with T100
(F4’ 995 = 4.3529; P = 0.00196). On the second date
the syrphid egg densities in all mixture treatments
were significantly higher than in monoculture
(T100), (E, 545 = 5.3780; P = 0.00034). On the third
date the differences between T100 and the other
treatments were still well pronounced but the
statistical significance was not proved (F, ;=
2.1534; P = 0.07432). On the last date the differ-
ences among treatments were negligible (F
0.81131; P = 0.51875) (Table 2).

The differences among the compared treatments
in the percentages of aphid colonies (of 10-20 in-
dividuals in size) with one or more syrphid larvae
were significant on two dates of assessment (Ta-
ble 3). On June 23 a significantly higher percent-
age of colonies with one or more syrphid larvae
was recorded in T40P60 in comparison with T100
(F = 5.0259; P = 0.00128) and in June 29 the

4,295~

4,295~

4,70
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Figure 4. Development of the pea aphid (A. pisum) numbers and syrphid (Syrphidae) occurrences (eggs + larvae +
pupae) on generative organs of pea in monocultures of field pea as compared to mixtures with spring cereals
(Pribina barley cultivar, Sirael wheat cultivar) in PO in 2010

percentages were significantly higher in all mixtures
compared to T100 (F4, -0 = 6.5435; P = 0.00016). In
contrast to the data acquired in previous years the
percentages of aphid colonies with syrphid larvae
were markedly higher in PO trial.

Pea aphids and syrphids 2010 (RA)

With the exception of T40S60 treatment the
numbers of aphids rose in RA trial from June 16
to June 23. Then the growth of aphid densities
stopped, followed by the population decrease
throughout the trial. The decline of aphid densities

in mixtures in comparison with monoculture. At
the beginning of colonisation of pea plants by
aphids, i.e. on the first date of assessment, the
level of infestation of peas in monoculture was
significantly lower in comparison with mixtures
(F4, 995 = 7.0962; P = 0.00002). No significant dif-
ferences in the aphid numbers among treatments
were found out on the second date of assessment
(F4, 995 = 1.5115; P = 0.19878). However, on the
third date the mean numbers of aphids in T40S60
and T40P60 were already significantly lower than
in T100 (F4, 995 = 4.9894; P = 0.00066) and on the
fourth date all mixtures showed a significant-
ly lower level of infestation compared to T100

between June 23 and July 14 was markedly sharper  (F, ,,; = 10.620; P = 0.000) (Figure 5).
§ 6.0 - - 0.35 Terno 100% (T100);
-~ L 0.30 aphids
g > 5
2 L 025 & mixtures totally; aphids
E 4.0 - 2
5 L 020 E ¢
2 30 N Terno 100% (T100);
g L 015 @ g hid
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g 2.

g - 010 % E mixtures totally;
£ 1.0 4 L 0.05 = syrphids

)

= 00 : : : 0.00
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Term of assessment

14.7.

Figure 5. Development of the pea aphid (A. pisum) numbers and syrphid (Syrphidae) occurrences (eggs + larvae +
pupae) on generative organs of pea in monocultures of field pea as compared to mixtures with spring cereals
(Pribina barley cultivar, Sirael wheat cultivar) in RA in 2010
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The highest numbers of syrphids (especially eggs)
on inflorescences occurred on the second date of
assessment in most treatments (T60P40, T40P60
and T60S40) in RA trial. On the contrary, the peak
in T100 was not reached until the third date of
assessment. At that time the syrphid larvae were
very frequent in aphid colonies throughout the trial.
The recorded peak in T100 (June 29: 0.15 syrphids
per infl.) was 1.33-fold lower than in T40S60 (June
16: 0.20 syrphids per infl.), 1.67-fold lower than in
T60S40 (June 23: 0.25 syrphids per infl.), 2.00-fold
lower than in T40P60 (June 23: 0.30 syrphids per
infl.) and 3.20-fold lower than in T60P40 (June 23:
0.48 syrphids per infl.). On the first date of as-
sessment the differences among treatments were
insignificant (F, ,,; = 1.6158; P = 0.17023). On
the second date of assessment the syrphid density
in T60P40 was significantly higher than in T100
and T40S60 (E, ,o, = 4,0427; P = 0.00331). On the
third and the fourth date of assessment the differ-
ences among treatments were insignificant again
(June 29: F, ;= 0.96694; P = 0.42590; July 14: F,
495 = 0.13793; P = 0.96813). Development of the
pea aphid numbers and syrphid occurrences (eggs
+ larvae + pupae) on generative organs of pea in
monocultures of field pea as compared to mixtures
with spring cereals is shown in Figure 5.

Especially on the first three dates (June 16 to
29) the aphid colonies (of 10 to 20 individuals in
size) located in the mixtures were clearly more
attractive to egg-laying females of syrphid flies
than the same colonies in pea monoculture. How-
ever, on the first date the statistical difference was
proved only between T100 and T40S60 (F, ,o; =
2.2443; P = 0.03435). On the second date statisti-
cally higher numbers of syrphid eggs were recorded

in T60P40 and T40P60 in comparison with T100
(F, 405=3.0619; P = 0.00170). On the third date
the statistical difference was proved only between
T60P40 and T100 (F, ,o, = 2.6912; P = 0.03133)
and on the fourth date between T60S40 and T100
(F 505 = 2.3947; P = 0.04961) (Table 2).

Differences among the compared treatments
in percentages of the aphid colonies with one or
more syrphid larvae were significant on one date
of assessment. On June 29 a significantly higher
percentage of colonies with one or more syrphid
larvae was recorded in T40P60 in comparison
with T100 (F, ,,=2.5787; P = 0.04473). The trend
obvious from the results obtained in previous years
was also documented by the results recorded in
RA trial in 2010 (Table 3).

Mean numbers of mummies (caused
by entomopathogenic fungi) per aphid colony
of specific size (2008-2010)

The majority of mummified aphids sampled for
identification were infested by Beauveria sp. in the
trials. Hence, the fungal mummies are indicated
as mummies (Beauveria sp.) in the text. The mean
numbers of mummies (Beauveria sp.) in aphid
colonies of specific size, which were recorded
in the trials assessed in 2008-2010, are listed in
Table 4. Slightly higher numbers of aphid mum-
mies in mixtures compared to monoculture were
recorded in all trials. But only in PO trial (2010)
were the recorded differences in the mean values
significant on one date of assessment (July 14). At
that time the mean number of mummies (Beau-
veria sp.) per colony was significantly higher in

Table 4. Mean numbers of mummies (Beauveria sp.) per aphid colony of more than 100 living aphids in 2008
and 2009 and/or 30 living aphids in 2010 PO and 2010 RA

Treat- 2008 2009 2010 PO 2010 RA

ment 906 (SD) 27.6.(SD)  20.6.(SD) 26.6.(SD)  29.6.(SD) 14.7.(SD)  29.6.(SD) 14.7.(SD)
T100  3.09 (3.06) 4.76 (4.02) 4.89 (4.21) 6.93(5.19) 1.20 (1.16) 2.22°(1.89) 0.71 (1.08) 1.73 (1.89)
T60S40 3.42 (2.71) 4.98 (2.71)  4.62 (4.02) 6.87 (5.47) 1.11(1.11) 2.91°*(2.04) 0.98 (1.39) 1.64 (1.82)
T40S60 3.18 (1.90) 5.53(3.24) 5.82(3.03) 7.71(4.74) 1.22(1.62) 2.96 (2.14) 0.96 (0.95) 1.69 (1.49)
T60P40 3.13 (2.74) 4.93 (3.14)  5.76 (2.63) 7.24 (4.56) 1.47(1.38) 3.22°*(1.62) 1.07 (1.42) 1.87 (1.96)
T40P60 2.78 (2.34) 5.02(3.23) 5.27(3.32) 7.02(5.04) 1.33(1.11) 3.71°(247) 1.11(1.15) 2.22(2.01)

The mean values in columns are not significantly different (Tukey’s test; P < 0.05); N = 45 counts per treatment (15 per repli-

cation); SD = standard deviation
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Table 5. Mean percentages of aphid colonies of more than 50 and/or 30 individuals (nymphs + females) with
two or more insect mummies (A. ervi) at the end of flowering stage in 2008 and 2009 and/or in 2010 PO and

2010 RA

Treatment 27.6.2008 (SD) 26.6.2009 (SD) 29.6.2010 PO (SD) 29.6.2010 RA (SD)
T100 3.33 (8.17) 2.67 (5.94) 3.33 (4.88) 4.00 (7.37)
T60540 7.33 (12.80) 5.33 (9.90) 3.33 (7.24) 4.00 (6.33)
T40S60 7.33 (11.63) 6.67 (11.75) 3.33 (6.17) 3.33 (6.17)
T60P40 8.00 (12.65) 7.33 (12.23) 4.00 (5.07) 3.33 (6.17)
T40P60 8.67 (13.02) 8.67 (13.56) 4.67 (6.40) 4.67 (9.15)

The mean values in columns are not significantly different (Tukey’s test; P < 0.05); N = 15 percentage values per treatment

(5 per replication); SD = standard deviation

T40P60 compared to T100 (F
0.01583).

4 920= 3.1254; P =

Mean percentages of aphid colonies
of specific size with insect mummies (A. ervi)
(2008-2010)

The mean percentages of aphid colonies of spe-
cific size (50 and/or 30 individuals) with two or
more insect mummies (A. ervi) recorded in the
trials assessed in 2008 — 2010 are listed in Table 5.
A slight trend of higher percentages of colonies
with A. ervi mummies in the mixture treatments
was found out in 2008 and 2009. It concerns espe-
cially both combinations of pea with spring barley
(T60P40 and T40P60). However, the differences in
the mean values among treatments were not sig-
nificant (2008: F, . = 0.46986; P = 0.75765; 2009:
F, . =0.64488; P = 0.63233). In addition, this trend

4,70
was not proved in trials founded in 2010.

DISCUSSION

Our results show that winged females of pea
aphids searching for their host plants do not prefer
peas in pure stands to peas grown in mixture with
cereals. They were able to found colonies on pea
plants in pure stands and in mixtures with cereals
practically at the same time or any earlier. The oc-
currences of pea aphids in monoculture compared
to mixtures were similar or not very different shortly
after the appearance of the first aphid colonies on
plants and also one (2009, 2010 RA) or two (2008)
weeks later. Unfortunately, there are not any similar
studies dealing with the same crops and pest among

34

the recent sources of available literature. HELENIUS
(1991) and EBWONGU et al. (2001) recorded similar
development of aphid occurrences during the first
phase of plant infestation in monocultures compared
to mixtures. However, they worked with different
plants and aphid species.

Peak aphid densities were higher in monoculture
than in mixtures only in two trials (2008 and 2010
PO). In other two trials the peaks were recorded
in T60P40 and T60S40 and/or in T60P40 (2009
and/or 2010 RA). These results are contrary to
BEDOUSSAC et al. (2010), who assessed the effects
of intercropping winter pea with durum wheat on
pea aphid occurrences. They reported that peak
aphid densities were always significantly higher
in pea monoculture than in mixtures.

In this study, the colony decline started either
markedly earlier (2008, 2010 PO, 2010 RA) or
was clearly sharper (2009, 2010 RA) in mixtures
compared to monoculture. Hence, differences in
the pea aphid occurrences between monoculture
and mixtures became significant two or three
weeks after recording the first living aphids on
pea inflorescences. Unfortunately, there is not any
similar study among the recent sources of available
literature which could be used for comparison
with the obtained results.

If syrphid larvae occur on pea plants shortly after
their colonization by pea aphids, they can act as
an effective tool to control the aphid population
(HYBL & SEIDENGLANZ 2009). Our results indi-
cate that syrphid fly females are able to localize
the pea aphid colonies in mixtures earlier than in
monocultures. This fact was confirmed by higher
numbers of syrphid eggs on pea inflorescences and
especially by higher numbers of syrphid eggs laid
in (or close to) young aphid colonies (colonies of
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10-20 individuals in size) in mixtures. In addition,
the specified aphid colonies in mixtures remained
more attractive to egg-laying syrphid females dur-
ing the first two weeks of colonization at least
(Table 2). Consequently, very rapacious syrphid
larvae appeared earlier in aphid colonies in mixtures
compared to monoculture and the percentages of
aphid colonies infested by syrphid larvae were also
higher in mixtures (Table 3). This could be the rea-
son for an earlier decline of pea aphid colonies in
mixtures than in monocultures. These results are
contrary to NAMPALA et al. (2008), who compared
the occurrence of several natural enemies of cow-
pea pests in cowpea monoculture and its mixtures
with sorghum and greengram. They stated that the
abundance of syrphid larvae was not influenced by
the fact if the cowpea was grown in mixture or in
monoculture. The influence of the final composi-
tion (plant species, their portions) of a crop mixture
on the effectiveness of syrphids as control agents
was discussed in several studies (POLLARD 1971;
KLOEN & ALTIERI 1990; SMITH & CHANEY 2007;
DAANE et al. 2008). PoLLARD (1971) stated that
standing cereals provide shelter to adjacent plants,
and thereby enhance the oviposition of syrphids.
Suitable plant composition in a mixture and well-
considered time (later or earlier planting of some of
the components) organization of intercropping can
markedly increase the effect of syrphids on aphids
in such mixtures (SM1TH & CHANEY 2007; DAANE
et al. 2008). A very slight tendency of mixtures
compared to monoculture to higher numbers of
fungal mummies in aphid colonies was found out
in our trials in 2008—2010 (Table 4). Entomologists
tend to consider entomopathogenic fungi as agents
of limited value in the control of aphids. The rea-
sons for this presumed general ineffectiveness are
as follows: inadequate inoculum levels, infection
being too dependent upon specific environmental
conditions, and dissemination being too dependent
upon the presence of uniformly distributed and
abundant hosts (RADCLIFFE & RAGSDALE 2007).
On the basis of our results it is possible to conclude
that the levels of Beauveria sp. infections of pea
aphids in our trials (2008-2010) could hasten the
start of colony decline but they did not influence
the differences in the aphid occurrences between
monoculture and mixtures.

We also found out a slight tendency of mixtures
to higher percentages of infested aphid colonies
by the parasitoid (A. ervi), especially in 2008 and
2009 (Table 5). In 2010 (PO, RA) the differences

were negligible. It is possible to conclude that

the levels of pea aphid parasitisation by A. ervi in

our trials (2008—2010) could hasten the start of
colony decline but they did not probably influence
the differences in the aphid occurrences between
monoculture and mixtures.

Several conclusions arise from the results of the
present study:

(1) Winged females of pea aphids searching for their
host plants did not prefer peas in monocultures
to peas grown in mixture with cereals.

(2) The decline of pea aphid colonies started ei-
ther markedly earlier or tended to be clearly
sharper in mixtures of peas with spring cereals
compared to pea monoculture.

(3) Syrphid fly females were able to localise the
young pea aphid colonies in mixtures of pea
with spring cereals earlier than in pea mono-
culture.

(4) Syrphid fly females tended to lay more eggs
in (or close to) pea aphid colonies of definite
size in mixtures of pea with spring cereals
compared to pea monoculture.

(5) Earlier decline of pea aphid colonies in mix-
tures of pea with spring cereals compared to
pea monoculture could be a result of earlier
occurrence of higher numbers of syrphid eggs
and consequently larvae in young aphid colo-
nies in mixtures.
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