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Development and fecundity of pea aphid (Acyrthosiphon pisum
Harris) as affected by constant temperatures and by pea varieties

M. Bier1, J. BAUMGARTNER, G. BiancHI1, V. DELuccHI & R. voN ARX
Institut fir Phytomedizin, ETH-Zentrum, CH-8092 Ziirich

Pea aphid (Acyrthosiphon pisum Harris) development and fecundity were studied in relation to
constant temperatures (10°, /5°, 20°, 25° 30°C). For immature stages developing to apterous virgino-
parae a temperature threshold of 5,7°C was calculated using a linear model that describes the develop-
mental rates between 10° and 20°C. For the temperature range between the threshold and 30°C the
developmental rates were described by a new non-linear model. From 10° to 25°C nymph survival did
not appear to be affected by temperature. The total fecundity of apterous virginoparae, however, was
highest at 15°C. At this temperature both age specific survival and fecundity rates were described by

regressions models.

The influence of 6 widely used pea varieties on the developmental rates and the fecundity of the pea
aphid was compared on plants at different stages under laboratory and field conditions. None of the
tested pea varieties proved to have inhibiting effects on aphid population parameters.

The pea aphid (Acyrthosiphon pisum HARRIS) is considered as an important
pest of pea (Pisum sativum) in Switzerland (MEIER, 1955; SuTeRr, 1977). Following
the approach of GuTtiErRrREZz and coworkers in the analysis of California’s alfalfa
ecosystem (GUTIERREZ & BAUMGARTNER, in prep.) the aphid dynamics as ob-
served in the field is simulated by a set of mathematical equations describing the
aphid biology as effected by temperature, nutrition, and biotic/abiotic control
mechanisms. In this work it is attempted to parametrize some of these relation-
ships on an experimental basis that accounts for (1) differences between pea aphid
strains feeding on the same plant species in different locations (CAMPBELL et al.,
1974), (2) differences between aphid populations living on different plant species
(FrouricH, 1962) or (3) on different host plant varieties (MEIER, 1956; CARTIER,
1963; HARVEY et al., 1972). Canadian and US entomologists have investigated
many aspects of the temperature dependent developmental biology (HaRRISON &
BarrLow, 1972, 1973; SHARMA et al., 1973, 1976; SippiqQui ef al., 1973; LamB &
PoinTiNg, 1975; RoiTBERG & MyYERS, 1979). Less information on this subject
appears to be available for the European strains of A.pisum. In Europe, aphid
strain performances or host plant influences have been studied in detail (FrROH-
LicH, 1962; MARKKULA, 1962; MULLER, 1962; MarkkuLA & Roukka, 1970, 1971)
rather than the effect of temperature on aphid development and fecundity. This
paper is intended to be a contribution to close this gap. Furthermore, varietal
effects on pea aphid development may be considered as an indication for resis-
tance (DeLuccH1 et al., 1981) that could be integrated in a pest management
program.

MATERIAL AND METHODS
Rearing of aphids

Pea aphids were collected on pea plants near Finsterhennen (Ct. Berne) in
the fall. A small stock culture was established on the pea variety «Mars» (no. 19)
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Fig. 1: Rearing unit (S = Nutrient solution in sand, P = pea plant).
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under long day conditions (16/8) at 21 °C. From this rearing, newly born nymphs
were each transferred to a plant in the 4 leaf stage, growing on a nutrient solution
(1.7% N, 1.7% P, 3% K) and kept individually in a plexiglass cage (fig.1). The
quartz sand in the root zone was covered by black paper to reduce water evapora-
tion and to facilitate the recover of the exuivae.

Developmental biology

Nymphs developed at long day conditions (16/8) and at different constant tem-
peratures of 10°, 15°, 20°, 25° and 30°C (£ 1°C). The nymph development was
recorded daily. The relationship between developmental rate and temperature was
tested for linearity with the method of Sacus (1978). For the temperature range
between 10° and 20°C the developmental threshold was calculated after Camp-
BELL ef al. (1974). For the range between the developmental threshold and 30°C a
new model was used to describe the non-linear developmental rate (DR) (fig. 2):

DR =P1#(TEMP -DT) -P2#+ [(TEMP - DT) - P3] [1]
where DT = developmental threshold
TEMP = temperature
P1, P2, P3 = constants (P1 = 0.01127, which corresponds approximately
to the rate of increase in the linear model; P2 = 1.3596, which determines
the slow down of the developmental rate at higher temperatures; P3 =
31.2693, which corresponds approximately to the point of intersection
with x-axis at highest temperature).

Developmental
Rate
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Fig. 2: Models of the developmental rates (DR) of apterous virginoparae of A cyrthosiphon pisum
[A = linear model from 10° to 20°C, DR = (0.0109 «= TEMP) -0.0617;

B non-linear model from developmental threshold (5.7°C) to lethal temperature, DR = 0.01127 *
(TEMP -5.7) - 1.3596 #+ [(TEMP - 5.7) - 31.2693];

C = function given by CAMPBELL & MACKAUER (1976);

D = function given by Sippiqui er al. (1973)].
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P1, P2, P3 were estimated by means of the program of JENNRICH et al. (1981)
(fig. 2).

Fecundity and adult longevity

The daily progeny production was determined for each apterous virginopara
used for the calculation of the developmental rates. Differences between individ-
ual treatments (10°, 15°, 20°, 25° and 30°C, tab. 1) were evaluated with the New-
MaN-KEuLs multiple range test (Zar, 1974). The age specific fecundity rate was
described as a function of time (d) (fig. 4). The fecundity of each apterous virgino-
para was divided by the maximum progeny produced at 15°C (tab. 1) and the
resulting relative fecundity was described as a non-linear function of temperature
using the program by JENNRICH ef al. (1981).

The age specific fecundity (F) is described by the equation:

F =Pl*d/ (P2=xd) [2]
where d= age in days at 15°C

P1, P2 = constants (P1 = 4.843, initial fecundity rate;

P2 = 1.233, parameter of decrease).

Influence of the host plant variety on aphid development and fecundity under
laboratory conditions

a) Host plant varieties at seedling stage:

Six varieties were considered, using the variety «Mars» (no. 19) as reference.
Ten seedlings of each pea variety were each infested with a newly born aphid
nymph and maintained at long day conditions (16/8) and at 15°C. The experiment
was replicated 3 times (180 aphids for 180 seedlings altogether). Both the develop-
ment of the aphids and the number of offsprings were checked daily. Immature
development, fecundity rate and average adult longevity were compared by an
analysis of variance using an SPSS program (NIE et al., 1977) (tab. 2).

Tab. 1: Total number of offsprings (F) per apterous virginopara as affected by constant temperatures
(°C). (SD = standard deviation; N = number of replications; «test» means: followed by the same letter
the results are not different with P < 0.05 in Newman-Keuls’ multiple range test).

°C F + SD N test
10 68.10 = 14.4 3l a
15 101.36 + 21.8 28 b
20 89.88 + 17.4 33 C
25 64.88 + 15.4 34 a
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Tab. 2: Host plant effect on development, fecundity and longevity of Acyrthosiphon pisum
(P = preimaginal developmental time; F = fecundity; L = longevity; N = number).

Under laboratory conditions

Under field conditions

On plants at seedling stage

N of pea aphids

N of aphids

Index of aphid

Index of aphid

15 days after per plant on | population in- | population in-
Varieties P F L transfer on plants 3rd June crease from crease from
at flowering stage 3rd to 12th 12th June to
June 4th July
Mars (19) | 11.38 | 101.00 | 24.63 154 0.71 9.55 3.31
no. 01 11.21 [ 107.25 | 25.71 151 1.43 3.14 1.45
no. 02 11.17 | 104.13 | 25.43 181 1.70 3.39 2.82
no. 12 11.61 | 104.57 | 27.43 128 1.56 5.01 4.37
no. 17 11.11 [ 106.89 | 27.67 157 1.31 2.69 1.99
no. 21 10.86 | 109.86 | 29.76 143 0.74 6.17 2.04
Sign. | Sign. Sign. Sign. Sign. Sign. Sign.
of F of F of F of F of F of F of F
0.029 | 0.146 0.016 0.868 0.135 0.417 0.051




b) Host plant variety at flowering stage:

Three plants of each of six pea varieties were grown in pots (18 x 18 x 15 ¢cm)
under field conditions during the spring. Five 4th stage nymphs were transferred
to each plant having reached the 18th to 20th node. The plants were then protect-
ed with plexiglass tubes (15 ¢cm diameter, 52 cm high) and kept at long day condi-
tions (16/8) and 15°C. The number of aphids per plant was counted 15 days later
(tab.2). The final increase in number per variety was compared with an SPSS
analysis of variance program (NIE et al., 1977).

Influence of the host plant variety on aphid population increase under field conditions

Six pea varieties were sown in plots of 4 x2m with four replications in a
split-split-plot arrangement. The first winged virginopara was observed on 3rd
June 1981 and the colonization of the pea plants by the aphids was recorded on
the same day. Aphids and associated arthropods were counted on 25 tillers per
plot on 12th June and 4th July. The tillers were cut at ground level using a PVC-
sampling through (fig. 5) and brought to the laboratory. The data were compared
by analysis of variance with an SPSS program (NIt et al., 1977). The variance in
the data set on the colonization phase was stabilized after BAUMGARTNER et al.
(1983) while the increase ratios index of aphid population increase between the
sampling dates (tab. 2) were log transformed (Zar, 1974).

RESULTS AND DISCUSSION

Developmental biology

In Sacu’s (1978) t-test the rates of development of the immature stages
appeared to be linearly related to temperatures in the range between 10° and 20°C
(fig. 2). The developmental threshold of 5.7°C is higher than the value reported by
CAMPBELL et al. (1974), but close to that calculated by CAMPBELL & MACKAUER
(1975). Because the daily mean temperature in north-eastern Switzerland exceeds
20°C during the growing season, a non-linear model [eq. 1] was required to de-
scribe the developmental rates at higher temperatures. By visual examination the
model describes them satisfactorily (fig. 2). Nymphal survival did not appear to be
affected by constant temperatures between 10°C and 25°C. In the same tempera-
ture range CampBELL & MACKAUER (1975) also observed no deleterious effect on
pea aphid development. At 30°C, however, high aphid mortality occurred and
aphids reaching the adult stage were pale coloured and did not reproduce. Evi-
dently, both the aphids and the pea varieties were under stress at such high tem-
peratures, as already reported by Sippiqui ef al. (1973). The model fits well with
the data obtained experimentally (fig. 3). In general, the observed developmental
rates were considerably higher than those reported by American entomologists

(fig. 2).

Fecundity and adult longevity

The highest fecundity was observed at 15°C (tab. 1). Below and above 15°C
the production of offsprings was significantly (p <0.05) reduced (tab. 1, fig. 3). The
calculated reduction in the relative fecundity observed at low temperatures (fig. 3)
corresponds to the observations made by SippiqQui et al. (1973). SippiqQui et al.
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Fig. 3: Survival (SV) of nymphs (a)
and relative fecundity (FE; b =
-0.760+ 0.204 = TEMP -0.006 =
TEMP #+ 2) of Acyrthosiphon
pisum. 0]

(1973) and CampBELL & MackaUERr (1977) observed similar performances in
relation to constant temperatures, whereas the values reported by MARKKULA &
Roukka (1970, 1971) and SHarRMA et al. (1973) are much lower. The fecundity
seems to be more sensitive to adverse temperature than nymphal survival (fig. 3).

At 15°C age specific survival was reduced only after the fecundity rates had
passed the highest values (fig. 4).

The influence of the pea variety on aphid population increase

On plants in the seedling stage, aphid population parameters appeared to be
slightly influenced by the tested varieties. Variety no. 21 seems to favour pea aphid
development (tab.2). However, this effect was neither observed on plants at
flowering stage nor under field conditions (tab.2). None of the tested varieties
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e - A
e\
. o
\o
L ee
7.5 A - 0.75
5 A - 0.50
2.5 - - 0.25
0 T T 0.00
0 10 20 sod

Fig. 4: Fecundity [Mx, B = 4.834 = d/ (1.233 #+ d)] and survival (Lx, 0 =A =1, A = 1.892 -0.058 = d)
rates at 15°C of apterous virginoparae of Acyrthosiphon pisum (d = days).
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70 cm

Fig. 5: PVC-trough for aphid sampling in pea fields.

influenced the population growth parameter as mentioned in MARKKULA &
Roukka (1970, 1971). The aphid counts on 4th July were close to harvest of
variety «Mars» (no.19) (BAUMGARTNER et al., 1983). Therefore considerable
interplot interferences may have influenced the population development from the
first sampling date (12th June) to the second (4th July), making the latter a less
reliable estimator for varietal effects on aphid population development under field
conditions.

ZUSAMMENFASSUNG

Die Entwicklungsdauer und die Fekunditit der Erbsenblattlaus (Acyrthosiphon pisum Harris) wurde
bei unterschiedlichen konstanten Temperaturen (10°, 15°, 20°, 25°, 30°C) untersucht. Fiir die Entwick-
lung vom ersten Larvenstadium zu einer ungefliigelten Virginopara wurde mittels linearer Regression
zwischen den Entwicklungsraten von 10° bis 20°C, ein Entwicklungsnullpunkt (ENP) von 5,7°C
berechnet. Fiir den Temperaturbereich zwischen ENP und 30°C wurden die Entwicklungsraten in
Abhiingigkeit der Temperatur durch eine nichtlineare Funktion beschrieben. Bis 25°C konnten keine
negativen Einfliisse auf die Entwicklung der juvenilen Tiere festgestellt werden. Die hochste Fekunditit
der Virginoparae wurde bei 15°C beobachtet. Fiir diese Temperatur wurden die Funktionen fiir die
altersspezifische Fekunditit und die Lebensdauer der ungefliigelten Virginoparae beschrieben.

In einem weiteren Versuch bestimmte man die Fekunditdt und die Lebensdauer von A4. pisum
auf 6 in der Praxis verwendeten Drescherbsensorten. Die Untersuchungen wurden im Labor bei 15°C
auf jungen Samensprossen (4-8 Blattstadium) und auf Pflanzen im Bliitenstadium vorgenommen und
anschliessend die Ergebnisse in einem Feldversuch iiberpriift. Es konnte bei keiner der getesteten
Sorten eine deutliche Beeinflussung der Populationsparameter von 4. pisum festgestellt werden.
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