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Abstract Potato virus Y (PVY) is a major pathogen of potato and transmitted non-
persistently by aphids. Aphis fabae is the main vector of PVY in the High Grade Seed
Potato Production Area (HG area) in Finland, where the number of aphids and infection
pressure with PVY are rather low, but problems with PVY occur in PVY-susceptible
cultivars. The aim of the study was to test straw mulch, mineral oil, birch extract, and
insecticides for control of PVY in small-scale field experiments and, additionally, at farm
level in growers’ fields in the HG area of Finland. The insecticide esfenvalerate reduced
the incidence of PVY in the progeny tubers by 29% in one of the 3 years, whereas other
chemical treatments or birch extract had no significant effect on PVY incidence. Spraying
foliage with mineral oil (Sunoco 11 E/3) reduced the incidence of PVY in 2 years by 43 to
58%, respectively. Straw mulch spread to the field at the time of plant emergence reduced
PVY incidence in all 3 years by 50–70%. At farm level, straw mulch reduced the
incidence of PVY in the progeny tubers by 25–47%, respectively, in both years tested;
however, combining application of straw mulch and mineral oil did not further reduce
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incidence of PVY. Successful control of PVYin the HG area of Finland using strawmulch
may be explained by transmission of PVYearly in the growing season at the time of plant
emergence and the relatively low number of vector aphids.

Keywords Aphid . Potato virus Y. PVY transmission . Strawmulch . Virus control

Introduction

Potato virus Y (PVY) can cause substantial yield losses in potato, especially as a
consequence of secondary infection when PVY-infected seed potatoes are used
(Valkonen 2007). Therefore, indexing of PVY is a norm in seed potato certification
schemes in many countries (Slack and German 1998; European and Mediterranean
Plant Protection Organization (EPPO) 1999; Bolotova et al. 2009; Liu et al. 2011).
PVY-resistant cultivars provide the most efficient way to protect potato crops against
yield losses caused by PVY, but most cultivars are not resistant to all PVY strains (Tian
and Valkonen 2013; Zimnoch-Guzowska et al. 2013). Therefore, it is important to
control PVY also by other means, especially when seed potatoes are produced from
PVY-susceptible cultivars.

Seed potatoes may be grown in isolation from other potato production to avoid
transmission of viruses to seed potato crops by vectors (Wilson and Jones 1990). Seed
potato production may also be located in areas where virus transmission is limited due
to a low abundance of vectors (De Bokx and Van der Want 1987). When the
aforementioned precautionary measures are not sufficient, relatively few options re-
main available to protect seed potato crops of PVY-susceptible cultivars from infection
with PVY (Davidson et al. 2013). PVY is transmitted by winged aphids of many
species in a non-persistent manner (De Bokx and Huttinga 1981; Verbeek et al. 2010).
This mode of transmission is characterized by brief probing of the plant by the aphid,
which is sufficient for acquisition and transmission of the virus (Broadbent and Tinsley
1951; Powell 1991; Martín et al. 1997). Vectors of PVY comprise a wide variety of
species, mostly from the family Aphididae, and include potato colonizers and non-
colonizers. Species not colonizing potato play a major role in transmission of PVY
(Edwards 1963; Bell 1983; Rydén et al. 1983; Harrington et al. 1986; Sigvald 1987;
Ragsdale et al. 2001; Kirchner et al. 2011).

The short time sufficient for transmission of PVY, and a dominant role of non-
colonizing vectors, renders killing the vector aphids with insecticides inefficient in
control of PVY (Radcliffe and Ragsdale 2002). Insecticides fail to kill the vectors fast
enough and cause restless behavior of the vectors, which may actually increase
transmission of PVY (Broadbent 1957; Perring et al. 1999). Nevertheless, insecticides
are often used in attempts to control PVY (Döring et al. 2007), probably because
control of PVY is confused with the approaches used to control Potato leaf roll virus
(PLRV), a persistently transmitted virus. The vectors of PLRV need to settle on potato
plants to feed from the phloem for acquiring and transmitting PLRV. Therefore, PLRV
can be controlled by killing or reducing aphid populations on potato plants with
insecticides (Ragsdale et al. 2001).

Spraying potato foliage with mineral oil can reduce transmission of PVY, as shown
by some studies (e.g., Bradley et al. 1962, 1966; Boiteau and Singh 1982a; Kurppa and
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Hassi 1989), but contrasting results have also been reported (Radcliffe and Ragsdale
2002; Hansen and Nielsen 2012). The mechanism is not well understood, but mineral
oil may affect interactions of virus particles with aphid stylet (Powell 1992) or the
behavior of aphids, e.g., by repelling them or delaying sustained feeding behavior
(Ameline et al. 2009, 2010).

Another potential method to control the transmission of PVY is mulching the potato
field with cereal straw after planting. The efficacy of straw mulching against aphid
transmission of viruses has been reported in a wide range of crops, including barley
(Kendall et al. 1991), faba bean and rape (Heimbach et al. 2000, 2001, 2002; Saucke et
al. 2009), lupins (Jones 1994), vegetables (Summers et al. 2004, 2005), and organically
grown potatoes (Saucke and Döring 2004). The mode of action is primarily attributed
to the manipulation of the host finding behavior of aphids by the visual properties of
straw (Döring et al. 2004). It is also important to note that the efficiency of straw mulch
in reducing transmission of PVY depends on vector phenology and appears to be
greatest when the vector flight activity peaks early in the growing season (Saucke and
Döring 2004). Despite its potential, straw mulch is not widely applied to control PVY
and other non-persistently transmitted viruses in seed potato production. One reason
may be that there is little information available on how effective straw mulch applica-
tions could be when applied at the field scale. Mulching has been tested mainly in
small-scale field experiments using high (e.g., artificially augmented) virus inoculum.

European Union (EU) has approved five High Grade Seed Potato Production Areas
(HG areas) in which particular measures are taken to ensure freedom from dangerous
plant pathogens and pests recognized by EU legislation. The northernmost HG area
(latitude 64° N, longitude 25° E) of EU is in Finland where the growing season is short,
and the numbers of aphids visiting potato fields are generally low (Kirchner et al. 2011,
2013). In this HG area, the flights of Aphis fabae (Scopoli) within a relatively short period
of time early in the growing season are responsible for the spread of PVY (Kirchner et al.
2011). The objectives of this study were to test how efficiently mulching with straw can
reduce transmission of PVYas compared with application of mineral oil, birch extract, or
aphicides in the HG area in Finland. A comparative study to determine the transmission
rate of PVY in another region 500 km south from the HG area was carried out in 2009.

Material and Methods

Field Experiments in the HG Area Small-scale field experiments (SSE) were carried
out in Lumijoki (64° 49′ N, 25° 16′ E) in 2009, 2010, and 2011 (Table 1). The large-
scale experiments (LSE) in farmers’ fields were carried out in Tyrnävä (64° 45′ N,
025° 39′ E) in 2011 and 2012 and in Liminka (64° 48′ N, 25° 24′ E) in 2012. The
fields were 2–10 m above the sea level at the coastal area of the Gulf of Bothnia
(Baltic Sea). The effective sums of temperature during the potato-growing period
(weeks 25–36) were 835, 852, 908, and 791 °C in 2009, 2010, 2011, and 2012,
respectively, and precipitation was 166, 186, 278, and 195 mm, respectively. The soil
was fine sand and pH varied from 5.5 to 5.8. The Biologische Bundesanstalt,
Bundessortenamt and Chemical industry (BBCH) phenological growth stage system
(Hack et al. 1993) was used to assess the growth stage of potato plants weekly during
the growing season.
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SSE The SSEs (Fig. 1a) compared insecticides, mineral oil, birch extract, and the use of
straw mulch in control of PVY. Procedures were based on EPPO guidelines for efficacy
evaluation of insecticides (EPPO 2008). Barley straw was applied by hand at 5.5 t/ha
when potatoes were about to emerge in June (Table 2). Insecticide treatments included
foliar sprays with (i) esfenvalerate at 15 g/ha, (ii) combination of tau-fluvalinate at 60 g/
ha and thiacloprid at 60 g/ha, and (iii) tuber dressing with thiamethoxam at 4.9 g/100 kg
of seed potatoes. Mineral oil (Sunoco 11 E/3, Berner, Helsinki, Finland) was used as a
1.5% solution in water. Birch extract (Charcoal Finland Ltd, Alavieska, Finland) shown

Fig. 1 Design of small-scale experiments (SSE) and large-scale experiment (LSE). a Randomly distributed
experimental plots to test treatments with straw mulch, mineral oil, birch extract, and aphicides (June 28,
2011). Yellow pan traps were used to monitor aphids from planting to harvest of potatoes. b Bale chopper
(Jeantil PR 2000) used for straw mulch application in LSEs (June 17, 2011). c A sector of a farmer’s field
covered with straw and separated from the other sector covered with straw (to the left) with a sector containing
no straw in an LSE (June 17, 2011)
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to repel molluscs (Lindqvist et al. 2010) was applied as 1.5% solution in the SSE of
2009 (SSE09) or 3% solution in water in the SSE of 2010 (SSE10) (Table 2). The first
foliar spray with insecticides, mineral oil, or birch extract was applied when 50% of the
plants had emerged. Treatments were repeated weekly until flowering of plants (BBCH
60). In the SSE of 2011 (SSE11), the treatments with birch extract, thiamethoxam, and
the combination of tau-fluvalinate and thiacloprid were not included.

Experiments were arranged according to the completely randomized block design
with four replications. Plot size was 8.0 m×3.2 m (four rows). The plots were separated
from each other by bare soil strips of 2.5 m. The experimental area was surrounded by
an oat crop at a 5-m distance from potato plots. The seed potatoes (cultivar Asterix)
used for planting were infected with a strain of PVYNTN (Tian et al. 2010). All plots of
an experiment were planted with tubers from the same PVY-infected seed lot. Infection
rate in the seed lots was 3.5–4.7%, as determined by sampling leaves from 700 to 1,000
plants of the experiment 2 weeks after emergence. Leaf samples were tested for PVY
by double antibody sandwich ELISA (DAS-ELISA) (Table 1) using polyclonal anti-
bodies and alkaline phosphate-conjugated polyclonal antibodies detecting all strains of
PVY (Adgen Phytodiagnostics, Neogen Europe Ltd., Ayr, UK), as described (Kirchner
et al. 2011). Planting distance was 0.28 m within a row and 0.8 m between rows. The
experimental areas were fertilized with 60 kg/ha of nitrogen (Table 1). Weeds were
controlled with one (SSE11) or two (SSE09 and SSE10) herbicide applications (Ta-
ble 1) before straw mulch was spread. Late blight was controlled with six (SSE09) or
seven (SSE10 and SSE11) applications (Table 1).

A total of 50–52 plants from the two middle rows of each plot were harvested 92,
103, and 100 days after planting in SSE09, SSE10, and SSE11, respectively (Table 1),
graded for size and weighed. A total of 120, 100, and 180 progeny tubers from
experiments SSE09, SSE10, and SSE11, respectively (30, 25, and 45 tubers per plot,
respectively) were sprouted and the young leaves tested for PVYusing DAS-ELISA, as
described (Kirchner et al. 2011).

Table 2 Treatments and numbers of applications tested for control of transmission of PVY

Barley
straw

Sunoco
11

Esfenvalerate Tau-fluvalinate
and thiacloprid

Thiamethoxam Birch
extract

Application
rate

5.5 t/ha 12 l/haa 15 g/ha 60 g/ha 4.9 g/100 kg seed
potatoes

12 l/ha (2009)

24 l/ha (2010)b

Number of
applications

SSE09 1 5 4 3× tau, 1× thic 1 5

SSE10 1 5 3 2× tau, 1× thic 1 5

SSE11 1 4 3 0 0 0

Only one type of treatment was applied to each experimental plot, except in LSE12b in which the same plot
was treated with straw mulch and Sunoco 11
a 1.5% solution in water
b 1.5% water solution in 2009 and 3% water solution in 2010
c Treatments with tau-fluvalinate (tau) and thiacloprid (thi): in SSE09 tau-fluvalinate 2.7, 9.7, and 16.7 and
thiacloprid 24.7; in SSE10, tau-fluvalinate 6.7 and 15.7, and thiacloprid 22.7

64 Potato Research (2014) 57:59–75



LSE LSEs were set up in grower’s seed potato fields, i.e., in one field in 2011 (LSE11) and
two fields in 2012 (LSE12a and LSE12b). Incidence of PVY in the seed potato lots used
for planting was 0.3% in LSE11 (cultivar Velox), 0.7% in LSE12a (cultivar Tanu), and
3.5% in LSE12b (cultivar Van Gogh) (Table 1). Sizes of the fields were 2.1 ha (LSE11),
2.0 ha (LSE12a), and 6.5 ha (LSE12b). Straw was spread to two sectors (width 16 m) of
the field and separated and bordered by sectors of similar width but without straw
(Fig. 1c). Lengths of the sectors were 120 m (LSE11), 115 m (LSE12a), and 150 m
(LSE12b).Thetwomulchedandtwonon-mulchedsectorsweredividedintotwopartsin
order to have four replications per treatment. Barley strawwas applied with a bale chopper
(Jeantil PR 2000, L’Hermitage, France) at 5 t/ha when plants were emerging (Fig. 1b).

In LSE12b, a combination of straw mulch and mineral oil treatment was used.
Mineral oil was applied as a 1.5% suspension in water. The mineral oil was first applied
at plant emergence. Four additional applications were done at 1-week intervals until
flowering (BBCH 60) (application dates July 9, 17, 24, and 30 and August 6).

The trials were managed by the grower in accordance with seed potato production
practices typical to the region (Table 1).

An area (12 m×4.8 m) including 262–300 plants was marked in the center of each
replication and the incidence of PVY determined by testing leaves from 125 plants
2 weeks after emergence. The average yield was determined by harvesting and
weighing the crop from the area of 6 m2 in each sampling area, and 125–250 tubers
from the yield were tested for PVY.

Estimation of Vector Pressure Monitoring of aphids was started in the middle of June
before potato plants emerged and continued until harvest in the beginning of September.
The standard yellow pan traps (YPTs) (Syngenta Agro GmbH, Maintal, Germany) used
were 27.0×33.0×8.0 cm (width×length×height) in size. They were filled with ca. 1.5 l of
tap water containing 1 ml of 50% Tween 20 as an odorless detergent and placed at the
edge of the field. The traps were emptied twice a week and the catch was stored in 70%
ethanol. All aphids were identified as described (Kirchner et al. 2011, 2013). Vector
pressure was estimated based on the aphids caught during the period of time from plant
emergence (BBCH 09) to closure of canopy (BBCH 40). The numbers of nine aphid
species known to be efficient vectors of PVY were considered, and their species-specific
relative efficiency factors as vectors of PVY according to van Hoof (1980) were used
because they were experimentally found to be best fitting in the HG area of Finland
(Kirchner et al. 2011). The resulting values over the nine species were calculated for each
experiment to obtain the estimate of vector pressure, as described (Kirchner et al. 2011).

Statistical Analysis Generalized linear models (GLM) were used to determine differ-
ences between treatments with blocks as fixed effects. Multiple comparisons of means
with the untreated control were performed with the Dunnett test. Grubbs test (Grubbs
1969) identified one outlier in the control of SSE10, which was removed from the
analysis. The incidence of PVY in the LSEs was compared with the incidence of PVY
predicted by the epidemiological model of PVY transmission in the HG area (Kirchner
et al. 2011). For the prediction of the incidence of PVY, multi-model inference (MMI)
estimates were used for vector pressure, virus resistance, and incidence of PVY in the
seed tubers. All analyses were done using “stats,” “multcomp,” and “outlier” packages
in R, version 2.12.1 (Crawley 2007; R Development Core Team 2011).
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Field Trial for Testing Transmission Rate of PVY in a Southern Region of
Finland Besides the HG area (Kirchner et al. 2011), which is located at the northern-
most potato-growing area of Finland, the rate of PVY transmission in potato crops has
been studied in only few other regions of the country (Tiilikkala 1987). Therefore, a
trial was carried out in the experimental farm of University of Helsinki in Viikki,
Helsinki (60° 14′ N, 25° 02′ E), in 2009. The field was 2 m above the sea level at the
coast of Gulf of Finland (Baltic Sea). The only aim of this experiment was to determine
the rate of PVY transmission.

The experimental plot was placed in the middle of a wheat field. Plot size was
12.6 m×12.6 m. Distance between rows was 70 cm. Seed potatoes were planted at a
distance of 28 cm. The experimental plot was bordered with a 5-m wide zone of bare
soil (Online Resource 1).

Aphids were caught using four yellow traps each placed at a different edge of the
experimental plot. PVY vector pressure was determined as explained above.

The highest class of certified seed potatoes of cultivar Asterix (max. 2% infected
with PVY) was used to plant the experiment. Planting was done on May 25. Two
weeks after emergence, leaves were sampled from all 792 plants. Plants were numbered
and leaves from ten plants were pooled for testing for PVY by DAS-ELISA, as
described above. Fifteen pools were found to be PVY-positive. All samples of these
pools were tested separately to identify the PVY-infected plants, which were subse-
quently removed from the field.

Infector plants for the experiment were obtained from a tuber lot of cultivar Asterix
highly infected with PVYNTN (Tian et al. 2010). Tubers were sprouted and young
leaves tested by DAS-ELISA with PVY strain group-specific monoclonal antibodies
obtained from Science and Advice for Scottish Agriculture (SASA, Edinburgh, Scot-
land). The infector tubers positive for PVYNTN were used to replace 36 healthy seed
tubers, so that the infectors were distributed evenly over the whole plot (Online
Resource 1) and a seedborne PVY infection rate of 4.5% was achieved.

Potatoes were harvested at the end of August. Tubers from each infector plant and
each of the eight plants surrounding the infector plant were collected separately. Tubers
from the remaining plants were combined in one lot. Tubers were stored at +8 °C for
7 months, sprouted, and tested for PVY by DAS-ELISA. Three tubers of each infector
plant and each surrounding plant were tested by sampling leaves from two stems of the
plant. The incidence of PVY in the tubers of remaining plants stored as one lot was
tested by taking three samples of 50 tubers from the lot and testing the tubers as
described above.

Results

Vector Pressure In the SSEs, vector pressure during the 3-week-long period from
emergence of plants (BBCH 9) to the closure of canopy (BBCH 40) was at similar,
relatively low levels in all 3 years (Table 3). In the LSEs, the vector pressure was
generally higher than in the SSEs. The highest vector pressure was observed in
LSE12b. In the SSEs and LSEs, A. fabae was the most abundant aphid species known
for its high capacity to transmit PVY (Table 3).
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SSE In the SSEs, the incidence of PVY in the seed tuber lots was 4.0, 3.5, and 4.7%, in
2009, 2010, and 2011, respectively, whereas PVY incidence in the yield was 38, 36,
and 52%, respectively, in the control plots. Vector pressure was 16.8, 12.6, and 20.1,
respectively (Table 3). In contrast, the application of straw mulch limited the spread of
PVY significantly as compared with controls, resulting in lower PVY incidence of 12%
(p<0.001), 18% (p<0.05), and 26% (p<0.001) in 2009, 2010, and 2011, respectively
(Fig. 2). Furthermore, the incidence of PVY was significantly lower in plots treated
with Sunoco 11 E/3 than in control plots in 2009 (22%, p<0.05) and 2010 (15%,
p<0.001). In plots treated with esfenvalerate, the incidence of PVY was lower than in
control plots only in 2011 (29%, p<0.05) (Fig. 2c). Other treatments did not signifi-
cantly reduce or increase the incidence of PVYas compared with the untreated controls.

Treatments used to control PVY did not influence the yield significantly. In average,
yield was 34 t/ha in all treatments and years. No differences among blocks were
observed for all years. In 2010, one replication of the untreated control with 4%
PVY in the harvested tubers was removed from the dataset.

LSE In LSEs, the incidence of PVY in the seed lots was 0.3% (LSE11), 0.7%
(LSE12a), and 3.5% (LSE12b), whereas PVY incidence in the yield was 4.4, 0.6,
and 27%, respectively, when no control measures against transmission of PVY were
used. Vector pressure was 22.4, 108.5, and 471.8, respectively (Table 3). The incidence
of PVY was significantly lower in the field sectors mulched with straw in LSE11

Table 3 The PVY vector pressure in 2009–2012, the incidence of PVY in the seed potato lots used to plant
the experiments, and the incidence of PVY in the yield harvested from control plots. Vector pressure
calculations were based on relative efficiency factors (REF) (van Hoof 1980) of aphids caught with yellow
pan traps between emergence and canopy closure (BBCH 09-40)

Species REF No. of aphids

SSE09 SSE10 SSE11 LSE11 LSE12a LSE12b SF

Acyrthosiphon pisum 0.28 2 13 0 2 0 3 2

Aphis fabae 0.48 28 15 30 35 188 976 50

Aphis pomi 0.18 0 0 1 1 0 0 0

Aulacorthum solani 0.10 6 2 4 15 28 9 0

Capitophorus hippohaes 0.06 1 3 4 2 56 0 0

Macrosiphum euphorbiae 0.58 2 2 3 5 19 0 0

Metopolophium dirhodum 0.06 12 0 17 2 14 11 2

Myzus persicae 1.00 0 0 1 0 0 0 0

Rhopalosiphum padi 0.04 7 5 27 6 6 23 21

Total vector pressure 16.8 12.6 20.1 22.4 108.5 471.8 25.52

PVY-% in seed potatoes 4.0 3.5 4.7 0.3 0.7 3.5 4.5

PVY-% in yield 38 36 52 4.4 0.6 27 67

Increase of PVY (fold) 9.5 10.3 11.1 14.6 0.9 7.7 14.9

SSE small-scale experiment, LSE large-scale experiment, SF Southern Finland. See Table 1 for coding
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(2.3%, p<0.05) (Fig. 3a) and LSE12b (20%, p<0.01) (Fig. 3c) than in untreated
sectors. Combined application of straw mulch and mineral oil in LSE12b also resulted

a

b

c

Fig. 2 Incidence of Potato virus Y in the progeny tubers in the small-scale experiments (SSE) in a 2009, b
2010, and c 2011. Standard error of a difference between means (SED) is indicated with bars (a, SED=11.9;
b, SED=8.7; c, SED=8.2). Significant contrasts of treatments compared with control identified by Dunnett’s
test: a straw mulch (p<0.001; df=18); Sunoco 11 E/3 (p<0.05; df=18); b straw mulch (p<0.05; df=17);
Sunoco 11 E/3 (p<0.001; df=17); c straw mulch (p<0.001; df=9); Esfenvalerate (p<0.05; df=9). For the
numbers of tubers tested, see Table 1. PVY-% in seed potatoes: a 4.0, b 3.5, and c 4.7
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in lower incidence of PVY in the yield (22%, p<0.01) than in untreated controls
(Fig. 3c).

LSE12a was carried out in a field different from LSE12b, and little spread of PVY
was observed regardless of the considerable vector pressure (Table 3), as indicated by
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Fig. 3 Incidence of PVY in progeny tubers in the large-scale experiments (LSE). Standard error of a
difference between means (SED) is indicated with bars. a LSE11 (SED=1.5). b LSE12a (SED=0.15). c
LSE12b (SED=5.1). Significant contrasts of treatments compared with control identified by Dunnett’s test: a
straw mulch (p<0.05; df=6). c straw mulch (p<0.01; df=9; strawmulch + Sunoco 11 E/3 (p<0.01; df=9). For
the numbers of tubers tested, see Table 1. PVY-% in seed potatoes a 0.3, b 0.7, and c 3.5
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no actual difference in the incidence of infection in the tuber yield (0.6%) as
compared with the seed potatoes planted (0.7%) (Table 3). In the field sectors
of LSE12a covered with straw mulch, the incidence of PVY in the yield was
0.5% (Fig. 3b). It seems that the cultivar (Tanu) used in this experiment may
express field resistance against transmission of PVY, which needs to be studied
in more detail.

Yield was not affected by any treatment in the LSEs (Fig. 4).

Transmission of PVY in Southern Finland Testing three tubers per plant for PVY
showed that 76% of the plants growing next to a PVYNTN-infected plant got
infected with PVY during the growing season. The tubers of the remaining plants
were combined to one lot, and three samples of 50 tubers from the lot were
tested for PVY as described above. Incidence of infection in the tuber yield
harvested from the plants not growing next to the infector plants was 67%
(Online Resource 1). Hence, the incidence of PVY in the yield was slightly
higher in southern Finland (67%) than in the SSEs in the HG area (38–52%),
although the incidence of PVY in seed potatoes planted was similar (4.5 vs. 3.5–
4.7%, respectively). These results were consistent with a slightly higher vector
pressure in the field in southern Finland (25.5), as compared with the SSEs in
the HG area (12.6–20.1) (Table 3).

Predicted and Measured Incidence of PVY in LSE11 and LSE12 In LSE11, the
measured and predicted incidence of PVY was 4.4 and 2.0%, respectively (Fig. 5).
In LSE12a, the measured and predicted incidence of PVY was 0.6 and 3.5%, respec-
tively, and in LSE12b, it was 27 and 19%, respectively (Fig. 5).

Fig. 4 Mean tuber yields (n=4) per treatment in the large-scale experiments (LSE11, LSE12a, and LSE12b).
Standard error of a difference between means (SED) is indicated with bars. LSE11, SED=1.5; LSE12a,
SED=2.6; LSE12b, SED=1.4
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Discussion

The results of this study indicate that strawmulch can reduce PVY transmission consistently
over years, fields and potato cultivars, resulting in 50–70% lower incidence of PVY in the
yield as compared with untreated crops. It is likely that straw mulch decreases PVY
incidence by reducing landing of aphids on the plants, which in turn is caused by fading
contrast of plants against the background in lack of bare soil (Döring et al. 2004). Therefore,
straw mulch is effective in the growth period from emergence of the plants until closure of
canopy (Gibson and Rice 1989; Heimbach et al. 2002; Saucke and Döring 2004). The
success in controlling PVY with the use of straw mulch in this study is consistent with the
previous studies showing that transmission of PVY in the HG area of Finland occurs during
the first 2 or 3 weeks after emergence of potato plants (Kirchner et al. 2011).

Few or possibly no previous studies have compared straw mulch with other treat-
ments, such as application of mineral oil or insecticides, in the control PVY transmission
in potato crops. Our studies showed that spraying foliage of potato crops withmineral oil
reduced the incidence of PVY less reliably than the use of straw mulch. In the yield of
the mineral oil-treated crops, the incidence of PVY was reduced in 2009 and 2010, in
contrast to 2011. The vector pressure was similar in 2010 and 2011; however, one
mineral oil treatment was omitted in 2011, as compared with other years. Furthermore,
precipitation in 2011 was higher than in the previous years, which may have caused a
higher loss of oil and reduced protection (Boiteau and Wood 1982). These factors may
explain the differences in protection from PVY provided by mineral oil treatments in
different years. There are previous studies showing that treatment of potato foliage with
mineral oil alone (Bradley et al. 1966; Boiteau and Singh 1982b; Tiilikkala 1987;
Wróbel 2012) or with insecticides (Gibson and Rice 1986; Bell 1989; Boiteau et al.
2009) reduces the incidence of PVY; however, whether insecticides contribute to control
of PVY when applied in combination with mineral oil is doubtful, as indicated by our
study and previous studies (Tiilikkala 1987; Radcliffe and Ragsdale 2002; Hansen and
Nielsen 2012). As in our study, application of mineral oil is not always effective in
control of PVY (Shands 1977; Hansen and Nielsen 2012) and may cause foliar
symptoms and yield reduction in sensitive potato cultivars (Kurppa and Hassi 1989).

Fig. 5 Predicted and measured incidence of PVY in the large-scale experiments (LSE11, LSE12a, and
LSE12b). m, measured incidence of PVY; p, predicted incidence of PVY
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In Finland, spraying with insecticides such as deltametrin has not protected potato
crops against PVY in previous studies (Tiilikkala 1987), consistent with our study
which tested other insecticides. Negative results from application of insecticides against
transmission of PVY in potato crops are reported frequently (Döring et al. 2007), but
some control may be achieved by reducing aphid populations in crops that are
colonized by aphids (Sigvald 1987; Radcliffe and Ragsdale 2002). Few if any aphids
are known to colonize potato plants in Finland (Kurppa and Rajala 1986; Tiilikkala
1987; Kirchner et al. 2011). Application of insecticides also imposes risks, such as
development of insecticide-resistant pest populations (Devonshire 1989; Rongai et al.
1998; Robert et al. 2000), environmental hazards (Pretty et al. 2000), negative impacts
on beneficial organisms (von der Ohe et al. 2004), and risks to human health including
the farmers and consumers. Hence, there are many reasons not to use insecticides for
the control of PVY in potato crops. Birch extracts have been used successfully for
repelling snails (Lindqvist et al. 2010), but in our study, it was not efficient against
aphids transmitting PVY.

Additional benefits from straw mulch, besides reduction of the spread of
PVY, were the consistently observed tendencies towards increased yield and
reduced incidence of common scab, both of which may be associated with
better maintenance of soil moisture (Greb 1966; Unger 1978; Bhatt and Khera
2006). Straw mulch can help to decrease soil erosion (Döring et al. 2005; Bhatt
and Khera 2006), which is important in the HG area of Finland characterized
by large open fields, light soil, and strong winds often prevailing after potato
planting. Straw mulch increases soil organic matter and improves soil structure,
which alleviates undesirable post-harvest N-leaching by immobilization of ni-
trate–N after harvest (Reeves 1997; Thomsen and Christensen 2004; Döring
et al. 2005).

Taken together, the results of this study obtained in small-scale experiments
following the standard experimental design of field trials, as well as the
experiments carried out at a farm scale in seed potato growers’ crops, indicated
that application of straw mulch consistently reduces transmission of PVY in the
potato crops grown in the HG area of Finland. A bale chopper provided a
handy solution for spreading straw mulch. The mulch did not interfere with
mechanized harvesting of potato crops. Small differences in PVY incidence can
be decisive in terms of the seed class to which the yield can be certified, which
in turn has a great impact on the price and the economical outcome. Results
suggest that in high-value seed potato production, in which incidence of PVY is
low, straw mulch is a reliable, practical, and affordable control measure against
the spread of PVY, at least in growing areas where vector pressure is relatively
low. Furthermore, also under higher vector pressure, straw mulch is expected to
reduce infection pressure, which may help to produce high-quality seed from
potato cultivars expressing modest levels of field resistance to PVY.

Acknowledgments We thank Elina Solarmo, Tapio Uotila, Esko Leiviskä, Tiina Väyrynen, Kaija Porkka,
Anne-Maria Möttönen, Marika Oikarinen, and Esa Saarijärvi for skillful technical assistance and Samuli
Junttila, Markku Kantola, Suomen siemenperunakeskus Oy, and Pohjoisen Kantaperuna Oy for collaboration.
Financial support from the Ministry of Agriculture and Forestry, Finland (grants 618/502/2008, 2383/312/
2009) is gratefully acknowledged.

72 Potato Research (2014) 57:59–75



References

Ameline A, Couty A, Martoub M, Giordanengo P (2009) Effects of mineral oil application on the orientation
and feeding behaviour ofMacrosiphum euphorbiae (Homoptera: Aphidae). Acta Entomol Sin 52:617–623

Ameline A, Couty A, Martoub M, Sourice S, Giordanengo P (2010) Modification of Macrosiphum
euphorbiae colonisation behaviour and reproduction on potato plants treated by mineral oil. Entomol
Exp Appl 135:77–84

Bell AC (1983) The life-history of the leaf-curling plum aphid Brachycaudus helichrysi in Northern Ireland
and its ability to transmit potato virus YC(AB). Ann Appl Biol 102:1–6

Bell AC (1989) Use of oil and pyrethroid sprays to inhibit the spread of potato virus Yn in the field. Crop Prot
8:37–39

Bhatt R, Khera KL (2006) Effect of tillage and mode of straw mulch application on soil erosion in the
submontaneous tract of Punjab, India. Soil Tillage Res 88:107–115

Boiteau G, Singh RP (1982a) Evaluation of mineral oil sprays for reduction of virus Y spread in potatoes. Am
Potato J 59:253–262

Boiteau G, Singh RP (1982b) Technology of oil sprays on potatoes. Can Agric 27:24–27
Boiteau G, Wood FA (1982) Persistence of mineral oil spray deposits on potato leaves. Am Potato J 59:55–63
Boiteau G, Singh M, Lavoie J (2009) Crop border and mineral oil sprays used in combination as physical

control methods of the aphid-transmitted potato virus Y in potato. Pest Manag Sci 65:255–259
Bolotova YV, Karasev AV, McIntosh CS (2009) Statistical analysis of the laboratory methods used to detect

Potato virus Y. Am J Potato Res 86:265–271
Bradley RHE,Wade CV, Wood FA (1962) Aphid transmission of potato virus Y inhibited by oils. Virology 18:

327–329
Bradley RHE, Moore CA, Pond DD (1966) Spread of potato virus Y curtailed by oil. Nature 209:1370–1371
Broadbent L (1957) Insecticidal control of the spread of plant viruses. Annu Rev Entomol 2:339–354
Broadbent L, Tinsley TW (1951) Experiments on the colonization of potato plants by apterous and by alatae

aphids in relation to the spread of virus diseases. Ann Appl Biol 38:411–424
Crawley MJ (2007) The R book. John Wiley & Sons, West Sussex
Davidson RD, Houser AJ, Sather K, Haslar R (2013) Controlling PVY in seed: what works and what does not.

Am J Potato Res 90:28–32
De Bokx JA, Huttinga H (1981) Potato virus Y. CMI/AAB descriptions of plant viruses no. 242. Kew, Surray
De Bokx JA, Van der Want JPH (1987) Viruses of potatoes and seed-potato production. PUDOC,Wageningen
Development Core Team R (2011) R: a language and environment for statistical computing. R Foundation for

Statistical Computing, Vienna
Devonshire AL (1989) Insecticide resistance inMyzus persicae: from field to gene and back again. Pestic Sci

26:375–382
Döring TF, Kirchner SM, Kühne S, Saucke H (2004) Response of alate aphids to green targets on coloured

backgrounds. Entomol Exp Appl 113:53–61
Döring TF, Brandt M, Heß J, Finckh M, Saucke H (2005) Effects of straw mulch on yield, weed development,

nitrate dynamics and soil erosion in organically grown potatoes. Field Crop Res 94:238–249
Döring TF, Schrader J, Schüler C (2007) Representation of Potato virus Y control strategies in current and past

extension literature. Potato Res 49:225–239
Edwards AR (1963) A non-colonizing aphid vector of potato virus diseases. Nature 200:1233–1234
EPPO (European and Mediterranean Plant Protection Organization) (1999) Certification schemes: seed

potatoes. EPPO Bull 29:253–267
EPPO (European and Mediterranean Plant Protection Organization) (2008) Aphid vectors of non-persistent

viruses on seed potatoes. EPPO Bull 38:330–334
Gibson RW, Rice AD (1986) The combined use of mineral oils and pyrethroids to control plant-viruses

transmitted nonpersistently and semi-persistently by Myzus persicae. Ann Appl Biol 109:465–472
Gibson RW, Rice AD (1989) Modifying aphid behaviour. In: Minks AK, Harrewijn P (eds) Aphids—their

biology, natural enemies and control. Elsevier, Amsterdam, pp 209–224
Greb BW (1966) Effect of surface-applied wheat straw on soil water losses by solar distillation. Soil Sci Soc

Am J 30:786–788
Grubbs FE (1969) Procedures for detecting outlying observations in samples. Technometrics 11:1–21
Hack H, Gall H, Klemke Th, Klose R, Meier U, Stauss R, Witzen-Berger A (1993) Phänologische

Entwicklungsstadien der Kartoffel (Solanum tube-rosum L.). Codierung und Beschreibung nach der
erweiterten BBCH-Skala mit Abbildungen. Nachrichtenbl Deut Pflanzenschutzd 45:11–19

Potato Research (2014) 57:59–75 73



Hansen LM, Nielsen SL (2012) Efficacy of mineral oil combined with insecticides for the control of aphid
virus vectors to reduce potato virus Y infections in seed potatoes (Solanum tuberosum). Acta Agric Scand
B 62:132–137

Harrington R, Govier DA, Gibson RW (1986) Assessing the risk from potato virus Y in seed saved from potato
crops grown in England. Asp Appl Biol 13:319–323

Heimbach U, Eggers C, Thieme T (2000) Wirkung von Strohmulch auf Blattläuse und Virusbefall in Raps und
Kartoffeln. Mitt Biol Bundesanst Land Forstwissenschaften 376:198

Heimbach U, Eggers C, Thieme T (2001) Optische Beeinflussung von Blattläusen durch Strohmulch. Mitt
Dtsch Ges Allg Angew Entomol 13:289–292

Heimbach U, Eggers C, Thieme T (2002) Weniger Blattläuse durch Mulchen. Gesunde Pflanz 54:119–125
Jones RAC (1994) Effect of mulching with cereal straw and row spacing on spread of bean mosaic poty virus

into narrow leafed lupins (Lupinus angustifolius). Ann Appl Biol 124:45–58
Kendall DA, Chinn NE, Smith BD, Tidboald C, Winstone L, Western NM (1991) Effects of straw disposal

and tillage on spread of barley yellow dwarf virus in winter barley. Ann Appl Biol 119:359–364
Kirchner SM, Döring TF, Hiltunen LH, Virtanen E, Valkonen JPT (2011) Information theory-based model

selection for determining the main vector and period of transmission of Potato virus Y. Ann Appl Biol
159:414–427

Kirchner SM, Hiltunen L, Döring TF, Virtanen E, Palohuhta JP et al (2013) Seasonal phenology and species
composition of the aphid fauna in a northern crop production area. PLoS ONE 8:e71030. doi:10.1371/
journal.pone.0071030

Kurppa A, Hassi A (1989) Reaction of four table potato cultivars to primary and secondary infection by potato
viruses Y (race o and race n). Ann Agric Fenn 28:297–307

Kurppa S, Rajala P (1986) Occurrence of winged aphids on potato plants and pressure for potato virus Y
transmission in Finland. Ann Agric Fenn 25:199–214

Lindqvist I, Lindqvist B, Tiilikkala K, Hagner M, Penttinen OP, Pasanen T, Setala H (2010) Birch tar oil is an
effective mollusc repellent: field and laboratory experiments using Arianta arbustorum (Gastropoda:
Helicidae) and Arion lusitanicus (Gastropoda: Arionidae). Agric Food Sci 19:1–12

Liu SC, Chiang KS, Lin CH, Chung WC, Lin SH, Yang TC (2011) Cost analysis in choosing group size when
group testing for Potato virus Y in the presence of classification errors. Ann Appl Biol 159:491–502

Martín B, Collar J, Tjallingii W, Fereres A (1997) Intracellular ingestion and salivation by aphids may cause
the acquisition and inoculation of non-persistently transmitted plant viruses. J Gen Virol 78:2701–2705

Perring TM, Gruenhagen NM, Farrar CA (1999) Management of plant viral diseases through chemical control
of insect vectors. Annu Rev Entomol 44:457–481

Powell G (1991) Cell membrane punctures during epidermal penetrations by aphids: consequences for the
transmission of two potyviruses. Ann Appl Biol 119:313–321

Powell G (1992) The effect of mineral oil on stylet activities and potato virus Y transmission by aphids.
Entomol Exp Appl 63:237–242

Pretty JN, Brett C, Gee D, Hine RE, Mason CF, Morison JIL et al (2000) An assessment of the external costs
of UK agriculture. Agric Syst 65:113–136

Radcliffe E, Ragsdale D (2002) Aphid-transmitted potato viruses: the importance of understanding vector
biology. Am Potato J 79:353–386

Ragsdale DW, Radcliffe EB, DiFonzo CD (2001) Epidemiology and field control of PVY and PLRV. In:
Loebenstein G, Berger PH, Brunt AA, Lawson RH (eds) Virus and virus-like diseases of potatoes and
production of seed-potatoes. Kluwer Academic Publishers, Dordrecht, pp 237–270

Reeves DW (1997) The role of soil organic matter in maintaining soil quality in continuous cropping systems.
Soil Tillage Res 43:131–167

Robert Y, Woodford JAT, Ducray-Bourdin DG (2000) Some epidemiological approaches to the control of
aphid-borne virus diseases in seed potato crops in northern Europe. Virus Res 71:33–47

Rongai D, Cerato C, Martelli R, Ghendini R (1998) Aspects of insecticide resistance and reproductive biology
of Aphis gossypii Glover on seed potatoes. Potato Res 41:29–37

Rydén K, Brishammar S, Sigvald R (1983) The infection pressure of potato virus Yo and the occurrence of
winged aphids in potato fields in Sweden. Potato Res 26:229–235

Saucke H, Döring TF (2004) Potato virus Y reduction by strawmulch in organic potatoes. Ann Appl Biol 144:
347–355

Saucke H, Juergens M, Döring TF, Lesemann DE, Fittje S, Vetten HJ (2009) Effect of sowing date and straw
mulch on virus incidence and aphid infestation in organically grown faba beans (Vicia faba). Ann Appl
Biol 154:239–250

ShandsW (1977) Control of aphid-borne potato virus Y in potatoes with oil emulsions. Am Potato J 54:179–187

74 Potato Research (2014) 57:59–75

http://dx.doi.org/10.1371/journal.pone.0071030
http://dx.doi.org/10.1371/journal.pone.0071030


Sigvald R (1987) Aphid migration and the importance of some aphid species as vectors of potato virus Yo
(PVYo) in Sweden. Potato Res 30:267–283

Slack SA, German TL (1998) Impact of transgenic viral resistance on seed potato certification. Am J Potato
Res 75:265–268

Summers CG, Mitchell JP, Stapleton JJ (2004) Management of aphid-borne viruses and Bemisia argentifolii
(Homoptera: Aleurodidae) in zucchini squash by using UV reflective plastic and wheat straw mulches.
Environ Entomol 33:1447–1457

Summers CG, Mitchell JP, Stapleton JJ (2005) Mulches reduce aphid-borne viruses and whiteflies in
cantaloupe. Calif Agric 59:90–94

Thomsen IK, Christensen BT (2004) Yields of wheat and soil carbon and nitrogen contents following long-
term incorporation of barley straw and ryegrass catch crops. Soil Use Manag 20:432–438

Tian YP, Valkonen JPT (2013) Genetic determinants of Potato virus Y required to overcome or trigger
hypersensitive resistance to PVY strain group O controlled by the gene Ny in potato. Mol Plant Microbe
Interact 26:297–305

Tian Y, Kirchner SM, Valkonen JPT (2010) The current PVY population affecting potatoes in Finland. The
14th Triennial Meeting of Virology Section of the European Association for Potato Research, Hamar,
Norway. Abstract no. 60

Tiilikkala K (1987) Perunan Y-viroosin torjunta mineraaliöljyllä (Control of potato virus Yusing mineral oil).
MSc thesis, University of Helsinki (In Finnish)

Unger PW (1978) Straw-mulch rate effect on soil water storage and sorghum yield. Soil Sci Soc Am J 42:486–
491

Valkonen JPT (2007) Viruses: economical losses and biotechnological potential. In: Vreugdenhil D (ed) Potato
Biology and Biotechnology. Elsevier, New York, pp 619–641

Van Hoof HA (1980) Aphid vectors of potato virus Y. Neth J Plant Pathol 86:159–162
Verbeek M, Piron PGM, Dullemans AM, Cuperus C, Van der Vlugt RAA (2010) Determination of aphid

transmission efficiencies for N, NTN and Wilga strains of Potato virus Y. Ann Appl Biol 156:39–49
Von der Ohe W, Wehling M, Von der Ohe K, Eich G, Lau WI (2004) Bienen-Vergiftungsschäden in

Konsumkartoffel Beständen. LAVES-Institut für Bienenkunde Celle. http://www.laves.niedersachsen.
de/download/41031/Jahresbericht_2003.pdf. Accessed 10 January 2013

Wilson CR, Jones RAC (1990) Virus content of seed potato stocks produced in a unique seed potato
production scheme. Ann Appl Biol 116:103–109

Wróbel S (2012) Comparison of mineral oil and rapeseed oil used for the protection of seed potatoes against
PVY and PVM infections. Potato Res 55:83–96

Zimnoch-Guzowska E, Yin Z, Chrzanowska M, Flis B (2013) Sources and effectiveness of potato PVY
resistance in IHAR’s breeding research. Am J Potato Res 90:21–27

Potato Research (2014) 57:59–75 75

http://www.laves.niedersachsen.de/download/41031/Jahresbericht_2003.pdf
http://www.laves.niedersachsen.de/download/41031/Jahresbericht_2003.pdf

	Comparison...
	Abstract
	Introduction
	Material and Methods
	Results
	Discussion
	References


