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Abstract

The European commission directive EC 128/2009 calls for monitoring pests and pathogens of major crops. The monitoring
data may be analysed for trends over time, including tests for a potential loss of biodiversity in the domain of plant pests
and pathogens. The monitoring programs carried out in Luxembourg since 2007 provided evidence for an increasing role
of yellow rust and a decreasing role of brown rust on winter wheat. Vast inter-annual variability was observed at the level
of Fusarium head blight and mildew symptoms on winter wheat as well as at the level of Ceutorhynchus counts in oilseed
rape, but no trend towards extinction could be demonstrated. Septoria leaf blotch was present in winter wheat at high levels
towards the end of all seasons. The maximum number of Brassicogethes aeneus individuals found per main stem and season
on oilseed rape increased slightly but significantly between 2007 and 2017. Substantial evidence for highly dynamic changes

in the pest populations was found, but no evidence for the vanishing of the monitored species could be demonstrated.
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Introduction

A claim of a loss of flying insect mass of 76% over a period
of 27 years observed in protected areas in Germany (Hall-
mann et al. 2017) has triggered a debate about a potentially
drastic loss of biodiversity. Many ecosystem services with
benefits for agriculture are provided and regulated by insects
such as pollination, pest control or soil structure (Noriega
et al. 2018). Recently, a worldwide decline of the entomo-
fauna was claimed (Sanchez-Bayo and Wyckhuys 2019), but
partly questioned by Simmons et al. (2019) due to meth-
odological and geographical limitations. In grasslands and
forests, an arthropod decline was reported (Seibold et al.
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2019). Data from cropland may enhance our understanding
on the role of agriculture in this context.

In the case of organisms being harmful for crops, the
legislation of the European Union (EC 128 2009, Annex
I1II, point 2) calls for monitoring programmes for warning
farmers before pests and diseases reach disastrous levels.
Since the primary purpose of the pest and disease monitor-
ing programs is the protection of crops, they are usually car-
ried out in fields where local major crops are grown. In many
European countries including Luxembourg (El Jarroudi et al.
2015a), wheat is the most common cereal covering 33% of
the European agricultural surface (Kristoffersen et al. 2020).
Oilseed rape is the most important dicotyledonous crop in
the region of data acquisition (MAVCP 2016), covering
about 3.7% of the farmland in the EU in 2016 (eurostat
2020). Both crops are important elements in the integrated
local crop rotations.

Pests and diseases being responsible for either signifi-
cant yield losses or causing quality losses that exclude prod-
ucts from high-priced market segments are usually in the
focus of the monitoring programmes. Fungal pathogens
that inflict significant yield loss in winter wheat and which
were described to cause the main fungal diseases in Lux-
embourg (El Jarroudi et al. 2012) include Zymoseptoria
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tritici (Brennan et al. 2019) with losses ranging from 10
to 30% (Jgrgensen et al. 2014), Puccinia triticina (El Jar-
roudi et al. 2014a, b; Junk et al. 2016), Puccinia striiformis
f. sp. tritici (El Jarroudi et al. 2017a) and Erysiphe graminis
(Singh et al. 2016). Fusarium head blight (FHB) is associ-
ated with the deposition of mycotoxins in the grain. Batches
containing, for instance, more than 1.25 mg of the Fusarium
toxin deoxynivalenol per kg grain are excluded from human
consumption in the EU, greatly diminishing the value of
the crop (Capriotti et al. 2010; Pleadin et al. 2013). Among
insect pests, Ceutorhynchus species damage the stems of
oilseed rape plants. The two species C. napi and C. pallidac-
tylus can be observed on a routine basis in Luxembourg. The
pollen beetle Brassicogethes aeneus mines oilseed rape buds
to feed on the pollen they contain, thus causing the abortion
of the buds before they can produce pods.

Despite some implementation hurdles of integrated pest
management that were outlined in detail by Matyjaszczyk
(2019), EU member states have established monitoring pro-
grams. The resulting time series on pest and pathogen occur-
rences from agricultural areas may be analysed for trends
over time, including tests for a loss of biodiversity within
the range of monitored species. Sometimes, pesticide appli-
cation trials were integrated into the monitoring programs.
In the latter case, the effect of pesticides can be established
as well.

It was the purpose of the present study to (1) test if evi-
dence for a loss of species can be obtained from a 12-year
monitoring of major plant pests and diseases using the Lux-
embourgish monitoring as a case study and (2) shed more
light on the role of pesticides in that context.

Materials and methods
Plant health assessment

Symptoms of fungal plant diseases were monitored in Lux-
embourg between April and June over the period 2007-2018
at the same 4 locations as previously described by Aslanov
et al. (2019). At Burmerange (6.28 El49.52 N), Everlange
(5.95 EI49.78 N) and Reuler (6.04 EI50.06 N), observa-
tions were made throughout the entire duration of the study,
while the fourth location slightly changed in 2014 from
Christnach (6.27 El49.79 N, observations available from
2007 to 2013) to Bettendorf (6.19 El49.87 N, observations
available from 2014 to 2018). In winter wheat, symptoms
caused by Zymoseptoria tritici, Puccinia striiformis f. sp.
tritici, Puccinia triticina and Erysiphe graminis on leaves
were monitored by visual assessment. Winter wheat culti-
var susceptibilities towards the diseases as published by the
German Federal Office for Plant Varieties (BSA 2018) did
not change significantly within the period of observation
(Table 1). Winter wheat cultivars, years, locations, sowing
dates and previous crops of the fields, where fungal plant
diseases were monitored, can be found in supplementary
Table 1. Assessors were trained using the online tools pro-
vided by the Julius Kiihn-Institut (http://prozentualer-befal
l.julius-kuehn.de/schadbilder.php) until a reproducibility
of +5% was obtained. Assessments were done between the
plant growth stages BBCH 30 and BBCH 69 on 10 main
shoots per plot. The minimum number of plots per loca-
tion and treatment was three; the maximum number of plots
was four. Observations were done in randomized fungicide
untreated control plots and fungicide-treated plots at each

Table 1 Susceptibility ranks

; Year Winter wheat cultivar susceptibility rank (mean + standard deviation)

(BSA 2018, rank 1 =resistant,

rank 9 =susceptible) of Septoria Yellow rust Brown rust Mildew FHB

the winter wheat cultivars

monitored between the years 2007 4.75+0.83 6.00+2.74 475+ 1.64 475+2.17 4.00+0.00

2007 and 2018 at 4 locations in 2008 4.50+0.87 4.00+2.83 525+1.92 2.75+0.83 4.25+0.43

Luxembourg 2009 475+0.83 3.00+1.41 6.33+0.47 333+1.25 4.50+0.50
2010 4.75+0.83 3.75+1.79 6.50+0.50 4.00+1.00 4.00+0.00
2011 5.75+0.43 4.75+2.68 6.00+0.82 5.33+2.05 4.00+0.00
2012 5.75+0.43 4.75+2.68 6.00+0.82 5.33+2.05 4.00+0.00
2013 5.33+0.47 4.67+2.05 6.00+0.82 4.33+0.94 4.00+0.00
2014 5.25+1.09 5.50+2.29 5.33+0.47 4.33+0.94 5.00+1.00
2015 5.25+1.09 5.50+2.29 5.00+0.71 4.25+0.83 5.00+0.82
2016 4.67+0.47 4.67+2.05 5.00+0.82 4.67+0.47 4.50+0.50
2017 5.00+0.00 6.50+0.87 525+043 5.00+0.00 4.00+0.00
2018 4.40+0.49 4.40+2.24 4.20+0.75 4.20+0.75 4.40+0.49
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Differences over time were non-significant at P=0.497, P=0.921, P=0.231, P=0.838, P=0.491 for Sep-
toria leaf blotch, yellow rust, brown rust, mildew and Fusarium head blight (FHB), respectively (ANOVA).
Winter wheat cultivar names are given in supplementary Table 1
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location. A fungicide spray including a triazole and chloro-
thalonil as active ingredients was applied according to the
timing recommended by the model “Proculture” (El Jarroudi
et al. 2009). Triazoles were applied at the full rate permit-
ted in the registration, while chlorothalonil was applied
at 66% of the maximum rate allowed. The plot size was
7.5% 1.5 m. Winter wheat was sown in October, and previ-
ous crops were mostly oilseed rape or maize (supplementary
Table 1). Tillage was done according to the local farmer’s
judgement including minimum tillage without ploughing on
some fields and ploughing on other fields. Total nitrogen
fertilization ranged from 165 to 228 kg N per ha and was
split into two or three application times. The climate in the
area monitored has a tendency towards cold and damp and is
temperate. The monthly average temperatures and monthly
precipitation sums for each year and region are available
in supplementary Table 2. Beyond leaf diseases, Fusarium
head blight symptoms were monitored annually (except for
2013) in at least 16 commercial wheat fields as previously
described by Beyer et al. (2014). In case of Fusarium head
blight, fields were treated with fungicides by the farmers
according to the local recommendations. In total, 120 wheat
heads were sampled for head blight assessments per field.

Insect counts

The number of Ceutorhynchus napi and C. pallidactylus
individuals that were found within 3 days in yellow water
traps installed at the corners of commercial winter oilseed
rape fields was counted between the plant growth stages
BBCH 31 and BBCH 61 each year between 2007 and 2017.
Furthermore, the number of Brassicogethes aeneus individu-
als per main shoot was counted within the same period indi-
cated above. The methods of sampling and counting were
described in detail by Eickermann et al. (2015). Briefly,
yellow traps (Baumann Saatzucht, Waldenburg, Germany)
were installed at a distance of approximately 15 m from the
field margin. Traps were filled with tap water. A droplet of
the surfactant ‘Ultra’ (Cora Belgium S.A./N.V., Belgium)
was added for breaking the surface tension of the water.
The trap height was adjusted to the top of the canopy every
week. Three small holes (3 mm in diameter) were drilled
into the middle of the side panels to avoid a loss of sam-
pled insects by overflowing rainwater. No insecticides were
applied at the margins of the fields, where the traps were
located, while insecticides were applied in the remainders
of the fields with respect to the principles of integrated pest
management. Briefly, C. napi and C. pallidactylus were
controlled by using insecticides from the pyrethroid group,
mainly deltamethrin as well as lambda-cyhalothrine. A spray
was applied when the control threshold (10 individuals of
one species within 3 days per trap) was reached. Since B.
aeneus showed increasing levels of resistance to the type

IT pyrethroids (Eickermann et al. 2011), a resistance man-
agement was required in Luxembourg since 2007. Between
2007 to 2010, the type I pyrethroid bifenthrin was used for
the first application in April, sometimes followed by a neo-
nicotinoid (thiacloprid) application 10 days later in case
the control threshold was reached again. Starting in 2012,
pymetrozine was used for the first application in April, fol-
lowed—if necessary—by a second application of a neonico-
tinoid. The active ingredient indoxacarb from the group of
the oxadiazines was rarely used to control the pollen beetle
in Luxembourg. Compared with other regions, the number
of insecticide applications in oilseed rape was moderate in
Luxembourg (Richardson 2008; Heimbach 2017). Previous
crops were mostly winter cereals, and the preferred tillage
method was the use of a cultivator and a plough. Locations,
cultivars, previous crops, tillage, sowing dates and seed rates
are given in supplementary Table 3 for each year of the pest
monitoring in oilseed rape. The methods used targeted the
sampling of adult insects. Individuals were transferred to
ethanol (70%, v/v) and identified under a binocular.

Indicator for presence and absence of a species

The worst-case scenario in terms of biodiversity is the
extinction of species. In this situation, the maximum num-
ber of individuals that can be found is zero. Concerning
the disease assessments, the percentage of plants showing
symptoms on the three upper leaves was determined for
each location and each observation date and we used the
maximum percentage of symptomatic plants per season as
endpoint. Similarly, for insect counts, the endpoint was the
maximum number of insects observed per season. Due to
pest and disease spread, the percentage of symptomatic or
infested plants usually increased within each season, such
that the maximum level was mostly observed towards the
end of the cropping period (Fig. 1). All statistical analysis
were performed using the software package SPSS (version
19, IBM Corporation, Armonk, New York, USA). Trends in
the annual maximum level of pests or diseases observed over
time covering the period since 2007 were tested by using
linear regression. Significance of trends was assumed, if the
slope parameter of the regression line differed from zero at
P <0.05. Cultivar susceptibilities among years were com-
pared using one-way analyses of variance for each disease.

Results
Winter wheat pathogens
Septoria leaf blotch caused by Z. tritici was observed in all

years in Luxembourg at final levels close to 100% of infected
plants (Fig. 2a, black circles). A fungicide application
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Fig.1 Time course of the percentage of symptomatic plants (yellow
rust) on winter wheat at allocation Bettendorf in cultivar Kerubino in
2016. Plot symbols represent means of four fungicide untreated plots
with 10 monitored plants in each plot. If the highest level observed
should be=0, the species concerned must be considered as absent.
The highest level observed (usually towards the end of a cropping
season, marked red) of each organism was therefore used as indicator
for a potential absence of a species

delayed epidemics but had very little effect on the maximum
percentage of symptomatic plants that was observed towards
the end of a growing period (Fig. 2a, white circles). Trends
over years were non-significant at P=0.1245 and P=0.2063
for control and fungicide-treated plots, respectively.

Stripe rust caused by P. striiformis was increasingly
observed since 2012 (Fig. 2b). In the years 2012 and 2013,
when maximum percentage of stripe rust in fungicide free
plots was around 30 and 65%, a fungicide spray was able to
reduce the maximum level of symptomatic plants to almost
zero, but afterwards, the maximum stripe rust incidence was
hardly affected by the fungicide spray (Fig. 2b). The inci-
dence of stripe rust increased during the period of obser-
vation (Fig. 2b). The increase over time was significant at
P =0.0042 for control plots and non-significant at P=0.1011
for fungicide-treated plots.

Brown rust caused by P. triticina was observed at lev-
els close to 100% between 2007 and 2010 (Fig. 2¢). From
2012 to 2013, brown rust incidence dropped to about 50%
with huge inter-annual fluctuations (Fig. 2c). Except for the
year 2014, the fungicide application decreased brown rust
incidence (Fig. 2c). The incidence of brown rust decreased
during the period of observation. Maximum brown rust lev-
els decreased from 87.5% of symptomatic plants in sprayed
plots in 2009 to 28.5 +12.6% of symptomatic plants between
2013 and 2017. The decrease over time was non-significant
at P=0.0971 for control plots and slightly significant at
P =0.0491 for fungicide-treated plots.

Mildew caused by Erysiphe graminis was almost absent
in the year 2007 and increased to a level of more than 80%
symptomatic plants in 2009 (Fig. 2d). Until 2011, the per-
centage of symptomatic plants dropped to almost zero, just

@ Springer

Fig.2 Maximum annual percentage of symptomatic plants infected »
by a Zymoseptoria tritici, b Puccinia striiformis f. sp. tritici, ¢ Puc-
cinia triticina, d Erysiphe graminis and e Fusarium species that was
observed in Luxembourg between the years 2007 and 2018. When-
ever points are missing, the respective disease was not found and
not recorded quantitatively. Typical symptoms of the diseases are
depicted on the right-hand side of the graph

to increase to levels >70% in 2013. Between 2014 and 2016,
hardly any mildew was observed on winter wheat (Fig. 2d).
In 2017 and 2018, levels of about 80% of symptomatic
plants were reached (Fig. 2d). The largest difference of 25%
between control and fungicide-treated plots was observed in
the year 2013, when mildew epidemics were most severe.
(Fig. 2d). Linear trends over time were non-significant at
P=0.5549 and at P=0.9644 for control and fungicide-
treated plots, respectively.

Maximum annual Fusarium head blight symptoms were
about 70% in 2007 and decreased to almost zero until 2011,
then increased to about 60% until 2015 and then declined to
about 10% in 2017 to increase to about 60% in 2018, again
(Fig. 2d). Fusarium head blight symptoms were character-
ized by strong fluctuations with no clear trend over time
(Fig. 2d, P=0.4973).

Oilseed rape pests

The number of C. napi adults that was found per yellow trap
within 3 days oscillated within 1 and 26 between the years
2007 and 2017 with no consistent trend over time (Fig. 3a,
P =0.4253). The maximum number of C. pallidactylus indi-
viduals trapped within 3 days averaged 20 except for the
year 2012 when up to 256 adults were found after 3 days in
one yellow trap (Fig. 3b). There was no significant change
over time for C. pallidactylus (P=0.9230). The maximum
number of B. aeneus adults found per main shoot of rapeseed
plants was 5 and 4 in 2007 and 2008, respectively; then,
it decreased from 8 in 2009 to 3 in 2011 (Fig. 3c). Until
2015, it increased up to 11 and then decreased to 7 in 2016
and increased again to 9 in 2017 (Fig. 3c). On average, the
maximum number of B. aeneus adults found per main shoot
of rapeseed plants increased significantly between 2007 and
2017 (P=0.0467, Fig. 3c).

Discussion

Winter wheat pathogens

A strength of the pest and pathogen monitoring data being
produced in response to European commission directive EC

128 (2009) is that relatively long time series are available
by now, but a limitation is the fact that rare species that
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Fig.3 Maximum annual number of Ceutorhynchus napi a and C. pal-
lidactylus b individuals that were found per yellow trap within 3 days
between February and April between 2009 and 2017 at 5 locations in
Luxembourg. Maximum number of Brassicogethes aeneus individu-
als ¢ that were found on the main stem of rapeseed plants in spring

did not cause significant economic damage were usually not
included.

Septoria leaf blotch was present at high levels on winter
wheat towards the end of all seasons. The monitoring of
pathogens provided evidence for an increasing role of yel-
low rust in the winter wheat stands of Luxembourg over
the period 2007-2018. de Vallavieille-Pope et al. (2012)
studied yellow rust epidemics in France between 1984 and
2009 and observed large inter-annual variability that they
explained by the deployment of new resistant cultivars or
environmental factors (colder winters, warmer summers
or lack of precipitation). In another study, an increase in
the frequency and severity of yellow rusts epidemics was
observed in Southern and Western Europe between 2001
and 2010 (Morgounov et al. 2012). In our case, the increas-
ing severity of the epidemics depicted in Fig. 2b could well
be explained by the introduction of new yellow rust strains

@ Springer

between 2009 and 2017 in Luxembourg. Adults of the pest species
are depicted on the right-hand side of the graph. The monitored fields
were managed according to the integrated farming practices. For
details, please see supplementary Table 3

that were able to infect a wider spectrum of wheat cultivars
in Europe since 2013 (Hovmgller et al. 2016). During the
period 1969-2010 and particularly within the last decade,
increases both in the frequency and the severity of brown
rust epidemics have been observed in Southern and Western
Europe (Morgounov et al. 2012). In Luxembourg, the dis-
ease severity was maximum until 2010 and then a negligible
decrease has been observed in unsprayed plots. However, a
more significant decrease was found in sprayed plots where
the maximum brown rust levels decreased from 87.5% of
symptomatic plants in 2009 to 28.5 +12.6% of symptomatic
plants between 2013 and 2017. Large inter-annual variabil-
ity was observed in the level of FHB in winter wheat, but
no trend towards extinction could be demonstrated. Strong
fluctuations in the incidence of Fusarium head blight epi-
demics were previously reported to be related to rain during
winter wheat anthesis. In wet years, high incidences were
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observed, while in dry years, hardly any symptoms could
be found (Beyer et al. 2014). Since major Fusarium spe-
cies such as F. graminearum and F. culmorum are naturally
resistant to major fungicides (Dubos et al. 2011; Pasquali
et al. 2013), their occurrence may be stronger influenced
by environmental factors like weather than by fungicides.
Powdery mildew severity in winter wheat was highly vari-
able depending on the year in Luxembourg. According to
Morgounov et al. (2012), this foliar disease was one of the
most frequently reported diseases in Southern and Western
Europe from 1969 to 2010.

Fungicide application can delay leaf blotch epidemics,
but it can hardly prevent epidemics under Luxembourgish
conditions (Beyer et al. 2012). The period of efficacy of
commercial fungicides ranges from 16 to 22 days (Greiner
et al. 2019). Therefore, high disease incidence was found
also in fungicide-treated plots, even though the high values
were usually observed later than in untreated controls (Beyer
et al. 2012).

In integrated pest management (IPM), pesticide use is
triggered when the density of a pest exceeds the control
threshold (Beer 2005), implying that minor pest levels are
left uncontrolled. The more pests decline, the less pes-
ticide use is necessary. A decline of plant pests should
therefore be associated with a decrease in pesticide use.
Extinction of a monitored target species due to pesticides
is thus only possible if the principles of IPM are widely
ignored, or, if pesticide effects unfold after a significant
time lag. Given that the efficacy period of commercial fun-
gicides against Septoria leaf blotch hardly exceeds 22 days
(Greiner et al. 2019), the hypothesis of effects that may
lead to the extinction of a species after this period seems
questionable, at least in case of the causal agent of Sep-
toria leaf blotch and the tested commercial fungicides.
No evidence for the extinction of the plant pathogens that
were monitored in conventionally managed agricultural
fields could be demonstrated here.

Oilseed rape pests

Large inter-annual variability was observed at the level of
Ceutorhynchus counts on rapeseed, but no trend towards
extinction could be demonstrated. There was a slightly sig-
nificant increase for pollen beetle in Luxembourg between
2007 and 2017. Overall, substantial evidence for highly
dynamic changes in the pest populations was observed,
but no evidence for the vanishing of the monitored spe-
cies could be demonstrated. The reasons for the absence
of a clear decline of the monitored pests is currently
unknown, but it may be related to a rather small average
field size (1.8 ha per field in Luxembourg, Clermont et al.
(2015)) that was shown to be approximately as effective in

preserving biodiversity as wildlife-friendly farming prac-
tices in Canada (Martin et al. 2020).

A plea for publishing pest and disease monitoring
trend data

Finally, the authors of the present paper wish to encourage
colleagues who are involved in the monitoring of pests and
diseases to analyse their data for long-term trends and pub-
lish the results to enhance our picture of which organisms
decline or spread when and where, and, potentially, why.
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