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FACTORS AFFECTING TAN SPOT ON WINTER WHEAT
IN THE GRAND-DUCHY OF LUXEMBOURG

M. El Jarroudi', L. Kouadio'?, M. Beyer?, F. Giraud*, B. Tychon! and P. Delfosse>

SUMMARY

Tan spot of wheat caused by Drechslera tritici-repentis
was identified for the first time in the Grand-Duchy of
Luxembourg (GDL) in 1999 on the basis of morpho-
logical characters. In order to optimize disease control
measures in this country, tillage methods, cultivar resist-
ance, and fungicide effects were investigated during
19992009 in four sites. Over this period, only three
years (ie. 1999, 2000, and 2009) with epidemic out-
break were recorded. Field experiments showed a sig-
nificant difference in disease severity between sites (P <
01), cultivars (P < 0.0001) and years (P < 0.001). In
years with epidemic outbreaks, the interaction of culti-
vars with non-inversion tillage, intensive winter wheat
production, and favorable weather conditions caused an
early outbreak of the disease and a significant severity at
wth stage 83 (early dough). Non-inversion tillage
found to be a major factor increasing tan spot
severity compared with conventional tillage. Further-
more, the analysis revealed that disease severity was re-
lated to the cultivar’s susceptibility. For cultivars with
similar phenology, disease severity beetween the most
and the least susceptible cultivars differed by a factor of
two to four. The study also showed that no fungicide
{mix of triazoles and strobilurins) effect was observed in
the epidemic years, except in 2000.

Key words: Drechslera tritici-repentis, cultivar, tillage
methods, disease control.

INTRODUCTION

Winter wheat (Triticum: aestivum 1..) is an economical-
Iy important crop in the Grand-Duchy of Luxembourg
(GDL): 12,969 ha with an annual production of ca.
86,040 tons in 2009 (El Jarroudi ez al., 2011). Pyrenopho-
1a tritici-repentss (Ptr) (Died.) Drechs (anamorph, Drech-
slera tritici-repentis) (Died.) Shoem., causal agent of
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wheat tan spot (WTS), is an economically important
pathogen in many wheat-growing regions worldwide (Ali
and Francl, 2002; Ali ez al., 1999; Fernandez et al., 2002;
Perello6 and Dal Bello, 2011; Tadesse ez al, 2006:
Wakulinski ez al., 2003). The fungus can cause consider-
able yield losses to winter wheat when epidemiological
conditions are favorable (Fernandez ez al., 2002; Hos-
ford, 1982; Hosford et al., 1987; Rees and Platz, 1983;
Tadesse et al., 2006; Waltkins ez al., 1978). Numerous
studies showed that the yield losses can reach up to 50%
depending on cultivar susceptibility and climate
(Tadesse et al., 2006). In the GDL, Ptr was identified for
the first time in 1999 and was characterized through
lens-shaped necrotic lesions with a chlorotic halo on sus-
ceptible cultivars (El Jarroudi e al., 2004).

The increase in the severity of WTS has been associat-
ed with changes in the spectrum of the varieties grown,
the expansion of the area where low and no-tillage prac-
tices dominate, which allows the build-up of inoculum on
wheat stubble over time (Perell6 ef al., 2003). An inte-
grated control approach including the use of resistant
cultivars, fungicides and appropriate cultural practices is
currently recommended for WTS management (Perellé
and Dal Bello, 2011). However, the level of resistance in
commercial wheat cultivars is relatively low.

Various studies have demonstrated the efficacy of
fungicides in controlling foliar diseases of wheat and in-
creasing grain yield. In Kansas, over a period of 6 years,
applications of propiconazole significantly increased the
yield of winter wheat (Kelley, 2001). Other authors re-
ported that fungicides containing tebuconazole, tebu-
conazole plus prothioconazole, and pyraclostrobin were
very effective in reducing leaf spots in winter wheat in
North Dakota (Ransom and McMullen, 2008). Some
fungicides were reported to become less effective in
controlling WTS because of the development of resist-
ance in Ptr populations (Jergensen and Olsen, 2007).
Furthermore, in the last 10-15 years, fungicide chem-
istry evolved considerably and new fungicides became
available on the market.

The objectives of the present study were: (i) to evalu-
ate the occurrence, severity and the damage potential of
WTS in the GDL and (ii) to identify factors that affect
the severity of WTS in this country.




S1.8  Tan spot on winter wheat in Luxembourg

MATERIALS AND METHODS

Crop management. Four locations close to the Lux-
embourgish villages Burmerange [49°29'N, 6°19°E],
Christnach [49°47°N, 6°16’El, Everlange [49°46’N,
5°57’E], and Reuler [50°03 ‘N, 6°02’E] were selected to
carry out field experiments between 1999 and 2009 (Fig.
1). Crop management data for these experiments are giv-
en in Table 1. Experimental fields were typically sown
around mid-October, The sowing and harvest methods
and crop practices used reflected the usual wheat pro-
duction practices in the GDL. In each location and for
each cropping season, winter wheat cultivars were sown
in a randomized block design with four replicates. Sus-
ceptible (Bussard, Biscay, Drifter, Ritmo, Vivant), semi-
susceptible (Aron, Akteur, Batis, Boomer, Privileg,
Shamane, Dekan, Sponsor, Tommi), and weakly-suscepti-
ble cultivars (Achat, Cubus, Dream, Flair, Rosario,
Parador, Urban) (Anonymous, 2002, 2008) were used in
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these trials. Individual plots measured 8.0x1.5 m. I
growth stages (GS) were assessed according to a dec
scale (Zadoks ez al., 1974). All plots received 40-7
N/ha (ammonium nitrate) at GS 25, followed by 6
kg N/ha at GS 32, and a final application of 65-9:
N/ha at GS 59. Weeds were controlled by two herbi
applications [pre-emergence: IP flow, 1.0 I/ha (Isopro
on, Bayer Crop Science Germany); post-emerge
Javelin, 2.0 I/ha (Didlufenican + Isoproturon, Bayer C
Science, Germany]. Throughout the paper, reference
be made to the specific leaf positions on the wheat st
These leaves are numbered with reference to the upy
most flag leaf, or L1 (for Leaf 1), with the leaf immedi
ly below designated as 1.2, followed by L3, and so
(Shaner and Buechley, 1995).

The fungicide treatment was always a mix of strol
urin(s) and triazole(s). Over the 1999-2006 period, o
two fungicide treatments were tested at each site. ]
tween 2006 and 2009, three fungicide treatments w

Table 1. Agronomic data of the trials at the four experimental sites over the 1999-2009 period in the Grand-Duchy of Luxembourg

Site Year Cultivar Previous crop Tillage system Sowing date Nitrogen (N/h:

Burmerange 2000 Bussard, Dream, Flair, Ritmo Maize No tillage 16 Oct. 1999 200
2001 Bussard, Dream, Flair, Ritmo Maize Tillage 30 Oct 2000 n.a.*

2003 Dekan Ollseed rape Tillage 4 Oct 2002 185

2004 Cubus Ollseed rape No tillage 1 Oct 2003 185

2005 Cubus Oilseed rape No tillage 13 Oct 2004 185

2006 Cubus Oilseed rape No tillage 30 Sep. 2005 192

2007 Cubus Oilseed rape No tillage 11 Oct 2006 192

2008 Cubus Oilseed rape No tillage 06 Oct 2007 228

2009 Cubus Oilseed rape No tillage 06 Oct 2008 228

Christnach 2000 Bussard, Dream, Flair, Ritmo Maize No tillage 18 Oct 1999 200
2001 Bussard, Dream, Flair, Ritmo Maize Tillage 28 Oct 2000 n.a.

2003 Flair Oilseed rape Tillage 2 Oct 2002 200

2004 Flair Oilseed rape Tillage 13 Oct 2003 200

2005 Rosario Maize Tillage 27 Oct 2004 200

2006 Flair Maize Tillage 12 Oct 2005 200

2007 Tommi Maize Tillage 12 Oct 2006 200

2008 Flair Maize Tillage 23 Oct 2007 200

2009 Boomer Maize Tillage 23 Oct 2008 200

Everlange 1999 Batis, Flair, Ritmo, Sponsor, Vivant Oilseed rape No tillage 09 Oct1998 190
2000 Bussard, Dream, Flair, Ritmo Oilseed rape No tillage 15 Oct 1999 195

2001 Bussard, Dream, Flair, Ritmo Oilseed rape No tillage 18 Oct 2000 230

2002 Achat, Biscay, Drifter Pea Tillage 12 Oct 2001 175

2003 Achat Oilseed rape Tillage 4 Oct 2003 165

2004 Achat, Urban, Aron Oilseed rape Tillage 14 Oct 2003 195

2005 Achat (2x), Parador, Akteur wheat, oilseed rape Tillage 22 Oct 2004 190

2006 Akteur, Flair Fallow Tillage 10 Oct 2005 225

2007 Achat, Akteur Pea Tillage 10 Oct 2006 195

2008 Rosario Fallow Tillage 09 Oct 2007 195

2009 Achat, Privileg Oilseed rape No tillage 13 Oct 2008 195

Reuler 2003 Bussard Oilseed rape Tillage 5 Nov.2002 213
2004 Bussard Ollseed rape Tillage 16 Oct 2003 200

2005 Flair Ollseed rape Tillage 5 Oct 2004 200

2006 Dekan Maize Tillage 13 Oct 2005 200

2007 Akteur Maize Tillage 07 Oct 2006 200

2008 Schamane Oilseed rape Tillage 10 Oct 2007 200

2009 Schamane Oilseed rape Tillage 10 Oct 2008 200

“n.a.: not available.
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Fig. 1. Location of the experimental sites (filled circles) and
meteorological stations (triangles). CRP: Centre de Recherche
Publique-Gabriel Lippmann. ASTA: Administration des Ser-
vices Techniques de I’Agriculture.

tested at each site (Table 2). Patterns of fungicide treat-
ment were associated with wheat GS, and the products
used were commercially available (Table 2). The prod-
ucts Allegro, Opus team, Opera, Input pro set, Bravo,
Opus team, Stereo, and Swing gold contained the active
ingredients Epoxiconazole (125 g/I) and Kresoxim-
methyl (125g/1), Epoxiconazole (84 g/l) and Fenpropi-
morphe (250 g/1), Epoxiconazole (50 g/l)+Pyra-
clostrobin (133 g/l), Prothioconazole (250 g/l) and
Spiroxamine (500 g/1); Chlorothalonil (500 g/1); Epoxi-
conazole (84 g/1) and Fenpropimorph (250 g/1); Cypro-
dinil (250 g/1) and Propiconazole (62.5 g/1), and Epoxi-
conazole (50 g/l) and Dimoxystrobine (133 g/1), respec-
tively. Fungicide treatments were aimed at controlling
leaf and ear diseases (Table 2).

Crop growth monitoring. At the beginning of GS 30
up to GS 87, plant samples from the field were inspect-
ed for tan spot occurrence. The percentage of infected
leaf area was recorded using the standard area diagrams
for tan spot and other cereal diseases, which were avail-
able to evaluators, who assessed the percentage of infec-
tion in the field prior to making observations (James,
1971; Tomerlin and Howell, 1988).
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Laboratory analyses and characterization of the fun-
gus. To recover Ptr from field samples, infected leaves
were collected from both fungicide-treated and untreat-
ed plots at Everlange in 2000. Leaves were cut into 2-
cm long fragments from symptomatic tissues and 10 leaf
pieces per plot (40 leaves in total per treatment) were
plated in plastic 9 cm Petri dishes containing three lay-
ers of dampened Whatman no. 1 filter paper. To damp-
en filter papers, 3 ml of sterilized distilled water were
added to each plate. Leaves were incubated in an alter-
nating cycle of 24 h light at 22°C and 24 h in dark at
16°C for 96 h to induce conidiophore and conidia for-
mation. Incubated leaf pieces were examined under a
stereoscope, and conidia were picked individually with
a flamed steel needle that had been cooled in a plate
containing V8PDA (150 ml of V8 juice, 10 g of Difco
potato dextrose agar, 3 g of CaCOj, 10 g of Bacto agar,
and 850 ml of distilled water) (Lamari and Bernier,
1989). This procedure produces a sticky needle tip for
picking of a single conidium which was then transferred
onto an individual VEPDA plate for 7 days.

The mycelium produced by fungal isolates (coming
from fungicide treated and untreated leaves) recovered
from the sampled leaves was flattened with the bottom
of a test tube to induce the formation of conidiophores
(continuous light for 24 h) and conidia (18-24 h dark at
16°C). Conidia were photographed with a Hamamatsu
digital charge-coupled-device camera (Hamamatsu,
Japan) and a Zeiss Axioskop II microscope.

Statistical analyses. Statistical analyses were carried
out using the SAS System (version 9.01, SAS Institute,
USA). Comparison of tan spot between different areas,
years, cultivars and tillage system was carried out in lin-
ear mixed model using the percentage of infected leaf
area of L3, L2 and L1 as dependant variables, and the
field site, cultivars and treatment as independent vari-
ables. Post-hoc tests (Tukey’s test) were carried out fol-
lowing the Fisher-F test. P-values below 0.05 (2-sided)
were considered as significant.

RESULTS

The mean comparison by linear mixed models
showed that the cultivars, sites, year, treatment and the
interaction between cultivars x sites x year x treatment
were highly significant (P < 0.001) (Table 3)

1998-1999 cropping season. Severe damage caused by
WTS occurred in the 1998-1999 cropping season, but
no symptoms were seen before late April/early May.
There were significant differences (P < 0.01) in the level
of disease severity among cultivars assessed at GS 85
(Fig. 2). Commonly grown cultivars, e.g. Ritmo, Batis
and Vivant, revealed a high degree of susceptibility to
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Fig. 2. Variation of the tan spot severity on the upper leaves at GS 85 (July 14, 1999) at Everlange according to the fungicide treat-
ment. 1.3, 1.2, and L1: leaf 3, 2 and 1 (flag leaf), respectively; TO: Control; T1 and T2: One and two fungicide treatments respec-
tively. Significant different variations among treatments are indicated by different letters (P < 0.05).

WTS (P < 0.001). The disease was observed at rather
high severity on the leaves treated lately (T1 and T2) as
compared to untreated leaves (TO) (Fig. 2). Fungicide
treatments were ineffective 40 days (GS 85) after the last
application (Fig. 2). The fungicide used in this case was
Allegro (Kresoxim-methyl, Epoxiconazole) for T1 and
Opus team (Fenpropimorph, Epoxiconazole) and Alle-
gro (Kresoxim-methyl, Epoxiconazole) for T2 (Table 2).
The DMI (demethylation inhibitors) fungicides Epoxi-
conazole and the strobilurin Kresoxim-methyl less effi-
cient and did not stop the disease (Fig. 2).

1999-2000 cropping season. In 2000, WTS was de-
tected in all experimental fields, its severity being signifi-
cantly different between locations (P < 0.05). The high-
est severity was found at Everlange (West), followed by
Burmerange (South) and Christnach (Center). Differ-
ences among cultivars were highly significant (P < 0.001)
within each field as well as between fields (Fig. 3).

The treatment effect was highly significant (P < 0.01)
at GS 75 on L1 (flag leaf), but this treatment did not
show any effect at GS 85. Cultivars Bussard and Ritmo
appeared as the most sensitive to WTS (P < 0.0001) at

GS 75. While no significant difference (P=0.73) in dis-
ease severity was observed between cvs Flair and Dream
at the same GS. The range of fungicide products used
in our tests provided some protection against the dis-
ease at GS 75. However, these products did not stop a
very important outbreak of the disease at GS 85. In-
deed, disease severity reached 50% (cvs Bussard and
Ritmo) at the beginning of July (July 10) for T1 and T2
treatments 38 days after the last fungicide spray. Labo-
ratory characterization of the fungus from treated and
untreated leaves identified two strains (Fig. 4) denoted:
(i) strain “LLB2038-1” for treated leaves, and (ii) strain
“LB2038-3” for untreated leaves.

At Burmerange, WTS severity was important at GS 85
(Fig. 3). TO showed the highest disease severity on L1
with 15% for cv. Bussard and 25% for cv. Ritmo, where-
as the lowest severity (< 1%) was observed for T2.

At Christnach, cv. Ritmo differed significantly from
the three other cultivars (P < 0.004) only for L2, where-
as for L1 no significant difference between cultivars was
observed. However, for this leave, the disease severity
was much more important in T2 than TO (Fig. 3).

Table 3. Analyses of variances (ANOVAs) for the effects of year, site, cultivars, and treatment and the interaction be-

tween year, site, cultivars, and treatment.

Source Type III Sum of Squares Mean Square F P
Year 18186.09 18186.09 351.28 e
Site 5596.08 2798.04 54.05 e
Cultivars 10616.02 3538.67 68.35

Treatment 2567.63 2567.63 49.60 .
Year*Site*Cultivars*Treatment 72322.63 1808.07 34.92 i

sSignificance levels: *= P<0.05; *= P < 0.01; ***= P < 0.001; and NS= P>0.05.
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2001-2008 cropping season. At Everlange, WTS was
of minor importance throughout this period. In 2001,
WTS severity at GS 85 was very low in all sites com-
pared to the previous cropping seasons (Table 4) and
the difference was significant between T1 at each stage,
T2 and TO depending on the cultivar (P < 0.001) (Table
4). On cv. Bussard, plots with the GS 49-fungicide treat-
ment showed the highest disease severity on 1.2 (Table
4). On cv. Flair, T2 showed the highest disease severity.
At Burmerange, no disease was observed; while at
Christnach the disease occurred in a much lower per-
centage (Table 4).

Nevertheless, in 2004 the behaviour of cv. Achat to-
wards WTS severity differed depending on the previous

Journal of Plant Pathology (2013), S1.’

crop (i.e. wheat and oilseed rape) for infections o
at an early stage (GS 37) when the previous crc
wheat. In 2007, the disease was observed on I
tween April 30 and May 7 on cvs Achat (2%), .
(< 1%) and Flair (5%).

At Burmerange no WTS was detected in 2001
4) and at Christnach, it occurred with a much low
centage than in 2000 (Table 4). The difference b
cultivars and treatments was not significant (P >
At these sites, WTS was negligible over the 200
period, even though in 2007 it was observed in a
stage (GS 30-31) with symptoms only on the
leaves. At Reuler, symptoms were observed only i
on L5 at the beginning of the season (GS 30, mid-.
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Fig. 3. Variation of the tan spot severity on the upper leaves at GS 85 (July 10, 2000) at three studied sites as affected by tk
cide treatment. 13, 1.2, and L1: leaf 3, 2 and 1 (flag leaf), respectively; TO: Control; T1 and T2: One and two fungicide tre

0 s —

respectively. Significant different variations among treatments are indicated by different letters (P < 0.05).
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Fig. 4. Tan spot blights of winter wheat in the Grand-Duchy of Luxembourg. al, L3 from cv. Bussard at Everlange (sample har-
vested on July 10, 2000). a2, L3 from cv. Bussard treated at Everlange (sample harvested on July 10, 2000). b, strain LB2038-1 of
treated L3 pushed on PDA. ¢, conidia of 1.B2038-1 of treated L3. d, strain LB2037-3 of control L3 pushed on PDA. e, conidia of

LB2037-3 of control L3.

2008-2009 cropping season. WTS was observed only
at Everlange. The difference between the cultivars and
the treatments was highly significant (P < 0.01) (Table
5). Disease severity was very low on cv. Achat for the
two upper leaves (L1 and L2) while it was very high on
the cv. Privileg. For this last cultivar, the comparison be-
tween the treatments (T1 and T2) and TO revealed that
fungicide-treated plots showed the highest disease
severity. The highest severity (26%) on L1 occurred in
plots with T1 performed at GS 39 (Table 5). T2 and T3
plots showed a severity of 11% and 10%, respectively.

The comparison of the number of days between the

first appearance of WTS and the latest fungicide appli-
cation for each treatment (Fig. 5) showed that the dis-
ease appeared before the end of the product protective
activity. WTS was observed in T2 and T3 plots while
the number of days since the last application was only
19 days (Fig. 5).

DISCUSSION
Wheat crops grown repeatedly in sequence

(monocropping) can suffer from various soil and stub-
ble-borne disease, although the range and aggressive-
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Fig. 5. Variation of tan spot severity on the two upper leaves of cvs Privileg at Everlange in 2009 after the last fungicide spray. TO,
control; T1, T2, and T3, one, two, and triple fungicide treatment, respectively; L1 and L2, leaf 1 and leaf 2.
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Table 4. Wheat tan spot severity (% leaf area covered by sporulating Pyrenophora tritici-repentis) in three experimental site
85 (July 6, 2001) during the 2000-2001 cropping season.

T
M‘ Disease severity
ﬂ Cultivars Exprieind Time of spray ; rn o)
‘} code Burmerange Christnach Everlange
i L1k 1.2° L1 L2 L1
Control (no
| Bussard To* spray) 0.0+0.0 0.0+ 0.0 15+1.8 1.0+1.4 0:2£1°1 0.2
| Ti GS37 2231 5.0
15 GS49 i 112
ﬂ GS61 10+ 1.6 55
‘ JE2 GS31+GS59 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 20+23 20+3.0 34
Dream TO Control 0.0+ 0.0 0.0+ 0.0 05 +0.8 0.0+ 0.0 02+1.1 0.8
1 T1 GS37 0.0+0.0 0.6
GS49 0.1+1.0 0.5
GS61 0.0 £ 0.0 0.5
i T2 GS31+GS59 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.5+0.8 0.0+0.0 1.1
Flair TO Control 0.0+0.0 0.0 +0.0 0.0+£0.0 0.1+04 0.0+ 0.0 0.6
Tl GS37 03+12 1.0
GS49 1.15£:2.0 1.0
GS61 0.0+ 0.0 11
T2 GS31+GS59 0.0+0.0 0.0+ 0.0 0.0+0.0 0.0+ 0.0 1.1+ 2:0 73
Ritmo TO Control 0.0+ 0.0 0.0+0.0 0.0+ 0.0 0.0+ 0.0 1.7+2.6 26
T1 GS37 1.0+1.9 1.8
GS49 05+14 1.2
GS61 0.0+ 0.0 1.2
T2 GS31+GS59 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 1.0+1.3 0.2 + 1.1 2.0.

i *T0: Control; T1 and T2: One and two fungicide treatments, respectively.
‘ L1 and L2: Leaf 1 and leaf 2.

Table 5. Wheat tan spot severity (% leaf area covered by sporulating Pyrenophora tritici-repentis) at
i Everlange during the 2008-2009 cropping season in cvs Achat and Privileg.

Disease severity

| (mean + SD)

j Treatment Time of fungicide spray
; Achat Privileg
L1 L2 [T 12
TO* Control (no spray) 0.0+ 0.0 0.0+0.0 5.0+4.7 1.8+1.9
e GS31 0.0+0.0 0.1+03 181+115 81+5.7
GS37 0.0+ 0.0 0.0+ 0.0 12.0+9.5 89+7.0
GS39 1.6 +27 1.0+ 1.4 255+11.7 4.0+43
GS45 0.0 +0.0 0.0+0.0 142 +99 8.8+7.8
GS59 19+33 0.8+1.6 14.6 £ 8.5 14.0+94
(22 GS31+GS59 03 +0.5 0.1+0.3 109+7.2 6.6+5.0
1§ T3® GS31+GS37+GS59 0.0+0.0 03 +0.7 10.0+10.9 42+65
! ANOVA?® crossing the effects of treatment and cultivars
Treatment e
Cultivars i

*T0: Control; T1, T2 and T3: One, two, and triple fungicide treatment, respectively.
°A multifactorial ANOVA evidences significant differences. Significance levels: *= P<0.05;
i **=P <0.01; *** =P < 0.001; and NS= P > 0.05.

%
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ness of particular pathogens vary widely both regionally
and seasonally. For some diseases, crop tolerance (e.g.
crown rot caused by Fusarium pseudograminearum), re-
sistance (e.g. cereal cyst nematode, Heterodera avenae)
or seed dressings and fungicides (e.g. eyespot caused by
Tapesia yallundae and Tan spot by Pir in Europe) form
part of the control strategy (Kirkegaard ez al., 2008).
Prior to 1999, WTS was regarded as rare or absent in
winter wheat crops grown in GDL. However, over the
1999-2009 period, observations based on visual assess-
ments in four experimental sites indicated that WTS oc-
curred frequently at Everlange. These observations also
showed that the most severe outbreaks of WTS oc-
curred in fields where the previous crop was winter
wheat and where non-inversion tillage was practised.
Farmers began to abandon crop rotation after pesticides
and nitrogen fertilizer became available, as many be-
lieved that they could replace the benefits of crop rota-
tions (Katlen ez al., 1994). Some authors indicate that
crops grown in short rotations or monoculture often
suffer from yield decline compared to those grown in
longer rotations or for the first time (Bennett ez al,
2011). It should be noted that between late 1999 and
early 2000, the Luxembourgish farmers began to prac-
tice non-inversion tillage and intensified the wheat-af-
ter-wheat cropping practice. In 2000, WTS was ob-
served in all experimental sites. In these sites and for
this year, the non-inversion tillage was practised. In the
same year, the disease was also found in several GDL
neighbouring countries, mainly France and Germany
(Jorgensen and Olsen, 2007; Moreno and Perells, 2010;
Reimann and Deising, 2005). WTS introduction coin-
cided with the spread of non-inversion tillage and
wheat-after-wheat cropping systems (Sutton and Vyn,
1990). Under the climatic conditions of Belgium and
Germany the pathogen’s pseudothecia were detected on
straw and stubbles during winter and ascospores were
found to mature and disperse at mid-April. This led to
the primary attack in late April or early May (Maraite et
al., 1992; Wolf and Hoffmann, 1995).

Moisture and temperature are primary determinants
of WTS infection. On susceptible cultivars, a minimum
wet period of 6 h is necessary for conidia to infect leaves
(Hosford et al., 1990) and disease severity on suscepti-
ble cultivars increases with longer wet periods (Lamari
et al., 1992). Thus, temperatures around 20°C and 24 h
wetness are suitable conditions for a successful infection
(Lamari et al., 1992). In the GDL, a stochastic model
was developed to predict WTS (El Jarroudi ez al,
2004). The inputs are hourly data (i.e. temperature, rel-
ative humidity, and rainfall) provided by a network of
automatic weather stations and used to calculate peri-
ods with high probability of infection by Pzr. WTS de-
velopment in the experimental field sites requires a pe-
riod of at least 24 consecutive hours with temperatures
between 4 and 25°C and a relative humidity greater

e
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than 70%, with optimal values varying between 8 and
16°C and relative humidity greater than 90% (EI Jar-
roudi et al., 2004). Statistical validation using regression
analysis also showed a strong correlation between the
number of hours with these specific meteorological con-
ditions and the percentage leaf area covered by WTS le-
sions on the upper leaves.

WTS control is complex and fits well an integrated
disease management system, i.e. a combination of chem-
ical, cultural, genetic and, sometimes, biological meth-
ods (Bockus ef al., 1992; Duczek and Jones-Flory, 1994;
Hosford and Busch, 1974; Perell6 ez al., 2003, 2006;
Simén et al., 2011).

Cultivar susceptibility is one of the important ele-
ments to take into consideration for disease occurrence
(Gurung et al., 2012). Among farmers practising non-in-
version tillage and growing wheat-after-wheat there is a
need to grow cultivars with good resistance to WTS
since this cropping system facilitates disease establish-
ment. In our study, the difference between the cultivars
in terms of susceptibility was highly significant (P <
0.001). Cultivars Bussard, Ritmo and Privileg were the
most susceptible to WTS, whereas cv. Achat was among
the most tolerant thus representing a good option to re-
duce disease risk. Some variation in the ranking of the
cultivars was seen over the years, but the overall trend
between years was similar for the most resistant and the
most susceptible cultivars.

Regarding treatments, our study showed that for
years with major WTS oubreaks, and during the early
crop development (GS75), the disease severity was well
controlled by single (T1) and double (T2) fungicide
treatments. This was consistently observed in 1999,
2000 and 2009. However, at later growth stages (GS85),
the contrary occurred for the highest disease severity
was observed in the plots treated with a single or a dou-
ble fungicide treatment (T2 and T1). It is probable that
the lower sensitivity of Ptz populations to strobilurins
(Kresoxim-methyl, Pyraclostrobin) and triazoles (Epox-
iconazole) may have reduced the efficiency of these
fungicides. Indeed, the fungicide used in the last spray
for T2 and T3 during the 2008-2009 cropping season
were Swing gold (Epoxiconazole+Dimoxystrobine) and
Bravo (Chlorothalonil). For T1, the fungicide used was
Input Pro set (Prothioconazole+Dimoxystrobine) and
Bravo (Chlorothalonil). Strobilurin- (Kresoxim-methyl)
and triazole-resistant (Epoxiconazole) Ptr isolates were
found in 2000 and 2001 in Germany (Reimann and
Deising, 2005).

In western Europe, WTS is considered to be a prob-
lem in Sweden, Germany, France, and Denmark (Jor-
gensen and Olsen, 2007). Since 2003, Denmark has seen
strobilurin resistance in a number of trials (Jorgensen
and Olsen, 2007) and strobilurin resistance has also ap-
peared in Germany and Sweden (Jorgensen and Olsen,
2007). The development of strobilurin (Kresoxim-
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methyl, Pyraclostrobin) and Epoxiconazole resistance
means that the recommendations for WTS control must
changed in favour of other active ingredients. It is prob-
able that this resistance will be more frequent in the fu-
ture and this should be monitored closely. Another hy-
pothesis is that the fungicide treatments strongly affect
the microbial consortia present on the wheat leaf sur-
face. Among these microbes, yeast-like fungi, hyphal
fungi, and bacteria that are known to play an important
antagonistic role towards leaf surface pathogens (Bashi
and Fokkema, 1977; Rodgers-Gray and Shaw, 2001;
Wachowska, 2005), are very susceptible to some fungi-
cides. The effect of a fungicide may differ according to
the microbial consortia involved. For example, the re-
ducing effect of chlorothalonil on fungal numbers (i.e.
Ascomycetes) was often compensated for by an increase
of bacterial numbers (Rodgers-Gray and Shaw, 2001). It
is highly possible that under fungicide pressure, useful
antagonistic organisms on wheat leaf surface are inhibit-
ed, leaving an open space for colonisation by pathogen-
ic fungi. Very little is known about naturally occurring
organisms at the surface of wheat leaves and their role
in protecting the plant against pathogenic fungi. This
research area deserves particular attention when devel-
oping disease control strategies based on the use of
fungicides.

The years 1999, 2000 and 2009 showed that WTS
could be an acute problem for wheat production in the
GDL. The increase in conservation tillage and the in-
tensification of wheat production through shorter rota-
tions and monoculture are favouring WTS and are un-
likely to change. Successful management of WTS will
depend on research efforts such as disease forecasting
technology and monitoring of fungicide resistance, and
research on the interaction between the microclimatic
conditions and the structure of the population as well as
its architecture.

Currently, susceptible cultivars are closely monitored
in non-inversion tillage and wheat-after-wheat cropping
systems for recommending the appropriate fungicide
treatments. In all other situations, the severity of WTS
was too low to justify special control in 3 out of 10 years
during the monitoring period.

The trend in farming today is towards using more re-
duced and non-inversion tillage systems to optimizing
the cost of production. In order to reduce the WTS risk
and the use of fungicides, it is, however, important to
couple non-inversion tillage with resistant cultivars and
adequate crop rotation.
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