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1. Introduction

Septoria leaf blotch (SLB) is an important foliasehse of wheat which can cause considerable lgistd The difficulty of
SLB risk assessment for farmers has resulted iptpiactic fungicide applications at two or thre@wth stages, although
trials often demonstrate cost effectiveness fory ame or even no fungicide application. Environraérgoncerns and
changes in the cost/price ratio in wheat productiame increased the demand for site-specific SSB aissessment and
fungicide application decision-support systems.

Since the early 1990s, various forecasting modals lbeen used to support decisions for plant déise@magement by
simulating the relationship between meteorologizth and SLB infection periods. One of them, PROTJRE, applied

mainly in Belgium and Luxembourg, is an interactiéeb-based, field-specific, decision-support systemsed on the
mechanistic modelling of the infection developmeifihe meteorological input data are temperat@lative humidity, and
rainfall measurements provided by a network of auatiic weather stations.

Due to its high spatial variability precipitatioield cannot be fully captured by a network of rgauges which limits the
performance of the disease forecasting systentisrpaper we briefly present a research on thetissdar-derived rainfall
information to improve the forecasting and managenoé SLB. This research is extensively describediahtour et al.
(2011).

2. Material and methods
2.1 Disease prediction model

PROCULTURE is a decision-support system basedhennechanistic modeling of the development of dw five leaf
layers of the crop and of SLB development on thagers (El Jarroudi et al., 2009; Moreau and Mara009). The input
data are (i) temperature, relative humidity, andfedl data provided by a network of automatic Wesatstations; (ii) field-
specific data such as location, sowing date, aftilvaususceptibility; and (iii) one adjustment anal the first node of the
actual growth stage and of SLB incidence on onéquéar leaf layer specified by the model. The maxtmnsiders infection
to have occurred when, during a 2-h rainfall ey@nécipitation for the first hour is at least Orin, to allow for the
swelling of pycnidia, followed by a second hourtwit least 0.5 mm of precipitation, leading to thelease and splash
dispersal of the conidia. In addition, after ralhfielative humidity should be higher than 60%idgrthe following 16 h and
the temperature should remain above 4°C for 24rtgéwmination and infection. The assessment ofRROCULTURE
model at several sites in Belgium and Luxemboungwed that the model can explain disease progressithe canopy and
can be used to advise farmers when to apply fushggcduring stem elongation, when the three uppeekemerge. Overall,
the assessment of the infection periods achievedcauaracy of 85%. Overestimation or underestimatibthe risk could
often be traced back to differences in rain eveatstured by the tipping-bucket rain gauges atwhather station compared
with the rainfall to which a particular field wastaally exposed. Rainfall data could be interpedabetween weather
stations but precipitation between fields is chemazed by high spatial and temporal variabilityaking the interpolation
unreliable.

2.2 Disease assessment

Replicated field experiments were established liegttvillages in Luxembourg (Reuler, Burmerange,ldi&sgge) and in one
village in Belgium (Humain) during the growing seas in 2003, 2004, and 2005. Experimental fieldseviypically sown
in approximately mid-October. The sowing and harvemethods and crop practices used reflected #ual uvheat
production practices in Belgium and Luxembourg.€2ise development and severity were monitored wedekty April to
July.
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2.3 Radar and gauge rainfall data

Radar observations are provided by a C-band weaditar located in Wideumont (Belgium) and operdigdhe Royal

Meteorological Institute of Belgium. The raw radi#ata are produced by a 5-elevation scan performmedy & minutes.

Measurements are collected up to 240 km with aluéen of 250 m in range and 1 degree in azimuthtirhe-domain

Doppler filtering is applied for ground clutter rewal. An additional treatment, based on a statittet map, is applied to
eliminate residual permanent ground clutter. A tlimensional radar product is then extracted fromttiree-dimensional
polar data on a Cartesian grid with a resolutio®@d*x600 m2 (Goudenhoofdt and Delobbe, 2009). Rifity values are

then converted into precipitation rates using thard¥all-Palmer relation Z=4Rwith a=200 and b=1.6. Hourly rainfall
amounts are produced by summing 5-min rainfall maps

The quality of radar data was assessed througbngarison with 77 tipping-bucket rain gauges frdre Hydrological
Service of the Walloon Region of Belgium (SETH¥Yata quality control was ensured by both RMI afIr8Y. The
comparison between radar- and gauge-derived datamade from March to July over 3 years (2003, 2604 2005). This
period was chosen because it corresponded to tlseimportant part of the crop growing season amdlite cycle of the
pathogen. For this comparison, an analysis of aliafmounts and occurrences was conducted for atibn by comparing
hourly rainfall events estimated by the RMI radéthvprecipitation measured by the rain gauges. \Wétrard to the radar’'s
ability to determine the presence or absence ofiftation, a dichotomous categorical verificatioms performed to
guantify the proportion of hourly events correcdgtimated by the weather radar. Various score® weed for the
comparison, including the probability of detecti@OD), false alarm ratio (FAR), and critical succ@sdex (CSl). These
statistical scores were calculated using the faligWiormulae:

POD = al(a + c¢); FAR =b/(a + b); CSI = a/(a + b)+

where a = precipitation, measured by a rain gaangedatected by radar; b = precipitation detectedaldgr but not measured
by a rain gauge; and ¢ = precipitation measured tajin gauge but not detected by radar. In ordevéwcome the problem
of extremely low rainfall amounts<Q.1 mm) caused by the detection limits of bothrimsents, adjusted POD, FAR, and
CSI (POD, FAR, and CSI| respectively) were also calculated. In this caamfall occurrence was assumed when both
radar- and gauge-derived rainfall exceed 0.1 mm.

2.4 Impact of radar-derived rainfall data on theumacy of SLB forecasting.

The incidence of infection estimated by the PROCURE model, with two rainfall input datasets (i.&4 rain-gauge
measurements and the RMI weather-radar estimai® assessed. The 14 rain-gauge stations beloadedrtindividual
networks. Three of these stations were part ofR€Md network, seven were from the Promotion of Agseteorology in
Southeastern Belgium network, three were Admirtisinades Services Techniques de I'Agriculture etai and one was a
CRP-Gabriel Lippmann station in Luxembourg (Fig. These meteorological stations were included bsx#uey provided
hourly data on relative humidity, temperature, eaidfall that were necessary for PROCULTURE.

The effect of rainfall data source, from eithernrgiauges or radar, was also assessed by a conmpaéseeen field
observations of SLB severity (the reference) andlehoesults including both rainfall estimates inurfeselected weather
stations near the four field trials. The identifioa of infection events was based on the developroésymptom severity
over time. An infection event was considered toehaecurred when disease severity increased signtficbetween two
successive observations.

For the comparison between radar and rain-gauge idathe simulated infection periods with PROCULTEIRhe three
classes in the contingency table —a, b, and c—waled a, b, and ¢ therefore, the simulated POD, FAR, and CSI
(PODL,, FAR;, and CSJ respectively) were expressed as:

POD = a/(a+ ¢); FAR = b/(a + b); CSk=a /(a + by + &)
where @ = infection occurrences simulated using both radad rain-gauges,slx infection occurrences simulated using

radar but not simulated using rain gauges, andiafection occurrences not simulated using rdmarsimulated when using
rain gauges.
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LUXEMBOURG
B Useldange

Fig. 1. Location of the weather radar of the Royal Meteogital Institute (RMI) of Belgium, the 77 automattations of

the Hydrological Service of the Walloon Region efgiim (+), the seven agrometeorological statiohshe Promotion of

Agrometeorology in southeastern Belgium the four automatic stations in Luxembousg,(and the three automatic
stations of the RMI&). The circles represent the range of the weathédar.

The same contingency table was used to compare-radd gauge-derived simulated infections with dtifens assessed
from observed leaf spot. However, here the simutatibserved POD, FAR, and CSI (PQDFARs, and CSi,
respectively) were expressed as:

PODso0 = & /(as + Go); FARso = byo /(50 + bsg); CSko = a0 /(a0 + bso + o)

where g, = infections both observed and simulateg /binfections simulated but not observed, agd-anfections observed
but not simulated.

3. Results
3.1 Comparison of rainfall occurrence derived fr@dar and rain gauge data

Rainfall occurrence was assessed using both hawéther-radar and rain-gauge data from weathdossafFig.2). The
POD values of rainfall events varied from 0.44 1800throughout the study (average = 0.71 + 0.08)is acceptable POD,
however, was accompanied by a high FAR (0.21 td)0Mhich may be explained by the low rainfall thats close to the
limit of detectability by the rain gauges. This wasarly expressed in the hourly precipitation aaggncy table showing the
relationship between gauge- and radar-derived hoaihfall estimates (not shown). The largest dipancies between the
two sets of measurements were observed for verk vmensity rainfall (O to 0.1 mm). When the hourginfall threshold
indicating a rainfall event was increased (i.eraiafall event was considered when >0.1 mm), th&®Fsaores were reduced
from 0.32 + 0.06 to 0.13 + 0.04. This improvemerasvalso observed for the POD (from 0.71 + 0.09.8 @& 0.08 on
average) and CSI (from 0.53 + 0.08 to 0.76 + OddBaverage).

3.2 Evaluation of radar- and gauge-derived infecsionulations against observed leaf spot symptoms

Field monitoring of the visually estimated leaf am@vered by disease lesions on the five uppeesatfour sites from
2003 to 2005 revealed significant differences amysdys, and a significant interaction between yaatssites. Analysis of
the changes in disease severity identified 148 iné&tetion events on the upper three leaves. Ovahalduration of periods
with a high probability of infection calculated IBROCULTURE on the basis of radar rainfall data tfegse trials was
similar to that based on gauge measurements (Talfligy. 3). At Humain, out of 42 infection eventgeo the three cropping
seasons, 90% were correctly predicted by PROCULTUWRIEg the weather-radar data, while only 84% weygectly
anticipated using rain gauges. Only 4% of infecéwents predicted by PROCULTURE using radar esémas input data
were not confirmed by visual observations of sympoFor the three other sites (Useldange, Burmetaangd Reuler), for
48, 37 and 21 infection events, respectively, Htlar was always more accurate than the rain gang@siulating infection
risks.
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Fig. 2. Adjusted verification scores. PQDFAR, and CSl are the adjusted probability of detection (PORJsd alarm
ratio (FAR), and critical success index (CSI) valuespectively, obtained when raising the mininmainfall threshold.
Values of POD FAR, and CSlwere calculated by considering only those hoursmifie weather-radar rainfall estimates
and rain-gauge precipitation measurements botheebexk0.1 mm.

Infection hours* POD FAR Csl
Stations Year Gauge Radar Gauge Radar Gauge Radsauge Radar
2003 60 62 0.93 0.83 0 0 0.93 0.83
2004 46 40 0.73 0.87 0 0 0.73 0.87
2005 24 27 0.86 1.00 0 0.12 0.85 0.87
HUMAIN 128 129 0.84 0.90 0 0.04 0.84 0.86
2003 56 44 0.87 0.80 0 0 0.87 0.80
2004 48 48 0.72 0.78 0 0 0.72 0.78
2005 33 32 0.71 0.86 0.09 0.07 0.67 0.81
USELDANGE 137 124 0.77 0.81 0.03 0.02 0.75 0.80
2003 30 22 0.70 0.70 0 0 0.70 0.70
2004 43 55 0.73 0.93 0 0 0.73 0.93
2005 24 28 0.91 0.83 0 0 0.91 0.83
BURMERANGE 97 105 0.78 0.82 0 0 0.78 0.82
2003 - - - - - - - -
2004 45 32 0.70 0.70 0 0 0.70 0.70
2005 24 23 0.82 1.00 0 0 0.82 1.00
REULER 69 55 0.76 0.85 0 0 0.76 0.85
ALL 433 413 0.79 0.84 0.01 0.02 0.77 0.83

Table 1. Number of hours with high probability of S. titinfection in four sites and during the perioddafipril to mid
June for three cropping seasons (2003, 2004 and5R08core indices (POD, FAR and CSI) show the tatale
comparison between infection periods (on the lhetd leaves) determined by visual observations simlilated by the
PROCULTURE model using four rain gauges and weathaar estimates.
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Fig. 3. Example of inputs and outputs of the Septoria Bafch (SLB) risk assessment model PROCULTURE ritewi
wheat fields at the Humain site in 200%.Greenlines represent the percentage of leaf araeldpment for leaves L5 to
L1. Pink lines represent SLB severity (%) on LE10oB, Latent period and duration (dashed lineindicates dtent period
caused only by radar rainfall datalz, Number of hours per day with a high probabilityimfection determined by using
radar rainfall estimate dat&, Number of hours per day with a high probabilityidection determined by using rain-gauge
precipitation data.E, Royal Meteorological Institute of Belgium radar lyarainfall estimates from the Humain weather
station.F, Daily rain-gauge precipitation (mm) measured at themain weather statiors, Average daily air temperature
(°C) andrelative humidity (%).
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The FAR, index was O for all stations, except for the radiata at Humain in 2005 and for both the gaugeraddr data
at Useldange in 2005. Although the PQMas, on average, 0.84 for all stations when utfirgadar estimates as input data
for the PROCULTURE model, the PQJell to 0.79 when using the rain gauge data. Theas no significant differencé (
> 0.05) in the number of infection events of sintiolas using rainfall data derived from either radasessments or rain-
gauge measurements.

4, Conclusion

The assessment of the PROCULTURE model at sevitealin Belgium and Luxembourg over several yeas $hown
that it can explain disease progression in the mandhe PROCULTURE model is being used in earlynivay systems in
Belgium and Luxembourg to define, in real time, tis& of SLB on the upper leaves of winter wheatirlyistem elongation.
Setting up an operational network, however, foonmending the optimal time for fungicide applicatim Belgium and
Luxembourg requires representative rainfall measerdgs network throughout the territory. Due to thigh spatial
variability of rainfall, particularly for convectéevevents during the growing season in Belgium amembourg, data from
the existing rain-gauge network may miss rain evémtsome localities and be inadequate for deligeriapid advice to
farmers whose fields are not located near a gauge.

Rain gauge measurements are generally considenadra@saccurate than radar-derived precipitatioimaseés. However,
the present study suggests that at relatively staonge weather radars are as performant as omasitegauges for the
estimation of the occurrence of precipitation. Tisiprobably due to the limitations of rain gaugesneasuring very small
rainfall amounts. As a result weather radar obsema can provide predictions of infection eventwences comparable
with those obtained with rain gauges. Since tharasl able to provide observations over a largegrgahical area, its use
can be very beneficial for operational site-specfiiLB risk assessment
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