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AARHUS 

UNIVERSITET 
DCA - NATIONALT CENTER FOR FØDEVARER OG JORDBRUG 

NaturErhvervstyrelsen 

Vedrørende ”Notat om tema 2: Vurdering af prøveudtagningsmetode og 

–intensitet af kartoffelbrok til brug for afregulering af tidligere smittede 

marker” 

  
NaturErhvervstyrelsen (NAER) anmodede med bestilling af 30. marts 2015 DCA – 

Nationalt Center for Fødevarer og Jordbrug (DCA) om en vurdering af smittetryk-

kategorier, karenstider og prøvetagningseffektivitet ved udbrud af kartoffelbrok. 

 

NAER anmodede dels om en vurdering af NAERs generelle retningslinjer for opde-

ling af smittetryk af kartoffelbrok og efterfølgende afvikling af karenstid (Tema 1), 

dels om en vurdering af risikoen for falsk-negative bedømmelser ved forskellige prø-

vetegningsintensiteter (Tema 2). DCA fremsendte den 17. april 2015 ”Notat vedrø-

rende NaturErhvervstyrelsens generelle retningslinjer for kategorisering af smittetryk 

af kartoffelbrok og de tilhørende restriktioner” som svar på bestillingens Tema 1. 

 

Som besvarelse på bestillingens Tema 2: ”Prøvetagningseffektivitet” fremsendes 

hermed vedlagte ”Notat om tema 2: Vurdering af prøveudtagningsmetode og –

intensitet af kartoffelbrok til brug for afregulering af tidligere smittede marker”. 

 

Notatet er udarbejdet af seniorforsker Rodrigo Labouriau, Institut for Matematik, og 

seniorforsker Bent J. Nielsen, Institut for Agroøkologi. Det er led i ”Aftale mellem 

Aarhus Universitet og Fødevare-ministeriet om udførelse af forskningsbaseret myn-

dighedsbetjening m.v. ved Aarhus Universitet, DCA – Nationalt Center for Fødevarer 

og Jordbrug, 2015-2018”. 

 

Med venlig hilsen 

 

Susanne Elmholt  

Seniorforsker, koordinator for myndighedsrådgivning 
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Notat om tema 2: Vurdering af prøvetagningsmetode og -intensitet af kartoffelbrok til 
brug for afregulering af tidligere smittede marker 
Rodrigo Labouriau1  og Bent J. Nielsen2 
 
 
Sammendrag og anbefalinger 
NaturErhvervstyrelsen har den 30. marts 2015 fremsendt en bestilling af forskningsbaseret 
myndighedsrådgivning vedrørende vurdering af prøvetagningsmetode og -intensitet af 
kartoffelbrok til brug for afregulering af tidligere smittede marker. Der ønskes en vurdering af 
risikoen for falsk-negative bedømmelser ved forskelige prøvetagningsintensiteter samt 
supplerende vurdering af udtagningsmetode med rektangulært sampling gitter. 
  
Ved hjælp af data fra tidligere bedømmelser for infektion af marker med kartoffelbrok i 
Danmark (og sammenligninger heraf med tilgængelige oplysninger i litteraturen) har vi 
opbygget et simulationssystem, som simulerer en række realistiske scenarier af markinfektion. 
Dette system er anvendt til at teste konsekvenserne af implementering af forskellige 
procedurer for prøveudtagning, der involverer flere alternativer til prøveudtagningsintensitet. 
  
Baseret på de argumenter, der er beskrevet i dette notat, anbefaler vi, at 
prøveudtagningsintensiteten ikke bør reduceres til intensiteter under 167 stik/ha, dvs. hvad 
der er anvendt i mange marker i 2014.  Vi præsenterer evidens for, at der på grund af den 
typiske inhomogenitet i fordelingen af kartoffelbrok i markerne, kan genereres alvorlig 
skævhed i estimeringen af infektionsniveauet i markerne, hvis prøveudtagningsintensiteten 
reduceres til under 167 stik/ha (se Tabel 3). En reduktion kan forårsage forkert klassificering 
af inficerede marker, og vil øge sandsynligheden betydeligt for ikke at opdage sygdommen i 
middel og lavt inficerede marker (se Tabel 4). Vi fandt ikke bevis for fordele ved at øge 
prøveudtagningsintensiteten til niveauer højere end 167 stik/ha, når der anvendes et 
rektangulært sampling gitter (med afstand 20m i dyrkningsretning). 
  
Vi fandt beviser for, at man kunne forvente en stigning i detektionsevnen, hvis afstanden i 
dyrkningsretningen reduceres i prøveudtagningsnettet (under 20m); en måde at opnå denne 
på kunne være at anvende et kvadratisk gitter. De tilgængelige informationer fra tidligere 
danske markbedømmelser tillader os imidlertid ikke at kvantificere denne effekt på en præcis 
måde (da prøverne puljes for hver 60 stik). 
  
Vi anbefaler endvidere, at der ved eventuelt kommende mere detaljerede danske 
undersøgelser anvendes en mere finmasket procedure (muligvis med yderligere raffineret 
prøveudtagning i “hot-spots”) i strategisk udvalgte, inficerede marker. Det ville placere os i en 
bedre position til at træffe beslutninger ud fra standardprøveudtagning og markklassificering. 

                                                        
1 Applied Statistical Laboratory at the Department of Mathematics, Aarhus University. 
2 Research Group for Crop Health, Department of Agroecology, Aarhus University. 
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Details on the Evaluation of Sampling Procedures for Detecting Potato Wart 
Infection in Fields  
 
Summary/Recommendation 
Using data on the previous evaluations of infection of fields with potato wart in Denmark (and 
comparing that with information available in the literature) we constructed a simulation 
system emulating a range of realistic scenarios of field infection. This system was used to test 
the consequences of adopting different sampling procedures involving several alternatives of 
sampling intensity. 
 
Based on the arguments described in the present report, we recommend that the sampling 
intensity should not be reduced to intensities below the current intensity of 167 samples/ha; 
we present indications that, due to the typical inhomogeneity of the distribution of the 
infection intensity in the fields, a reduction of the currently used sampling intensity (i.e. 167 
samples/ha) might generate serious bias in the estimation of the infection potential present in 
the field (causing wrong classification of infected fields) and would increase substantially the 
probability of not detecting the disease in medium and low infected fields. We did not find 
evidence of advantages of increasing the sampling intensity to levels higher than the currently 
level used (167 samples/ha) when a rectangular sampling grid (with distance of 20m in the 
direction of the cultivation) is used.  
 
We found evidence that one might expect an increase in the detection power if the distance in 
the direction of the cultivation is reduced in the grid; a way for obtaining that might be to adopt 
a quadratic grid. However, the information available from previous field evaluations that we 
have at hand does not allow us to quantify this effect in a precise way, due to the (unavoidable) 
practice of pooling samples for reducing the analytical costs.  
 
We recommend further that finer sampling studies (possibly involving further refined 
sampling in hot spots encountered in the field) performed in strategically chosen infected 
fields should be carried out in Denmark. This would place us in a better position for taking 
decisions on the standard sampling and field classification procedures to be adopted under the 
typical field conditions in Denmark. 
 
 
Introduction 
 
This text discusses the evaluation of a range of sampling procedures for detecting and 
quantifying infection focuses of potato wart (PW) in fields in Denmark after request from 
NaturErhvervstyrelsen (NAER) of 12-03-2015 . Two specific questions will be addressed: 1) 
what would be the consequences of changing the sampling intensity in the current sampling 
procedure in terms of the frequency of false negative and/or miss classification of potentially 
infected fields? 2) Would it be advantageous to replace the current sampling procedure based 
on a rectangular (3 x 20 m) sampling grid by a quadratic sampling grid (n x n m, for some n)?   
 
The main idea explored here is to simulate fields that imitate real observed Danish fields 
infected with potato wart (PW). The simulated field will be constructed in such a way that it 
will be possible to test different sampling procedures obtained by varying the sampling 
intensities. Note however, that these simulations will be constructed on the basis of some 
strong assumptions on the way the infection sources of PW are distributed in the fields. Finally, 
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we will present some suggestions of alternative ways to sample and to characterize the 
infection of PW under the Danish field conditions. 
 
The current sampling procedure and some alternatives 
 
The sampling procedure currently adopted in Denmark consists of collecting soil samples in a 
rectangular grid of points evenly spaced by 3m along the direction perpendicular to the 
cultivation direction and 20m along the cultivation direction. The sequence of samples are 
taken following the direction perpendicular to the cultivation direction; if the end of the field is 
reached, the sampling path is moved 20m in the direction of the cultivation direction. Every 60 
soil-samples are physically pooled and analysed for determining the abundance of PW spores 
measures as the number of PW spores/100g soil. This procedure is then repeated for covering 
the whole field. We call each of the groups of 60 pooled soil samples a stratum of the field. In 
this way, a stratum represents an area of 20mx3mx60= 3,600m2. Taking samples in this way 
yields a sampling intensity of 10,000*60/3,600≈167 samples/ha. 
 
A variant of the sampling procedure described above in which the sampling intensity is 
reduced to the half (i.e. the points are spaced 6m along the direction perpendicular to the 
cultivation direction) has also been applied in Denmark. When using this procedure each 
stratum represents an area of 20mx6mx60= 7,200m2, corresponding to a sampling intensity of 
10,000*60/7,200≈83 samples/ha. Furthermore, questions have been raised about the 
consequences of  reducing even more the sampling intensity by adopting a grid with points 
spaced by 12m along the direction perpendicular to the cultivation direction, yielding a 
sampling intensity of 10,000*60/14,400≈42 samples/ha. 
 
The main question we will be concerned with in this report is to estimate the consequences of 
adopting the rectangular grid sampling procedure described above with different sampling 
intensities. In particular we will evaluate the consequences of using the following sampling 
intensities: 600, 180, 167, 83 and 42 samples/ha (see Table 1). Note that the intensity of 180 
samples/ha is the recommendation of EPPO standard.  
 
 

 
Sampling Intensity 

 
Grid  

Area represented by a stratum  
with 60 pooled samples  

42 12m X 20m 14,400 m2 

83  6m X 20m 7,200 m2 
167 (current standard) 3m X 20m 3,600 m2 
180 2.77m X 20m  3,324 m2 
600 0.833 X 20m 1,000 m2 

 
          Table 1 – Characteristics of the sampling grids based on a rectangular grid with different spacing between points, 

yielding different sampling intensities. 
 
An additional question briefly discussed here is whether it would be advantageous to use a 
quadratic grid (i.e. a grid with the same sampling spacing in the direction of the cultivation and 
in the direction perpendicular to the cultivation direction) as compared to the rectangular grid 
described above. Putting this question in another way, we will briefly discuss whether it would 
be advantageous to reduce the distance between the sample points in the grid in the direction 
of the cultivation. 
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In order to answer these two questions it is necessary to take into account the way the fields 
are classified and the distribution of the sources of PW infection in the field (see below). 
 
The classification of the level of PW infection of a field 
 
According to general recommendations from NAER (2015) a Danish field can be classified into 
four categories of the PW infection level.  Different classifications of a field yield different 
quarantine penalties. The categories of PW infection are:  

 Type A – the field contains at least one stratum with more than 500 counts of spores of 
PW per 100g of soil (500 included) 

 Type B - the field stratum with the larger number of detected spores has 5-500 
spores/100g soil (5  included). 

 Type C - the field stratum with the larger number of detected spores has less than 5 
spores/100g soil 

 Negative – all the investigated strata presented 0 spores/100g soil. 
 
Note that the classification criterion described above is kept fixed even when the sampling 
intensity is reduced (e.g. when the sampling intensity is halved from ≈ 167 to ≈ 83 
samples/ha). 
 

In this report we estimate the probability of wrongly classifying a field when different 
intensities sampling are used under different scenarios. In particular we will estimate the 
probability of obtaining false negative classifications of fields. 
 
 
The distribution of PW infection and the size and shape of infection focuses of PW in the 
fields 
 
The general consequences of the heterogeneous distribution of the PW infection 
 
It is well known that the infection of PW is not homogeneously distributed in the fields, but 
rather the infection typically occurs in concentrated infection focuses (see Pratt, 1976). This 
observation is in fact confirmed by the huge variability observed in the counts of PW spores in 
Danish infected fields. This is an essential fact that should be taken into account when 
designing efficient procedures for detecting PW infections in a field. We argue below that the 
heterogeneous distribution of the PW infection in the field has two main consequences: 1) the 
probability of not hitting an existing PW focus (or hitting only the borders of the focus with low 
infection potential) might increase substantially when we reduce the sampling intensity by 
taking less close sampling points, this might result in a under estimation of the infection 
intensity; 2) the criterion used for classifying the fields might be seriously distorted when we 
reduce the sampling intensity, this might make the classifications obtained with different 
sampling intensity not comparable. 
 
Suppose that a stratum contains a focus of a single PW focus with width much smaller than the 
distance between two sampling points, then the probability of not hitting the focus or only 
hitting the extremes of the focus will be clearly non-negligible, implying in a tendency to under 
estimate the level of infection in that stratum. The amount of this effect clearly depends on the 
size and shape of the PW focus. We will try to estimate this effect in this study using the 
information on some evaluations of Danish fields infected with PW. 
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The sampling procedure currently used involves the pooling of 60 physical neighbour samples. 
This is a reasonable procedure provided that the 60 physical samples are of (approximately) 
the same size and that the samples are well mixed. In that case, the samples will represent the 
mean infection level of the corresponding stratum (i.e. the area of the field that they represent). 
Note that if the infection source is homogeneously distributed in the field (or in the part of the 
field represented by a stratum), then the estimated number of spores/100g soil will represent 
the mean infection potential in this stratum (number of spores/100g soil), which will also be a 
reasonable estimate of the maximum infection intensity in the stratum. Therefore, under 
homogeneous distribution of the infection it would not matter if the area of the stratum is 
larger or smaller. On the other hand, if the infection of PW is not homogeneously distributed in 
the field (or in the stratum), say due to the presence of infection focuses or hot spots with high 
infection potential, then the estimated number of spores/100g soil will still represent the mean 
infection potential but this mean will be smaller than the maximum infection potential found in 
the centre of the infection focus. Moreover, the maximum infection potential of the stratum will 
be more under estimated in larger strata as compared to smaller strata, since the high 
abundance of spores present in the infection focus would be diluted by the samples with lower 
spore counts located far from the focus. As a consequence, if the PW infection potential is not 
homogeneously distributed in the field (which is often the case), then the criteria used to 
classify the field (using fixed limits for the maximum of counts per stratum) will not be 
comparable when using different sampling intensities. The direction of this distortion is that 
smaller sampling intensities will tend to classify the fields as having a milder infection level of 
PW. We will demonstrate and quantify that in the simulated scenarios by showing that the 
estimates of the maximum infection level of the fields decrease very much when the sample 
intensity also decreases.  
 
Further consequences of pooling the samples in the presence of heterogeneous distribution of the 
PW infection in the fields 
 
One of the consequences of the pooling of the soil samples (in groups of 60 samples) in each 
stratum is that it is difficult to infer the shape, the size and the position of the focus of PW 
infection in the fields. Here there are two problems: First, it is not possible to locate the 
position of the focus in the stratum. We know that a stratum presenting large counts probably 
contains a focus, but it is not possible to know neither how the PW infection is distributed 
inside the stratum nor where the focuses (if any) are located in the stratum; second, in the case 
that a stratum is such that the end of the field is reached, we do not know whether the high 
number of (total) counts of this stratum is due to a focus with very many counts or a focus of 
medium number of counts that is sampled twice due to the way we dispose the sampling path. 
 
Inferring the size and shape of the PW focuses 
 
Here we make some rough estimates of the sizes of the focuses of PW infection in the fields 
based on two types of sources: First we use a data set presented in Pratt (1976) where spores 
counts for points disposed in a regular quadratic grid in the field are given; second, we use 
some data collected in seven infected fields in Denmark where samples where collected in a 
3m x 20m rectangular grid (167 samples/ha) and pooled in groups of 60 samples as described 
below. The data of Pratt (1976) will be used to (roughly) estimate the mean gradient of decay 
of spore counts in the direction of the cultivation and in the direction perpendicular to the 
cultivation direction. Similar calculations are not possible to be done with the Danish data, 
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because the samples were pooled; however, in some cases it will be possible to estimate the 
magnitude of the rate of decay of the spore counts along the cultivation direction. 
 
The data described in Pratt (1976) consists of counts of PW spores of 12 points disposed in a 
(approximately) quadratic 50m x 50m grid. There are two points with very large counts (as 
compared to the counts obtained in the rest of the grid) interpreted here as two focuses of PW: 
one located in the upper right corner of the field (point 12) and one in the second row left 
corner. We (roughly) estimate the mean gradient of in the direction of the cultivation (i.e. the 
mean decay per m) as the linear variation of the counts between the points 12 to 11, that is the 
mean rate of decay in the direction of the cultivation is estimated by (54-824.25)/50 ≈ -15.4 
Counts/m. Here, 824.25 is the mean number of counts obtained at the point 12, 54 are the 
counts at the next point in the direction of the cultivation and 50 is the distance between the 
two points considered. An analogue calculation yields that the rate of decay in the direction 
perpendicular to the cultivation direction is estimated by (4-824)/50 ≈ -16.4 Counts/m. We 
will use these estimates to simulate the way a PW focus is fades out in the field. Note that to 
assume that the counts decay linearly as we move from the centre of an infection focus is a 
rough simplification, the pattern of counts fading is probably sub-linear (e.g. if it depends on a 
Gaussian diffusion), so that the effect of clustering of the infection potential in the field will be 
sub-estimated. However, this means that the loss of detection power occurred when one 
reduces the sampling intensity will be more drastic than what we will report here (but this will 
be enough to obtain a conclusion). 
 
We next estimate the rates of decay in the direction of the cultivation using the available data 
on Danish fields. We will take advantage that for some fields we know that the strata are 
disposed as parallel bands (perpendicular to the cultivation direction) and we have the total 
number of counts for these strata. Here we will make implicitly the strong assumption that 
there is only one PW focus in the strata with large counts. The results of these estimates for 
several strata are presented in Table 2. Here we illustrate the calculations for estimates of the 
rate of decay of counts (gradient) based on the stratum (14051616) in the Danish field 101-0 
(see Figure 1). This stratum presented 395 counts of spores/100g soil and the neighbour strata 
presented 0 counts; the mean decay was estimated as (0-622)/20 = -31.0 counts/m.  
 
Note that the estimates of the rate of decay in the Danish fields are all considerably larger than 
the estimates based on the field data presented in Pratt (1976). Indeed, the mean of the mean 
rate of decay in the two Danish fields (evaluated in 5 different strata) is 30.8 counts/m. Using 
this mean decay we can estimate that the length (in the direction of the cultivation) of a typical 
PW focus with 500 spores/100g soil in its centre is predicted to be 2*500/30.8 ≈ 32.5m. In 
this way, since it is used a distance between samples of 20m in the cultivation direction, if the 
centre of the focus is placed 10m from the sample path (i.e. in the worst position, just at the 
same distance to two sampling paths) then instead of estimating around 500 spores/100g soil 
one would estimate around 500-(30.8*10) ≈ 192 spores/100g soil, i.e. in the worst case we 
would have a loss of 61.6% of the counts (and definitely miss classify the field if this stratum 
represents the area with stronger PW infection). We will quantify better this loss in the 
detection power by simulating a range of scenarios emulating the Danish infected fields for 
which we have information. Nevertheless, the rationale given above together with the 
estimates of the rate of decay of counts presented in table 2 strongly suggests that the 
detection power of the sampling procedure adopted in Denmark is expected to be significantly 
improved by reducing the distance between samples in the cultivation direction, e.g. by 
adopting a quadratic grid. 
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Field 
(stratum id) 
[Counts change] 

 
 
Mean rate of decay  
of counts (Counts/m) 

 
Length of a focus with  
500 counts along the  
cultivation direction (m) 

Length of a focus with  
500 counts  
perpendicular to the 
cultivation direction (m) 

Pratt (1976) -15.4  (cult. direction) 
-16.4 (perp. to cultiv. )  

32.5  
30.5 

101-0 
(14051616) 

[622->0] 

 
-31.1 

 
32.2 

 
30.2 d 

101-0 
(14051648) 

[395->0] 

 
-19.8 

 
50.6 

 
47.4 d 

101-0a 
(14050255) 
[882->50] 

 

 
-38.6 

 
26.0 

 
24.4 d 

101-0b 

(14050255) 
[882->136] 

 
-34.3 

 
29.2 

 
27.4 d 

93-0 
(14057068) 
[1224/2 ->4] 

 
-30.4 

 
32.8 

 
30.8 d 

5-0e,f 

(14063214) 
[149->7] 

[149->14] 

 
-7.1 

 
-6.7 

 

 
70.4 

 
74.1 

 
66.12d 

 
69.56d 

 
Mean DKg 

 

 
30.8 

 
32.4 

 
30.4 

 
Table 2 – Estimated mean rate of decay of counts and dimensions of a focus with 500 spores/100g soil in the centre of the 
focus calculated assuming a linear decay according to the rate of decay (gradient). Three Danish fields 2014 (101-0, 93-0 
and 5-0) compared with a field in UK in 1969 (Pratt, 1976). 
 
a Estimates in the orientation S-N, based in a stratum with 882 counts, decaying to 50 counts in the neighbour stratum. 
b Estimates in the orientation N-S, based in a stratum with 882 counts, decaying to 136 counts in the neighbour stratum. 
c The counts of this stratum where divided by 2 since it seems that the sampling path crossed the field twice. 
d The length of the focus in the direction perpendicular to the cultivation for the Danish fields are estimated assuming that 
the ratio between the rate in the direction of the cultivation and the perpendicular direction to the cultivation for the Danish 
fields is the same as the ratio between the rates in the field described in Pratt (1976). 
e,f Referred to the gradient from the same stratum in two opposite directions 
g Mean excluding the field 5-0. 
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Monte Carlo simulation of a field for studying sampling procedures constructed with 
different sampling intensities 
 
Method of simulation (inhomogeneous Poisson process) 
 
In order to quantify a range of consequences of varying the sampling intensity, we constructed 
a system of simulating a field infected with PW. The simulated field is constructed in such a 
way that it emulates seven real infected fields located in Denmark (namely the fields referred 
as 101-0, 93-0, 56-0, 107-0, 91-0, 42-0 and 5-0) for which we have data on counts of spores per 
each stratum (sample intensity of 167 samples/ha). Our system simulates each stratum in the 
field in such a way that the simulated stratum has the same expectation of counts as the real 
observed stratum. The simulated stratum was obtained using a suitable inhomogeneous 
Poisson distribution constructed in such a way that it represents a stratum containing one 
single infection focus with a centre position randomly varying; the intensity of the Poisson 
process decays linearly from the centre following a given mean rate of decay (-30.8 counts/m 
for all fields except for field 5-0 which we used the mean decay of  -6.925 counts/m). The 
intensity parameter at the centre of the focus was calculated in such a a way that the sum of the 
intensities of all the entire stratum, i.e. the expected value of the stratum, coincided with the 
observed number of counts of the corresponding stratum of the field being simulated. The 
simulated strata were constructed in such a way that we had simulated counts for each 0.1m in 
a linear sampling path running along the stratum. This simulated data was constructed in such 
a way that we could emulate sampling procedures using different sampling intensities.   
 
For each simulated field the (simulated) number of counts of the strata with the largest value 
was recorded when sampling with a given sampling intensity. Each field was then simulated 
10,000 times and the results of these simulations were used to estimate: the maximum number 
of counts among the strata of the field, a confidence interval (with 95% coverage) for the 
maximum number of counts among the strata of the field (see Table 3), the probability of 
obtaining a false negative (i.e. not detecting PW in a infected field, see Table 4), the 
probabilities of classifying the fields as type A, B and C (see Tables 5, 6 and 7, respectively). 
 
 
Estimating the bias introduced by reducing the sample intensity 
 
Table 3 displays the Monte Carlo predictions of the number of counts of spores at the stratum 
with largest number of counts for several infected fields when different sampling intensities 
are used. Note that the results obtained when using the sampling intensities 600, 180 and 167 
samples/ha are essentially the same and are very close to the simulate values (in parenthesis 
below the field identifications), indicating that the sampling procedures using those sampling 
intensities are recovering the PW infection efficiently. When the sample intensity further 
decreases, then the recovered numbers of spores decay drastically, indicating a strong 
sampling bias due to the effect of clustering. This effect is so strong that all the fields 
considered here would change classification when the smallest low intensity (42 samples/ha) 
is used and 6 out of the 7 fields analysed here would also change classification when the 
intensity 83 samples/ha is used. This bias suggests that if a reduction of the sampling intensity 
is to be used, then the classification criterion should be changed (or the number of points of a 
stratum).  
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Field 
  600 
samples/ha                 

  180   
samples/ha              

  167 
samples/ha                 

 83  
samples/ha            

 42 
samples/ha 

101-0 
(882) 

  881.9 
 (829.0- 937.0) 

  882.0 
 (824.0- 937.0) 

  881.1  
(825.0- 940.0) 

  217.8 
(49.0-467.0) 

  179.4  
(13.0-446.1)  

93-0 
(1224) 

 1223.9  
(1154.0-1290.0) 

 1224.9  
(1164.0-1294.0) 

 1223.3  
(1159.0-1294.0) 

  253.5 
(69.0-622.0) 

  168.7  
(0.0-633.0)  

56-0 
(66) 

   65.8 
 (51.0- 82.0) 

   65.9  
(51.0- 82.0) 

   66.0  
(50.0- 83.0) 

    5.0 
 (0.0-37.0) 

    4.2  
(0.0- 35.0)  

107-0 
(8) 

    6.2 
 (4.0-10.0) 

    6.3  
(4.0-10.0) 

    6.2  
(4.0-10.0) 

    1.9  
(0.0- 6.0) 

    1.9  
(0.0-6.0)  

91-0 
(5) 

    5.7  
(4.0-8.0) 

    5.8 
 (4.0-9.0) 

    5.8 
 (4.0-8.0) 

    1.7 
 (0.0-6.0) 

    1.7  
(0.0-5.0)  

42-0 
(5) 

    5.7  
(4.0-8.0) 

    5.8  
(4.0-9.0) 

    5.8 
 (4.0-8.0) 

    1.7 
 (0.0-6.0) 

    1.7 
 (0.0-5.0)  

5-0 
(149) 

  149.7 
 (127.0- 175.0) 

  149.3 
 (126.0-173.0) 

  148.5  
(125.0-171.0) 

   16.2  
(0.0-74.0) 

   12.8  
(0.0-73.0)  

 
Table 3 – Monte Carlo prediction (based on 10,000 simulations) of the mean number of counts with sampling 
intensities of 600, 180, 167, 83 and 42 samples/ha for seven infected fields in Denmark 2014 (in parenthesis a Monte 
Carlo confidence interval with 95%coverage, 1,000 Monte Carlo simulations). In parenthesis below the field 
identification at the first column it is displayed the number of counts of spores at the stratum with largest number of 
counts observed in the field used as a basis for the simulations. 

 
 
 
Estimating the probability of obtaining false negative results and the probability of wrong 
classification 
 
The bias introduced when the sample intensity is reduced affects naturally also the probability 
of observing false negative classifications. Table 4 below displays Monte Carlo predictions of 
these probabilities in a scenario representing several observed infected fields in Denmark, 
when using different sampling intensities. Clearly, the probability of wrongly declaring a field 
free of PW is very small in the highly infected fields (e.g. the field 101-0 and 93-0, although the 
probability of false negatives is predicted to be 16% in field 93-0 when using 42 samples/ha). 
The probability of not detecting PW is insignificant in all the considered scenarios when using 
the intensities 600, 180 and 167 samples/ha; however, when using the low intensity sampling 
(83 or 42 samples/ha) the probabilities of not detecting PW are definitely not negligible in the 
scenarios representing fields with medium infection intensity (e.g. the fields 56-0 and 5-0) and 
fields with low infection intensity (e.g. the fields 91-0 and 42-0). The probability of not 
detecting PW can amount to the order of 40% when reducing the sampling intensity (to 83 or 
42 samples/ha). Note that the issue of not detecting PW cannot be alleviated by simply 
modifying the field classification criterion (as it was the case for the bias discussed above); 
therefore we do not recommend reducing the sampling intensity.  
Tables 4-7 display the probabilities of obtaining different classifications when different 
sampling intensities are used. 
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Field 
Field 
Type 

  600 
samples/ha                 

  180   
samples/ha              

  167 
samples/ha                 

 83  
samples/ha            

 42 
samples/ha 

101-0 
(882) 

 
A 

 
0.00 0.00 

 
0.00 0.00 0.00 

93-0 
(1224) 

 
A 

 
0.00 0.00 

 
0.00 0.00 0.16 

 56-0 
(66) 

 
B 

 
0.00 0.00 

 
0.00 0.24 0.31 

107-0 
(8) 

 
B 

 
0.00 0.00 

 
0.00 0.34 0.33 

91-0 
(5) 

 
B 

 
0.00 0.00 

 
0.00 0.38 0.37 

42-0 
(5) 

 
B 

 
0.00 0.00 

 
0.00 0.40 0.43 

5-0 
(149) 

 
B 

 
0,00 0.00 

 
0.00 0.20 0.29 

 
 
Table 4 – Estimated probability of classifying a field as negative (i.e. false negative) with sampling intensities of 
600, 180, 167, 83 and 42 samples/ha for seven infected fields in Denmark  2014 (Monte Carlo estimates based on 
10,000 simulations). In parenthesis below the field identification at the first column it is displayed the number of 

counts of spores at the stratum with largest number of counts observed in the field used as a basis for the simulations. 
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Field 
Field 
Type 

  600 
samples/ha                 

  180   
samples/ha              

  167 
samples/ha                 

 83  
samples/ha            

 42 
samples/ha 

101-0 
 

A 
 

1.0 1.0 
 

1.0 0.0 0.0 

93-0 
 

A 
 

1.0 1.0 1.0 0.1 0.1 

  
56-0 

 
B 

 
0.0 0.0 

 
0.0 0.0 0.0 

 
107-0 

 
B 

 
0.0 0.0 

 
0.0 0.0 0.0 

  
91-0 

 
B 

 
0.0 0.0 

 
0.0 0.0 0.0 

 
 42-0 

 
B 

 
0.0 0.0 

 
0.0 0.0 0.0 

  5-0 
 

B 
 

0.0 0.0 
 

0.0 0.0 0.0 

 
Table 5 – Estimated probability of classifying a field as type A with sampling intensities of 600, 180, 167, 83 and 42 
samples/ha for seven infected fields in Denmark (Monte Carlo estimates based on 10,000 simulations). 

 
 
 
 

Field 
Field 
Type 

  600 
samples/ha                 

  180   
samples/ha              

  167 
samples/ha                 

 83  
samples/ha            

 42 
samples/ha 

101-0 
 

A 
 

0.00 0.00 
 

0.00 1.00 0.98 

93-0 
 

A 
 

0.00 0.00 
 

0.00 0.92 0.61 

  
56-0 

 
B 

 
0.00 0.00 

 
0.00 0.24 0.17 

 
107-0 

 
B 

 
0.67 0.66 

 
0.66 0.04 0.04 

  
91-0 

 
B 

 
0.53 0.56 

 
0.55 0.03 0.02 

 
 42-0 

 
B 

 
0.52 0.53 

 
0.53 0.03 0.02 

  5-0 
 

B 
 

1,00 1.00 
 

1.00 0.57 0.45 

 
Table 6 – Estimated probability of classifying a field as type B with sampling intensities of 600, 180, 167, 83 and 42 
samples/ha for seven infected fields in Denmark 2014 (Monte Carlo estimates based on 10,000 simulations). 
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Field 
Field 
Type 

  600 
samples/ha                 

  180   
samples/ha              

  167 
samples/ha                 

 83  
samples/ha            

 42 
samples/ha 

101-0 
 

A 
 

0.00 0.00 
 

0.00 0.00 0.02 

93-0 
 

A 
 

0.00 0.00 
 

0.00 0.00 0.12 

  
56-0 

 
B 

 
0.00 0.00 

 
0.00 0.32 0.36 

 
107-0 

 
B 

 
0.33 0.34 

 
0.34 0.62 0.63 

  
91-0 

 
B 

 
0.47 0.44 

 
0.45 0.59 0.61 

 
 42-0 

 
B 

 
0.47 0.44 

 
0.55 0.59 0.61 

  5-0 
 

B 
 

0,00 0.00 
 

0.00 0.24 0.26 

 
Table 7 – Estimated probability of classifying a field as type C with sampling intensities of 600, 180, 167, 83 and 42 
samples/ha for seven infected fields in Denmark  2014 (Monte Carlo estimates based on 10,000 simulations). 

 
 

                  

          
 
Figure 1 – Disposition of the strata in the field 101-0. 
 
 


	Følgebrev_kartoffelbrok_tema2_290515
	Notat_kartoffelbrok_tema_2_290515

