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In	a	project	financed	by	Miljøstyrelsen	(Danish	EPA)	new	models	for	control	of	Septoria are being de- 
veloped and tested. The decision support system Crop Protection Online (CPO) has for many years been 
recommending treatments for control of Septoria based on days with precipitation. Treatments are 
recommended if 4 days with rain (> 1 mm) have occurred starting at GS 32. If the crop has been treated, 
the crop is seen as protected for 10 days before a new risk period is initiated. A new model based on leaf 
wetness and periods with high relative humidity is being investigated as an alternative to the existing 
model along with a more complex growth model. In order to test the new models trials have been car-
ried out at 3 localities in 2016. One trial was located at Flakkebjerg, one near Horsens (LMO) and one 
at Holeby (Lolland). Disease data from the trials are given in Table 1 and yield data in Table 3. The 
treatment using the complex growth model recommended an early treatment at all localities in April at 
GS 31-32. In Jutland a second treatment was recommended using Model 1. The humidity model (Mo-
del 2) recommended a treatment at all 3 localities following an event with 20 hours with 85% relative 
humidity. Finally CPO was recommending 1 treatment in Jutland and Flakkebjerg but none at Lolland 
(Table 2). Different treatments were used in comparison with the different models, using Bell at 3 dif-
ferent timings. 

The conclusion from this year’s trials are that the humidity model and CPO recommended very similar 
input at two sites (Horsens and Flakkebjerg) but in Lolland where the season was very dry CPO did 
not recommend a treatment, which was the right choice based on yield data from this season. Model 1  
probably missed the best timing at Flakkebjerg and Lolland. But at Horsens the two timings gave a good 
gross yield, but a less good net yield (Table 3). 

Table 1. Detailed yield data from the 3 validation trials carried out in 2016. 

Treatments l/ha % Septoria Yield and yield TGW
GS 

32-33
GS

37-39
GS
55

GS 71
leaf 2

GS 75
leaf 2

GS 77
leaf 1

hkg/ha ghkg/ha

1. Untreated 2.6 29.3 27.9 86.7 43.0
2. Bell 0.5 Bell 0.5 Bell 0.5 1.2 12.9 14.5 4.4 44.9
3. Bell 0.5 1.4 12.0 17.1 4.1 44.4
4. Bell 0.5 Bell 0.5 1.4 12.0 14.7 5.0 44.5
5. Bell 0.5 Bell 0.5 Bell 0.5 1.3 10.6 12.7 4.7 45.8
6. Model SIM 1.6 22.2 15.0 2.6 44.0
7. Humidity model 2.1 16.4 19.7 3.7 44.8
8. CPO 1.8 12.4 18.4      3.6       44.3

3 3 3       3 3
LSD95 0.9 5.5 4.1 3.2
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The validation trials will continue in 2017. The platform used for organising the humidity platform is 
shown in Figure 1 and made available through Landbrugsinfo.

Table 2. Detailed dates for application in models. 

Flakkebjerg LMO Holeby
SIM model 10 May 10 May + 7 June 4 May
Humidity model 26 May 26 May 27 May
PVO 24 May 26 May None

Table 3. Detailed yield data from the 3 validation trials carried out in 2016. 

 16300-1 16300-2 16300-2
GS 

32-33
GS 

37-39
GS
55

Yied and 
increase

dt/ha

Cost     
dt/ha

Net yield
dt/ha

Yied and 
increase

dt/ha

Cost
dt/ha

Net yield
dt/ha

Yied and 
increase

dt/ha

Cost
dt/ha

Net yield
dt/ha

1. Untreated 80.6 90.4 89.3
2. Bell 0.5 Bell 0.5 Bell 0.5 9.5 5.8 3.7 5.0 5.8 -0.8 -1.3 5.8 -7.1
3. Bell 0.5 2.9 2.9 6.0 4.9 2.9 2.0 -1.4 2.9 -4.3
4. Bell 0.5 Bell 0.5 10.5 5.8 4.7 4.3 5.8 -1.5 0.1 5.8 -5.7
5. Bell 0.5 Bell 0.5 Bell 0.5 10.8 8.7 2.1 4.8 8.7 -3.9 -1.4 8.7 -10.1
6. Model SIM 3.7 2.9 0.8 6.3 5.8 0.5 -2.1 2.9 -5.0
7. Humidity model 7.3 2.9 4.4 3.9 2.9 1.0 0 2.9 -2.9
8. CPO 8.2 2.9 5.3 4.5 2.9 1.6 -1.9 0 -1.9
LSD95 5.9 3.6 NS

Figure 1. Measurements from a climate station are included on a prototype platform with the aim of 
developing a new Septoria	 risk	model.	The	project	 is	financed	by	 the	Danish	Environmental	Protec-
tion Agency. The platform helps to optimise the timing of spraying against Septoria and visualise when 
spraying is needed or when the crop can be expected to be protected.
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Collecting spores of Septoria 
During the season spores were trapped in 4 Burkard spore traps placed at 3 different sites. One near Ho-
leby – Lolland, 1 near Gedsergaard, 1 at the trial site at Horsens and 2 at Flakkebjerg – 1 outside and 1 in 
the	crop	(Table	4).		The	sampler	collects	airborne	particles	by	impaction	onto	a	sticky	tape,	which	is	fixed	
onto a rotating drum. Every week the tapes were changed and cut into pieces, which each represent one 
day. For each day a QPCR test was run to measure the quantity of Septoria spores collected on the tape. 
This provides a picture of the spore concentration released during the season, which again might have 
an impact on the disease epidemic. Two types of spores are produced – ascospores and pycnidia spores.  
Ascospores are windspread while pycnidia spores are mainly splashborne. The QPCR method cannot 
separate the two spore types, but from other studies the majority of spores are known to be ascospores. 

The analysis and graphs indicate that minor release of spores takes place during most of the season (Fig-
ures 2-5).  In certain intervals major peaks of release has taken place. This is particularly seen in August 
at	Flakkebjerg	(Figures	2	+	3).	Higher	numbers	are	seen	from	the	spore	trap	placed	in	the	field	compared	
with	the	one	placed	outside	the	field.	But	both	follow	the	same	pattern.	

From literature increases in spore release have been linked to periods with wet conditions few days prior 
to releases. Negative correlations have been found to sun radiation and high temperatures, which inhibit 
spore releases. In agreement with other investigations this investigation also showed small releases of 
spores throughout the season. Peaks of spores occurring in late summer and autumn are known to be of 
major importance for the carryover effect of Septoria from one season to the next.

Table 4. Localities and periods at which spores have been collected. 

Pycnidia spores from Zymoseptoria tritici. Ascospore from Zymoseptoria tritici.

Start of collection End of collection
Flakkebjerg 1 near wheat crop 21 April 10 November
Flakkebjerg 2 placed in a wheat crop 21 April 10 November
LMO placed close to a wheat field 22 April 12 July
Gedsergaard – Gedser. Used for collection of beet pathogens – 
but used similarly for Septoria 

29 June 30 September 

Holeby - Lolland. Used for collection of beet pathogens – but 
used similarly for Septoria

8 April 21October
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Photoes	and	illustration	of	a	Burkard	7-day	volumetric	spore	trap	located	in	the	field.	The	trap	is	link-
ed to a vacuum pump and airborne particles are impacted onto a sticky tape, which rotates at a speed 
equivalent to 1 week. Bottom left shows a collection of spores caught on the tape.



89

Figure 2. Spores collected by 2 spore traps placed at Flakkebjerg during the growing season 2016.
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Figure 3. Spores collected by 2 spore traps placed near Horsens and at Gedsergaard in Falster during 
the growing season 2016.
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Figure 4. Spores collected by 2 spore traps placed near Holeby in Lolland during the growing season 
2016.
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Different levels of Septoria attack. 
Slight levels of attack can be accepted 
at GS 75, without major losses.

3-5% Septoria is regarded as accept-
able. (Photo: Ghita C. Nielsen).

10% Septoria is seen as slightly too 
much. (Photo: Ghita C. Nielsen).

50% Septoria – assessed at GS 75 is 
considered to clearly reduce yield. 
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Quantification of Septoria (Zymoseptoria tritici) DNA in wheat leaves 
During the season leaves were collected with regular intervals and leaves were divided into leaves with 
visible attack and leaves without visible attack. At each sampling time growth stage and the level of Sep-
toria was assessed on each of the leaf layers. 

Figure 5. Link between DNA and % attack of Septoria. Data from Flakkebjerg and LMO in the cultivar 
Hereford. Low = Lower leaves with attack; Over = top leaves without attack.  
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DNA was extracted from the leaf samples, and by using QPCR the level of Zymoseptoria tritici was  
measured. A clear gradient across the canopy indicates a higher level of attack on the lower leaves than 
on the upper leaves.  The DNA analysis gave 18 cases of pre-symptomatic readings – based on readings 
from leaves which still had no visible attack, indicating that the DNA method can detect latent attack.  

Generally a good link between disease severity and DNA measurement was seen as shown in Figures 
5-8		from	specific	cultivars	and	localities.	In	a	few	cases	for	the	late	growth	stages	only	moderate	DNA	
content was seen despite assessments of severe attack.  Part of this poor correlation might be due to the 
leaves being very dry and senescent for this very late assessment.   

Figure 6. Link between DNA and % attack of Septoria in Torp. Data from Holeby from a locality with 
low levels of diseases. Low = Lower leaves with attack; Over = top leaves without attack.  
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Figure 7. Link between DNA of Z. tritici and % attack of Septoria in the cultivar Sheriff. Data from 
Flakkebjerg and LMO. Sheriff is much less susceptible than Hereford. Low = Lower leaves with attack; 
Over = top leaves without attack.
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Figure 8. Correlation between DNA and visual assessments of Septoria in two cultivars (DNA 1). Link 
between two DNA measurements. 




