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Abstract
Due to low infection pressure of late blight (Phytophthora infestans) in the second half of July 2016 
there was in general a slow disease development of late blight at Aarhus University (AU) Flakkebjerg 
and it was not until mid-August that severe attacks were seen in most of the trials. Spraying with Banjo 
Forte, Vendetta, Revus or Carial Flex at 7-day or 14-day intervals had a very high impact on late blight 
with	overall	97-99%	control	with	no	significant	differences	between	products	or	spray	intervals	(7	days	
and 14 days). In order to test the effect of Proxanil and Cymbal on established lesions of late blight, a  
trial was set up almost in the same way as in 2014 and 2015. The trial demonstrated that applying a cu-
rative	spray	at	the	right	time	(low	level	of	attack)	can	reduce	the	development	of	late	blight	significantly	
when followed up by weekly sprayings at full dose. Trials were also carried out to investigate different 
spray strategies to control early blight (Alternaria solani). The trials with early blight were inoculated 
*in late June. The development of early blight was slow in the month of July, mainly because of dry wea-
ther. However, from the beginning of August, favourable weather conditions coupled with the potatoes 
reaching a very susceptible age accounted for an increase in early blight attack. Spray strategies with 
Revus Top, Amistar, Vendetta, Signum and Narita (+ additive) had a high impact on Alternaria with 
overall	85-91%	control.	The	only	significant	difference	was	the	lower	effect	(75%	control)	after	delaying	
the start of spraying by 15 days in the 2 x Revus Top + 2 x Amistar strategy. The spraying was done on 
19 July when the attack of Alternaria was approximately 0.1-2% in the plots of this treatment. In a 
spray programme testing anti-resistance strategies spraying was carried out three times with different 
products. Amistar, Signum WG and Vendetta each had a high impact on Alternaria with overall 85-
88%	control.	Spraying	with	Revus	Top	had	a	significantly	lower	effect	(65%	control).	Dithane	NT	had,	
as	expected,	an	effect	of	47%	control,	which	was	significantly	lower	than	the	effect	of	the	other	products.	
From the level of control by using Amistar it can be seen that the Alternaria population at Flakkebjerg 
was susceptible to strobilurin fungicides. Spraying with Revus Top – Amistar – Signum WG resulted in 
a very high level of control (89% control), at the level of Amistar, Signum WG or Vendetta. However, the 
strategy	Dithane	NT	–	Revus	Top	–	Signum	WG	had	a	significantly	lower	effect	(72%	control).	A	trial	
was set up in order to evaluate the effect on Alternaria of Revus Top, Amistar, Signum WG, Vendetta 
and Narita in combinations with either Ranman Top or Revus. Spraying was done two times at 14-day 
spray	 intervals.	The	first	 spraying	was	done	before	first	 symptoms	were	 recorded.	There	was	a	high	 
level of control of two sprayings early in the season with Amistar and Vendetta (susceptible population) 
with overall 90% control and 81% control respectively. The effect of Signum WG at two sprayings was a 
little lower (68% control). Spraying with difenoconazole products two times early in the season had in 
general a less long-lasting effect (Narita 0.4 l/ha + Ranman Top 0.5 l/ha: 58% control and Revus Top: 
51% control). Combining Narita 0.4 l/ha with either Ranman Top or Revus showed best effect for the 
combination with Ranman Top (58% control) compared with the combination with Revus (45% con-
trol). There was a clear dose response using 0.4 l/ha and 0.6 l/ha of Revus Top sprayed two times early 
in the season. Yield increase after spraying against Alternaria was in the different trials 2-12% for tuber 
yield and 2-15% for starch yield.

Materials and methods
The potato trials were carried out at AU Flakkebjerg on sandy clay loam (JB 5-6) with a randomised 
complete block design and 4 replicates in the starch varieties Kuras and Eurogrande. Plot size was 3.75 x 
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9 m (Alternaria) or 3.75 x 8 m (late blight) with net yield plots of 15.75 m2 or 14.6 m2. The potatoes were 
planted	in	the	last	days	of	April	and	emerged	on	1	June.	 The	late	blight	trials	were	artificially	inoculated	on	
9 July by spraying a sporangial suspension of P. infestans (1000 sporangia/ml) over spreader rows be-
tween the blocks. The Alternaria trials	were	artificially	inoculated	on	29	June	with	autoclaved	barley	
seeds inoculated with A. solani and A. alternata placed in the furrow between the plants.

Spraying was begun according to the protocols, and the spray technique was 300 l water/ha, Hardi ISO 
MD 025 nozzle and 3 bar. During the season the plots were assessed at weekly intervals for the extent of 
potato late blight (P. infestans) and early blight (Alternaria solani & A. alternata). Each plot was scored 
as a whole for % disease severity (percentage coverage of all green leaves; EPPO guideline PP 1/2 (4), 
2012). All	plots	were	assessed	during	the	whole	season	or	until	100%	disease	in	the	specific	plot.

After harvest the starch content was determined by measuring weight under water of dry matter (% 
starch = dry weight – 5.75). Tuber blight was assessed as percentage of tubers affected by tuber blight on 
minimum 100 tubers per plot after at least 2 weeks and up to 8 weeks of storage under normal conditions.
The trial site was irrigated 4 times (20 mm water) from mid-June to the end of September.

The trials were performed according to EPPO guidelines PP 1/2(4), PP 1/135(3), PP 1/152(3), PP 1/181(3) 
and PP 1/263(1). The data were subjected to analysis of variance and treatment means were separated 
at the 95% probability level using Fisher protected LSD.

Infection pressure for potato late blight (www.skimmelstyring.dk)
The infection pressure for late blight is a running sum of sporulation hours during a 5-day window inclu- 
ding current date, 2-day weather forecast and two days of historic weather (Figure 1). Sporulation hours 
for	potato	 late	 blight	 (HSPO)	 are	 defined	 as	 the	 number	 of	 hours	 in	 periods	 of	 10	 or	more	 hours	
when Rh>88% and the temperature at the same time is between 10°C and 24°C. HSPO is 5 if there are 
10 consecutive hours of Rh>88% and the temperature in 5 of those humid hours is above 10°C. During 
a high infection pressure it is expected that there is a risk of both sporulation and infection. Infection 
pressure: < 20 is regarded as low; 20-40 is regarded as moderate risk and > 40 is regarded as high risk.

Figure 1. Infection pressure (“Infektionstryk”, 5 days running mean), sporulation hours, daily risk values 
DRV (“Daglig risikotal”) for potato late blight, temperature and relative humidity (%) for Slagelse 2016 (10 
km north-west of Flakkebjerg).
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Potato late blight (Phytophthora infestans) 2016
The	trials	at	Flakkebjerg	were	artificially	inoculated	on	9	July	2016	by	spraying	a	sporangial	suspension	
of P. infestans (1000 sporangia/ml) over infector plants in the spreader rows between the blocks. The 
first	attacks	were	seen	in	the	spreader	rows	on	11	July	and	in	the	untreated	plots	of	the	trials	on	14	July.	
Due to low infection pressure of late blight in the second half of July (Figure 1) there was in general a 
slow disease development and it was not until mid-August that severe attacks were seen in most of the 
trials (Figure 2). In 2016 there were differences in the disease development between the different trial 
sites at Flakkebjerg, and in some trials in the variety Eurogrande the disease development was rapid 
from July onwards (Eurogrande 561 in Figure 2). 

The	disease	development	in	2016	began	almost	at	the	same	time	(first	weeks	of	July)	as	in	previous	years	
apart	from	the	late	(and	dry)	year	2013	(Figure	3).	The	first	symptoms	of	late	blight	were	observed	in	
untreated plots at Flakkebjerg on 22 July 2009, 20 July 2010, 15 July 2011, 9 July 2012, 22 July 2013, 16 
July 2014, 31 July 2015 and 13 July 2016. However, in 2016 the progress curve for late blight was more 
linear and did not follow the usual sigmoid curve (Figure 3).

Conditions for development of infection of the tubers were slight to moderate in 2016.

Figure 2. Development of late blight (Phytophthora infestans) in untreated plots at Flakkebjerg 2016. 
D ifferent	trials	with	varieties	Kuras	and	Eurogrande.		Artificial inoculation on 9 July.
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Potato early blight (Alternari solani & A. alternata) 2016
Overview of the field trials
The trials to investigate different strategies to control early blight were carried out at Flakkebjerg, Sunds 
(Western	Jutland)	and	Billund	(Central	Jutland).	The	trials	in	Flakkebjerg	were	artificially	inoculated	on	
29 June 2016 with autoclaved barley seeds inoculated with A. solani and A. alternata with seeds placed 
in	the	furrow	between	the	plants.	The	first	attacks	on	the	lower	leaves	were	observed	between	11	and	
15 July (Figure 4). The weather conditions during the season were generally favourable for early blight 
development, but the occurrence of dry weather on several days in the last two weeks in July restricted 
the development of early blight after the onset. It was during the month of August that we observed an 
increase	in	early	blight	attack.	Due	to	severe	desiccation	it	was	difficult	to	record	the	attack	of	Alternaria 
accurately at the last assessment in September. 

The	 trials	 at	 Sunds	 and	Billund	were	not	 inoculated.	The	first	attacks	at	Sunds	(2	years	potato	 free)	
were	observed	on	21	July.	The	first	early	blight	attacks	were	observed	on	22	July	on	the	potatoes	at	Bil-
lund where potatoes were last grown 8 years ago. The development of Alternaria did not start until early 
August (Figure 4). Development in Alternaria in untreated plots at Sunds in the years 2012-2016 can 
be seen in Figure 6.

Early blight development and the weather
We used the TOMCAST model (Tomato forecaster) (Gleason et al., 1995) to predict how favourable the 
weather would be for early blight attack during the season using leaf wetness and average temperature 
during the leaf wetness hours in a day. We also used the physiological age model (Pdays) (Sands et al., 
1979) to measure the age of the potatoes using minimum and maximum daily temperatures. The age 
of potatoes is important in determining the epidemic rate of early blight on potatoes. The output of the 
Pdays and TOMCAST models are presented in Figures 7 and 8 respectively. 

The	330	Pdays,	which	predict	the	first	occurrence	of	symptoms,	were	reached	on	11	July,	19	July	and	
21 July at Flakkebjerg, Sunds and Billund respectively (Figure 7). At Flakkebjerg, the Pdays predicted 
exactly	when	the	first	symptoms	occurred	on	most	of	the	potatoes	in	the	untreated	plots	(i.e.	11	July)	
(Figure 4 for the disease progress and Figure 7 for the Pdays output).

At	Sunds,	the	Pdays	predicted	the	first	symptoms	to	occur	on	21	July	(Figure	7)	and	the	actual	symptoms	
occurred	on	21	July	(Figure	4).	Thus	Pdays	predicted	the	exact	day	that	the	first	symptoms	occurred.

Figure 3. Development of late blight (Phytophthora infestans) in untreated plots of varieties Dianella 
(2012-2014)	and	Eurogrande	(2015-2016)	at	Flakkebjerg	2012-2016.	Artificial	 inoculation	during	the	
first	10	days	of	July.
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At	Billund,	the	Pdays	model	predicted	the	first	symptoms	to	occur	on	22	July	and	the	first	symptoms	
were observed the same day (22 July) (Figure 4).

In general, the disease progress after the onset of the disease was slow at the 3 locations until the begin-
ning of August. The increase in early blight attack from the month of August onwards was because the 
potatoes reached the critical age (500 physiological age) at the beginning of August (Figure 7). Again the 
TOMCAST	model	showed	that	the	threshold	favourable	for	significant	early	blight	attack	was	reached	in	
August. July was generally less favourable for early blight attack even though some days with moisture 
and favourable temperatures occurred.

The development in early blight at Flakkebjerg in 2016 started almost at the same time as in 2012-2015 
(Figure 5).

Figure 4. Development of Alternaria 2016 in untreated plots at Flakkebjerg, Sunds (Western Jut-
land)	and	Billund	(Central	Jutland).	Artificial	inoculation	at	Flakkebjerg,	natural	infestations	at	Sunds	
and Dronninglund. Variety Kuras.

Figure 5. Development of Alternaria in	untreated	plots	at	Flakkebjerg	2012-2016.	Artificial	inoculation	
by inoculated barley seeds at the end of June. Varieties Kuras and Kardal (2015).



102

Figure 6. Development of Alternaria in untreated plots at Sunds (Jutland) 2012-2016.  Natural in-
festations. Varieties Kuras and Kardal (2015).

Figure 7. The age of the potatoes (variety Kuras) expressed as physiological age (Pdays) from 50% 
emergence at Flakkebjerg, Sunds and Billund. The lower and upper red lines represent the 330 and 500 
Pdays thresholds respectively. The 330 Pdays were reached on 11 July, 19 July and 21 July in Flakke-
bjerg, Sunds and Billund respectively. The 500 Pdays were reached on 1 August, 9 August and 15 August 
in Flakkebjerg, Sunds and Billund respectively.
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Results from field trials 2016
Comparing strategies
The	trial	was	performed	in	Eurogrande	 in	order	to	evaluate	the	efficacy	of	spray	strategies	with	four	
sprays of Banjo Forte (1.0 l/ha), Vendetta (0.5 l/ha), Revus (0.6 l/ha) or Carial Flex (0.6 l/ha) at 7-day 
intervals	or	14-day	intervals	(Table	1).	The	sprayings	were	started	on	13	July	at	the	first	high	risk	pe-
riod for potato late blight (infection pressure for late blight > 40 and late blight present in the region 
(Figure 1). In the period before the high risk period (starting 30 June) and after the sprayings with the 
test products the plots were sprayed with Revus (0.3 l/ha) or Ranman Top (0.25 l/ha) alternating with 
two sprayings of each product. Last spraying was on 31 August. Reference treatment (Treatment 2) was 
Revus (0.6 l/ha) and Ranman Top (0.5 l/ha). 

Spraying with Banjo Forte (1.0 l/ha), Vendetta (0.5 l/ha), Revus (0.6 l/ha) or Carial Flex (0.6 l/ha) at 
7-day or 14-day intervals had a very high impact on late blight with overall 97-99% control with no signi-
ficant	differences	between	products,	spray	intervals	(7	days	and	14	days)	or	Revus/Ranman	Top	sprayed	
at weekly intervals throughout the season (Figures 9-10). There was a trend that Carial Flex had a little 
better effect compared with Banjo Forte, Vendetta or Revus when compared at 7- and 14-day intervals 
(Figure 10).

Late blight attacks on stems were assessed on 2 August by counting the number of stem lesions in the 
two middle rows of the trial. There was a high level of attack of stem blight in the untreated plots (405 
lesions in total on 18 row m of plants). Since the assessments were done on 2 August only the effect after 
the	first	3	sprayings	at	7-day	intervals	and	after	the	first	2	sprayings	at	14-day	intervals	can	be	evaluated.	
There was a high level of control of the attacks on stems after spraying with the different products with 
a trend that the highest effect was obtained after spraying with Carial Flex, Banjo Forte and Revus/
Ranman Top (Figure 11). Tuber yield in untreated was 329.4 dt/ha tubers and 64.5 dt/ha starch with an 
increase in tuber yield of 61% to 73% (tubers) and 79% to 91%% (starch) after spraying with Banjo Forte, 
Vendetta, Revus or Carial Flex (Figure 12). 

Figure 8.	Model	output	of	TOMCAST	DSV	(Disease	Severity	Values)	used	for	the	modified	TOMCAST	
model during the season at Flakkebjerg, Sunds and Billund trial sites. TOMCAST DSV is calculated ac-
cording to the dew model from the FAST model (Forecasting Alternaria of Tomatoes) (Madden et al., 
1978). The horizontal red and black vertical lines represent the 20 DSV thresholds and the day actual 
spraying was done respectively.  
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Table 1. Trial plan for testing spray strategies against late blight (Phytophthora infestans) in potato.  
Spraying	with	Banjo	Forte	(BF),	Vendetta,	Revus	(RE)	and	Carial	Flex	(C	Flex)	was	started	at	the	first	
high risk period of late blight and continued at 7-day or 14-day intervals. Actual dates for the sprayings 
are shown in the table. Variety Eurogrande, Flakkebjerg 2016

RE: Revus (mandipropamid) at 0.6 l/ha or 0.3 l/ha. RanT: Ranman Top (cyazofamid) at 0.5 l/ha or 0.25 l/ha. BF: Banjo Forte (fluazinam + 
dimethomorph) 1.0 l/ha. Vendetta (fluazinam + azoxystrobin) 0.5 l/ha. C Flex (mandipropamid + cymoxanil) 0.6 l/ha.  

30-06 07-07 13-07 20-07 28-07 03-08 11-08 18-08 25-08 31-08
3 4 5 6 7 8 9 10 11 12

1 Untreated
2 0.6 RE 0.6 RE 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT
3 0.3 RE 0.3 RE 1.0 BF 1.0 BF 1.0 BF 1.0 BF 0.3 RE 0.3 RE 0.25 RANT 0.25 RANT
4 0.3 RE 0.3 RE 0.5 Vendetta 0.5 Vendetta 0.5 Vendetta 0.5 Vendetta 0.3 RE 0.3 RE 0.25 RANT 0.25 RANT
5 0.3 RE 0.3 RE 0.6 RE 0.6 RE 0.6 RE 0.6 RE 0.3 RE 0.3 RE 0.25 RANT 0.25 RANT
6 0.3 RE 0.3 RE 0.6 C Flex 0.6 C Flex 0.6 C Flex 0.6 C Flex 0.3 RE 0.3 RE 0.25 RANT 0.25 RANT
7 0.3 RE 0.3 RE 1.0 BF 0.3 RE 1.0 BF 0.25 RANT 1.0 BF 0.3 RE 1.0 BF 0.25 RANT
8 0.3 RE 0.3 RE 0.5 Vendetta 0.3 RE 0.5 Vendetta 0.25 RANT 0.5 Vendetta 0.3 RE 0.5 Vendetta 0.25 RANT
9 0.3 RE 0.3 RE 0.6 RE 0.3 RE 0.6 RE 0.25 RANT 0.6 RE 0.3 RE 0.6 RE 0.25 RANT

10 0.3 RE 0.3 RE 0.6 C Flex 0.3 RE 0.6 C Flex 0.25 RANT 0.6 C Flex 0.3 RE 0.6 C Flex 0.25 RANT

Figure 9. Development of late blight (P. infestans) in plots with different treatments. Explanation of 
treatment numbers is shown in Table 1. Untreated is not shown here. Variety Eurogrande. Flakkebjerg 
2016.
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Figure 10. Area under disease progress curve for late blight (AUDPC) for treatments with Revus (0.6 
l/ha) or Ranman Top (0.5 l/ha), Banjo Forte 4 x 1.0 l/ha, Vendetta 4 x 0.5 l/ha, Revus 4 x 0.6 l/ha and 
Carial Flex 4 x 0.6 l/ha at 7-day intervals (7dg) or 14-day intervals (14dg) starting on 13 July (Table 1).   
AUDPC for untreated = 3425, not shown. Variety Eurogrande, Flakkebjerg 2016.

Figure 11. Attacks of late blight on stems measured as number of stem lesions in two middle rows (18 
row m)  2 August in treatments with Revus (0.6 l/ha) or Ranman Top (0.5 l/ha), Banjo Forte 4  x 1.0 l/
ha, Vendetta 4 x 0.5 l/ha, Revus 4 x 0.6 l/ha and Carial Flex 4 x 0.6 l/ha at 7-day intervals (7dg) or 14-
day intervals (14dg) starting on 13 July (Table 1). Number of stem lesions in untreated = 405, not shown. 
Variety Eurogrande, Flakkebjerg 2016.
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Curative control under field conditions                    
In order to test the effect of curative products on established lesions of late blight, a trial was set up in 
almost the same way as in 2014 and 2015 (explanation in Table 2). Spraying was started on 18 July with 
Proxanil (2.0 l/ha) + Ranman Top (0.25 l/ha) as Treatment 4 and Cymbal (0.25 kg/ha) + Ranman Top 
(0.5 l/ha) as Treatment 5 at a very low level of attack of late blight (0.01-0.05%). In the following week 
there was no development in late blight. It was not until 28 July that more widespread attacks of late 
blight were seen in the plots. The level of attacks across the plots was 0.01% to 0.3% when treatments 
were started on 28 July by spraying within the same week (Table 2). After the sprayings within the week 
all plots in Treatments 1-5 were sprayed with Ranman Top (0.5 l/ha) or Revus (0.6 l/ha) at weekly in-
tervals (Table 2).

The	first	small	attack	was	seen	on	18	July.	Later	there	were	a	development	in	the	attacks	in	untreated	
plots with a moderate development late August to September reaching approximately 30% attack on 
17 September. Spraying with Proxanil at low level of attack (0.01% to 0.3%) in Treatments 2-3 had a 
very high impact on late blight. The effect of these single sprayings could be seen throughout the season 
(overall 92% and 94% control respectively) with a trend to higher effect of Treatment 2 (Cymbal in the 
mid-week). Early spraying (18 July) at very low level of attacks (0.01-0.05%, no real development in late 
blight) had (slightly) less effect (overall 82-83% control in Treatments 4-5) but still relatively good com-
pared with only contact fungicide sprayings in Treatment 1 with Ranman Top (68% control). The effect 
of	Treatment	3	was	significantly	different	from	Treatments	1,	4	and	5	(Figure	13).

Late blight attacks on stems were assessed on 1 August by counting the number of stem lesions in the 
two middle rows of the trial. There was a low level of attack of stem blight in the untreated plots (18 
lesions in total on 18 row m of plants). The assessments were done 14 days after the start of sprayings 
in Treatments 4-5 and 4 days after the start of sprayings in Treatments 1-3. A clear effect could be seen 
of the early sprayings with Proxanil + Ranman Top in Treatment 4 and a relatively smaller effect of the 
other	sprayings.	There	were	no	statistical	significant	differences	between	the	treatments.

The trial demonstrated that applying a curative spray at the right time (low level of attack) can reduce 
the	development	of	late	blight	significantly	when	followed	up	by	weekly	sprayings	at	full	dose.

Figure 12. Starch yield (hkg/ha or dt/ha) after treatments with Revus (0.6 l/ha) or Ranman Top (0.5 
l/ha), Banjo Forte 4 x 1.0 l/ha, Vendetta 4 x 0.5 l/ha, Revus 4 x 0.6 l/ha and Carial Flex 4 x 0.6 l/ha at 
7-day intervals (7dg) or 14-day intervals (14dg) starting on 13 July (Table 1). Variety Eurogrande, Flak-
kebjerg 2016.
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Table 2. Trial	plan	for	testing	effect	of	curative	control	on	established	lesions	of	late	blight	under	field
conditions. Variety  Eurogrande, Flakkebjerg, 2016. 

Attack of late blight: 18 July: 0.01-0.03%. 28 July: 0.03-0.3% attack. RE: Revus 0.6 l/ha, PROX: Proxanil 2.0 l/ha or 2.5 l/ha, RanT: Ranman 
Top 0.25 l/ha or 0.5 l/ha. Cymb: Cymbal 0.25 kg/ha. Sprayings E-G were within the same week. From 11 August (H) the sprayings in plots 
1-5 were full dose of either Ranman Top or Revus.

0.01% attack. 
No development

0.03-0.3% attack. 
Active sporulation

 Within the same week
D E F G H I J K L M

18-07 28-07 02-08 04-08
1 0.5 RanT 0.5 RanT 0.5 RanT 0.5 RanT 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT

2 2.5 PROX + 
0.25 RanT

0.25 CYMB +
0.6 RE 0.5 RanT 0.5 RanT 0.5 RanT 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT

3 2.5 PROX + 
0.25 RanT 0.6 RE 2.5 PROX + 

0.25 RanT 0.5 RanT 0.5 RanT 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT

4 2.0 PROX + 
0.25 RanT 0.5 RanT 0.5 RanT 0.5 RanT 0.5 RanT 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT

5  0.25 CYMB +
0.5 Ran T

0.25 CYMB +
0.5 Ran T

0.25 CYMB + 
0.5 Ran T 0.5 RanT 0.5 RanT 0.6 RE 0.6 RE 0.5 RanT 0.5 RanT

Figure 13. Development of late blight in plots with curative treatments. Explanation of treatment num-
bers is shown in Table 2.  Treatments 4-5 were started on 18 July at a very low level of attack of late blight 
(0.01-0.05%).  Treatments 1-3 were started on 28 July where late blight was seen to be more widespread 
in the plots. Variety Eurogrande, Flakkebjerg 2016.   

Trial	with	curative	control	under	field	conditions	at	Flakkebjerg	2016.	Untreated	plots	and	plots	with	
low disease control can be seen.  (Photo: Uffe Pilegård Larsen).
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Control of early blight (Alternaria alternata & A. solani)
Field trials with control of early blight were carried out in 2016 in cooperation with SEGES at three 
locations (Flakkebjerg, Sunds and Billund). Summary of the trials and conclusions from previous years 
trials can be seen in “Oversigt over landsforsøgene 2016” (Forsøg og undersøgelser i Dansk Landbrugs-
rådgivning, SEGES). Below only the trial at AU Flakkebjerg will be commented.

The trial was performed in the variety Kuras in order to evaluate the effect of spraying with different 
strategies	as	explained	in	Table	3.	All	strategies	were	started	at	the	same	time	as	the	first	small	symp-
toms (4 July). In order to test the effect of delaying the start, spraying with 2 x Revus Top (0.6 l/ha) + 2 
x Amistar (0.5 l/ha) was also delayed for 15 days (19 July). Narita was in all sprayings mixed with an ad-
ditive (additive to Ranman). Spraying with the different strategies had a high impact on Alternaria with 
overall	85-91%	control	(Figure	14	and	Table	4).	The	only	significant	difference	was	the	lower	effect	(75%	
control) after delaying the start of spraying by 15 days in the 2 x Revus Top + 2 x Amistar strategy. The 
spraying was done on 19 July and the attack of Alternaria was approximately 0.08-2% in the plots of the 
treatment (at the assessment on 21 July). The lower effect (e.g. compared with the same treatment start-
ing	two	weeks	earlier,	Treatment	2)	could	already	be	seen	2-3	weeks	after	the	first	spraying	(Table	4).

The tuber yield in untreated was 556 hkg/ha tubers and 110.1 t/ha starch with an average increase in 
tuber yield from all the treatments of 28.1 hkg/ha (5.1%, range 2-12%) and 7.8 hkg starch/ha (7%, range 
2%-15%) (Table 4).

Table 3. Trial plan for testing different control strategies against early blight (Alternaria solani). Va-
riety Kuras, 2016. Actual dates for the sprayings are indicated for the trial at Flakkebjerg. Set-up and the 
weekly spraying was almost the same in the trials at Billund and Sunds.

04-07 19-07 02-08 16-08 30-08
1 2 3 4 5 6 7 8 9 10 11 12

1
2 0.6 RT 0.6 RT 0.5 A 0.5 A
3 0.6 RT 0.6 RT 0.5 A 0.5 A
4 0.5 VEN 0.5 VEN 0.5 VEN 0.6 RT
5 0.25 S 0.4 NA 0.25 S 0.4 NA 0.4 NA
6 0.4 NA 0.4 NA 0.25 S 0.4 NA 0.25 S
7 0.4 NA 0.25 S 0.4 NA 0.25 S
8 0.25 S 0.25 S 0.25 S 0.25 S
 NA: Narita 0.5 l/ha, VEN: Vendetta 0.5 l/ha. RT: Revus Top 0.6 l/ha. A: Amistar 0.5 l/ha. S: Signum WG 0.25 kg/ha.

Figure 14. % attack of early blight (Alternaria solani) and the development of the disease in plots with different 
spray strategies. The different treatment numbers are explained in Table 3. Variety Kuras, Flakkebjerg 2016. 



109

   

Spray strategies and fungicide resistance
The trial was performed in the variety Kuras in order to evaluate the effect spraying with 3 x Dithane NT 
(2.0 kg/ha), 3 x Signum WG (0.25 kg/ha), 3 x Revus Top (0.6 l/ha), 3 x Vendetta (0.5 l/ha), 3 x Amistar 
(0.5 l/ha), Revus Top (0.6 l/ha) – Amistar (0.5 l/ha) – Signum WG (0.25 kg/ha) and Dithane NT (2.0 
kg/ha) – Revus Top (0.6 l/ha) – Signum WG (0.25 kg/ha) (Table 5). Spraying against Alternaria was 
started on 13 July (A) and the level of attack was approximately 0.05%. The spray interval was 2 weeks 
with following sprays on 26 July (B) and 9 August (C).

Spraying three times with Amistar (0.5 l/ha), Signum WG (0.25 kg/ha) or Vendetta (0.5 l/ha) had a 
high impact on Alternaria with overall 85-88% control (Figure 15). Spraying with Revus Top had a sig-
nificantly	lower	effect	(65%	control).	Dithane	NT	had,	as	expected,	an	effect	of	47%	control,	which	was	
significantly	lower	than	the	effect	of	the	other	products.	From	the	level	of	control	of	Amistar	it	can	be	
seen that the Alternaria population was susceptible to strobilurin fungicides. Spraying with Revus Top 

Trial with control of Alternaria at Flakkebjerg 2016 with untreated plots. 6 September 2016.  (Photo: 
Uffe Pilegård Larsen).

Table 4. Field trials testing different control strategies against early blight (Alternaria solani & A. al-
ternata). % attack of early blight (Alternaria solani) and yield. Variety Kuras, Flakkebjerg 2016. Details 
of the spray plan are mentioned in Table 3.

% attacks of Alternaria. Flakkebjerg 2016 Yield and yield increase 
hkg/ha

15-Jul 21-Jul 18-Aug 24-Aug 31-Aug 8-Sep 17-Sep AUDPC Tubers Starch
1 0.05 0.8 13.5 24.5 42.5 85.5 98.0 1029.3 556 110.1
2 0.05 0.3 3 4.8 5 7.75 55.0 150.6 47.8 8.4
3 0.04 0.6 6 9 9.5 9.5 37.5 258.7 16.7 9.7
4 0.04 0.3 1.8 2.9 3.6 9.5 52.5 112.7 13.2 6.2
5 0.03 0.06 1.7 2.9 5.1 7.5 25.0 107 20.6 2.1
6 0.04 0.2 2.9 4 4.6 7.5 28.8 130.8 66.2 16.8
7 0.04 0.1 1.9 2.6 3.5 6.75 45.0 96.4 23.3 5
8 0.04 0.5 1.5 2.1 2.4 6.25 46.3 89 8.9 6.1

LSD 3.6 LSD 76.2 n.s. between treatments
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– Amistar – Signum WG resulted in a very high level of control (89%) at the level of Amistar, Signum 
WG	or	Vendetta.	However,	the	strategy	Dithane	NT	–	Revus	Top	–	Signum	WG	resulted	in	a	significant-
ly lower effect (72% control) (Figure 15). 

The yield in untreated was 483 hkg/ha tubers and 90.7 hkg/ha starch with an average increase in tuber 
yield from the treatments with Amistar, Signum, Vendetta or Revus Top of 42 hkg/ha (8.7%, range 
5-12%) and 10 hkg starch/ha (11%, range 6-15%) (Figure 16). 

Figure 15.  % control (based on AUDPC) of early blight (Alternaria solani) after the different spray 
strategies starting on 13 July (Table 5). Variety Kuras, Flakkebjerg 2016.

Table 5. Trial plan for testing different control strategies against early blight (Alternaria solani).  
Variety Kuras, 2016. Actual dates for the sprayings are indicated for the trial at Flakkebjerg. Set-up and 
the weekly spraying was almost the same in the trials at Billund and Sunds.

13-07 26-07 09-08
1 2 3 4 5 6 7 8

2 Dithane Dithane Dithane
3 0.25 S 0.25 S 0.25 S
4 0.6 RT 0.6 RT 0.6 RT
5 0.5 VEN 0.5 VEN 0.5 VEN
6 0.5 A 0.5 A 0.5 A
7 0.6 RT 0.5 A 0.25 S
8 Dithane 0.6 RT 0.25 S

Dithane: Dithane NT 2.0 kg/ha, VEN: Vendetta 0.5 l/ha. RT: Revus Top (0.6 l/ha). A: Amistar 0.5 l/ha. S: Signum WG 0.25 kg/ha. 
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Comparing Alternaria fungicides
The trial was carried out in order to evaluate the effect of Revus Top, Amistar, Signum WG, Vendetta and 
Narita in combinations with either Ranman Top or Revus (Table 6). Spraying was done two times A: 4 
July	and	B:	18	July	at	14-day	spray	intervals.	The	first	spraying	was	done	before	the	first	symptoms	were	
recorded. Treatment 7 (Narita 0.5 l/ha + Ranman Top 0.5 l/ha) was deleted due to a spraying error.

There was a high impact of two sprayings early in the season with Amistar (0.5 l/ha) and Vendetta (0.5 
l/ha) with overall 90% control and 81% control respectively (based on AUDPC values) (Figures 17-19). 
The effect of Signum WG at two sprayings was a little lower (68% control, Figure 17). In general spray-
ing with difenoconazole products two times early in the season resulted in less long-lasting effect with 
Narita 0.4 l/ha + Ranman Top 0.5 l/ha 58% control and Revus Top 0.6 l/ha 51% control. Combining 
Narita 0.4 l/ha with either Ranman Top or Revus showed best effect for the combination with Ranman 
Top (58% control) compared with the combination with Revus (45% control). There was a clear dose 
response using 0.4 l/ha and 0.6 l/ha of Revus Top sprayed two times early in the season (Figure 19).

Figure 16. Starch yield (hkg/ha or dt/ha) after the different treatments (Table 5). Variety Kuras, Flak-
kebjerg 2016.

Table 6. Trial plan for comparing Alternaria fungicides. Variety Kuras, 2016. Actual dates for the 
sprayings are indicated for the trial at Flakkebjerg. 

04-07 18-07
1 2 3 4 5 6 7

1
2 0.6 RT 0.6 RT
3 0.4 RT 0.4 RT
4 0.5 A 0.5 A
5 0.25 S 0.25 S
6 0.5 VEN 0.5 VEN
7 0.5 NA+RANT 0.5 NA+RANT
8 0.4 NA+RANT 0.4 NA+RANT
9 0.5 NA+RE 0.5 NA+RE

10 0.4 NA+RE 0.4 NA+RE
Beginning minor attacks

NA: Narita 0.5 l/ha mixed with either RANT: Ranman Top 0.5 l/ha or RE: Revus 0.6 l/ha.  VEN: Vendetta 0.5 l/ha. RT: Revus Top (0.6 l/ha). 
A: Amistar 0.5 l/ha. S: Signum WG 0.25 kg/ha. 
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Figure 17. % attack of early blight (Alternaria solani) and the development of the disease in plots with dif-
ferent spray strategies. The different treatment numbers are explained in Table 6. Variety Kuras, Flakkebjerg 
2016.

Figure 18. % attack of early blight (Alternaria solani) and the development of the disease in plots with  
different spray strategies (Narita combinations). The different treatment numbers are explained in Table 6. 
Variety Kuras, Flakkebjerg 2016.
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