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Spore	trapping	was	carried	out	with	the	aim	of	detecting	the	first	spores	of	rust	in	sugar	beet	(Uromyces 
beticola). Beet rust is the most common foliar disease in sugar beets in Denmark along with powdery 
mildew (Erysiphe betae), and attacks occur in nearly all seasons. Beet rust can cause yield reductions 
of	up	to	11%	(Kristoffersen	et	al.,	2017).	First	symptoms	are	normally	observed	from	the	end	of	July	
(Hansen, 2017) and develop continuously throughout the cropping season. The severity of the attacks 
depends	on	conducive	weather	conditions.	Previous	studies	showed	that	the	first	inoculum	derives	from	
sea beets (Beta vulgaris ssp. maritima), which grow all the year round at the seaside and which allow 
beet rust to overwinter close to their main host – the sugar beet crop (Gibbs, 1960). The aim of this study 
was to investigate whether there is a correlation between proximity to the sea and early arrival and de-
velopment of beet rust on sugar beets.   

Spore trapping
To address this question, three Burkard 7-day recording volumetric spore traps were set out through-
out the Danish sugar beet growing area at the sites of Vesternæs, Holeby and at AU Flakkebjerg.  
Vesternæs is in the direct vicinity of the sea; both Holeby and Flakkebjerg are situated approximately 
10–15	km	from	the	coast.	Spore	traps	at	Holeby	and	Vesternæs	were	placed	directly	in	a	sugar	beet	field,	
and	the	spore	trap	at	Flakkebjerg	one	km	from	a	field	where	sugar	beets	were	grown.	The	spore	traps	
were operated as described by Wieczorek et al. (2014). Spore trapping commenced on 15 June at Holeby 
and	Vesternæs	and	finished	on	10	September.	At	Flakkebjerg	spore	trapping	activities	started	on	11	July	
and continued until 24 November. DNA was extracted from the tapes as described by Duvivier et al. 
(2013) on a daily basis (24h). Afterwards the samples were analysed for beet rust DNA using qPCR and 
primers	specific	for	U. beticola (unpublished).

PCR primers were developed to detect and quantify beet rust DNA from spores trapped on sticky 
tape in spore traps and in rust-infected beet plants. The spore trapping proved that it was possible to 
detect	the	first	spores	at	the	end	of	June	at	both	Vesternæs	and	Holeby	before	symptoms	appeared.	
Spores	and	attacks	were	first	seen	at	Vesternæs,	which	is	situated	close	to	the	coast	where	overwinter-
ing sea beets possibly carry the prime inoculum. Spores were detected approximately 1 month before 
the	first	symptoms.	A	trap	at	Flakkebjerg	located	more	than	10	km	from	the	coast	and	one	km	from	
a	sugar	beet	field	 trapped	 fewer	spores.	Moreover,	quantitative	qPCR	showed	clear	 links	between	
attack of rust in beet plants treated with fungicide and plants untreated. The used methods have pro-
vided more knowledge about the epidemiology of the fungus. The method developed and the results 
can contribute to the development or improvement of prognosis and warning models in sugar beet 
crops	for	clarification	of	fungicide	timings. 
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Figure 1. Daily amounts of beet rust DNA (ng) at the site at Holeby in the period from 15 June to 10 
September 2017. 

Figure 2. Daily amounts of beet rust DNA (ng) at the site at Flakkebjerg in the period from 11 July to 
28 November 2017.
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Total amounts of beet rust DNA varied amongst sites. Figures 1 to 3 illustrate the amounts of daily DNA 
at	all	sites.	The	first	spores	in	the	air	were	detected	at	Vesternæs	on	23	June,	followed	by	spores	caught	
at	Holeby	on	26	June.	These	findings	were	found	approximately	1	month	before	the	first	symptoms	were	
found. Throughout the season daily amounts of DNA continued to increase. The highest amount was 
detected at Holeby with 0.628 ng / 24h. The lowest amount detected at this site was 0.0001 ng, close to 
the detection limit of the assay. The DNA amounts at Vesternæs ranged from 0.0001 to 0.09 ng / 24h. 
The lowest amounts were measured at Flakkebjerg in the range of 0.0001 to 0.005 ng / 24h. At Flak-
kebjerg	the	first	spores	were	detected	on	19	July;	however,	since	trapping	at	this	site	started	within	the	
season,	those	spores	are	not	assumed	to	be	the	first	to	have	arrived	at	this	site.	In	contrast	to	Holeby	and	
Vesternæs,	spore	trapping	at	Flakkebjerg	continued	until	arrival	of	the	first	frost,	and	small	amounts	
rust DNA were still detected until the end of November.

Disease occurrence
Disease scores from sugar beet trials indicate that beet rust was an important disease again in 2017. 
Data	in	Figure	4	derive	from	NBR	Nordic	Beet	Research’s	annual	leaf	disease	monitoring	for	the	sites	
Vesternæs	and	Holeby,	and	from	a	sugar	beet	field	 trial	conducted	at	Flakkebjerg.	Scores	shown	are	
from untreated plots only. At Vesternæs, rust was already seen on untreated sugar beets at the start of 
the	assessments	in	week	28	(10-17	July).	At	Holeby,	first	symptoms	were	seen	in	week	30	(24-30	July),	
and at Flakkebjerg in week 31 (31 July-6 August). At all three sites, the disease developed continuously 
and reached scores from 3 to 5 until week 36 (4-10 September), when last assessments were made. As 
seen	in	previous	years,	and	in	accordance	with	the	investigation	made	by	Rose	Kristoffersen,	the	first	
symptoms of beet rust were observed at Vesternæs, close to the sea (Figure 5). However, the results from 
2017 indicate that rust was quite severe at all three investigated sites.  

Figure 3. Daily amounts of beet rust DNA (ng) at the site at Holeby in the period from 15 June to 10 
September	2017.	The	arrow	indicates	the	first	detection	of	DNA	on	the	tape.	
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Detection of beet rust in plant material
To test whether disease development could be monitored in living tissue using qPCR, disease-free sugar 
beet	plants	(GS	39)	of	cultivar	‘Julietta’	(KWS)	were	infected	with	beet	rust	spores	using	a	paint	spray	
brush. Half of the plants were treated with 0.5 l/ha Opera (BASF), the other half remained untreated. 
Plants were kept in a humid (RH > 85 %) greenhouse. Leaf samples, each consisting of 50 leaf discs (ø 
1	cm),	were	taken	pre-inoculation,	directly	after	 inoculation	and	five	and	ten	days,	respectively,	after	
inoculation (DAI).

Figure 4. Development of beet rust at sites Vesternæs, Holeby and Flakkebjerg in 2017. Disease sever-
ity	was	assessed	using	a	scale	for	‘0’	=	no	disease	to	‘10’	=	plant	dead	due	to	rust.	

Figure 5. Origin of rust epidemics. Red dots indicate the relation between the number of years during 
which the site has been observed and the number of years with early onset of beet rust. Blue dots re-
present sites where rust has never been observed early in the season. Arrows mark sites chosen for spot 
investigations	carried	out	by	Rose	Kristoffersen	(Master’s	thesis).	To	the	right	a	picture	of	a	wild	beet	as	
it grows along the coast.
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After lyophilisation, the samples were ground and DNA extracted using Speadex (LGC). The qPCR assay 
allowed detection of beet rust DNA in leaf samples with no visual symptoms. DNA amounts increased 
five	DAI	and	again	10	DAI	 (Figure	6).	At	 that	 time,	only	beginning	visual	 symptoms	were	observed.	
Treatment with Opera slowed down the beet rust development and consequently the DNA amounts in 
the leaf samples.

In	addition,	leaf	samples	from	field	trials	from	untreated	plots	and	plots	having	received	two	times	0.5	
l/ha Opera (26 July and 7 August) were tested at the end of the season (18 September). Here untreated 
plants	were	scored	4.5	in	disease	severity	and	plants	treated	with	2	x	Opera	were	scored	0.4,	reflecting	
a	very	effective	control	from	a	double	treatment,	which	also	could	be	seen	when	the	DNA	amounts	were	
measured. 
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Figure 6. Development of beet rust DNA in infected sugar beet leaves. The two samples to the left (red) 
are	taken	from	the	field	trial	at	Flakkebjerg.	The	five	samples	to	the	right	(blue)	are	from	infected	green-
house leaves treated at two timings (5 DAI and 10 DAI). 




