
108

Applied Crop Protection 2017

X Herbicide resistance in Lolium multiflorum and  
 Lolium perenne
 

Solvejg K. Mathiassen

In	connection	with	a	new	project	RELIUM	(herbicide	resistant	Lolium spp. in climatically and agronom-
ically diverse European countries: from developing quick and reliable detection tools to devising reliable 
control	strategies)	funded	by	C-IPM,	a	total	number	of	124	samples	of	ryegrass	seeds	(93	populations	of	
L. multiflorum and 31 populations of L. perenne)	were	collected	throughout	Denmark	from	fields	with	
suspected resistance (Figure 1).

The seeds were threshed, cleaned and sown in trays (104 seeds per tray, 3 trays per population) as were 
also	reference	populations	with	known	resistance	profiles.	The	trays	were	placed	in	a	glasshouse	at	a	
temperature of 14°C day and 10°C night with supplemental light, extending the day length to 14 hours.

The	screening	included	two	herbicides	with	different	modes	of	action.	Topik	belongs	to	the	ACCase	in-
hibitors and Atlantis OD to the group of ALS inhibitors. These two groups include the majority of herbi-
cides used for control of grass weeds in Denmark. A previous survey of herbicide resistance in Denmark 
revealed	a	predominant	resistance	to	ALS	inhibitors	among	Danish	ryegrass	populations	(Mathiassen	
& Kudsk, 2016).

Herbicide treatments were carried out at the 2-3 leaf stage. One tray of each population was sprayed 
with 0.25 L/ha Topik (100 g/L clodinafop + 25 g/L cloquintocet-mexyl) + 0.5 L/ha Renol, one tray was 
sprayed with 0.5 L/ha Atlantis OD (10 g/L mesosulfuron + 2 g/l iodosulfuron + 30 g/L mefenpyr-di-
ethyl) and the third tray remained untreated. Herbicide application was carried out in a cabinet sprayer 
equipped with two Hardi ISO F-02 nozzles, a pressure of 3 bars and a speed of 5.2 km/h, delivering a 
spray volume of 173 L/ha.

The biomass reduction in each tray was visually assessed four weeks after herbicide application using 
a	score	from	0	to	10	(0=	no	effect,	10=	total	kill).	In	each	tray	the	number	of	seedlings	(dead	and	alive)	
was counted, the plants were cut at the soil surface and the fresh weight was measured. Three param-
eters – score, fresh weight reduction and reduction in the number of surviving plants – were used for 
classification	into	resistant,	partly	resistant	and	susceptible	populations	(Table	1).	

Herbicide	resistance	is	defined	as	the	ability	of	a	population	to	survive	a	herbicide	dose	which	pre-
viously	has	been	sufficient	to	control	that	specific	species.		A	nationwide	screening	for	herbicide	resi-
stance in Lolium spp. found that 28% of the Lolium multiflorum populations were susceptible to both 
Topik and Atlantis OD, while 35% of the populations were partly or fully resistant to both herbicides. 
Resistance was less frequent in Lolium perenne with 68% of the populations being susceptible to 
both	herbicides	and	16%	of	the	populations	being	partly	or	fully	resistant.	For	fields	affected	with	
resistance	to	ALS-	as	well	as	ACCase	inhibitors	(i.e.	Atlantis	OD	and	Topik	respectively),	no	effective	
herbicides	are	left	for	chemical	control.	In	these	fields	the	use	of	an	integrated	weed	management	
strategy is the only way forward.  
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The	 populations	 ending	 up	 as	 ‘partly	 resistant’	 belong	 to	 the	 ‘grey	 zone’	 for	 which	 additional	 tests	
(dose-response trials or molecular tests) are required to decide whether they are resistant, or if the low 
response is related to a natural variation in susceptibility within the species. Populations with enhanced 
metabolism are frequently included in the class of partly resistant populations as the resistance levels 
connected with this mechanism of resistance are often low.  

Although the samples represent localities from most parts of Denmark, there is an over-representation 
of the eastern part of Jutland (Figure 1). Lolium spp. are most common in this part of the country,  
meaning	that	the	samples	reflect	the	geographical	distribution	of	ryegrass	quite	well.

Lolium multiflorum
Two reference populations were included in the test - a susceptible population and a population with 
confirmed	resistance	to	ALS	inhibitors	and	susceptibility	to	ACCase	inhibitors.	The	effects	obtained	on	
these populations are shown in Table 2.
 

Figure 1. Geographical distribution of the 93 populations of L. multiflorum (red bullets) and 31 popu-
lations of L. perenne (blue bullets). 

Table 1.	Criteria	for	classification	of	populations.

Resistant Partly resistant Susceptible
Effect on biomass <50% 50-80% >80%
Effect on  surviving plants <50% 50-80% >80%
Visual assessment (score) 0-4 5-8 >8
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Results from the collected populations showed that 34% were susceptible to Atlantis OD, 38% were 
resistant and 28% were partly resistant (Figure 2). The proportion of populations resistant to Topik 
was lower with 58% susceptible, 12% resistant and 30% partly resistant (Figure 2). Overall, 28% of the 
populations were susceptible to both Topik and Atlantis OD, while 35% of the populations were partly or 
fully resistant to both herbicides (Figure 3). The spatial distribution of susceptible, partly resistant and 
resistant populations is shown in Figure 4.

For	the	resistant	populations	the	mean	effects	on	biomass	and	number	of	surviving	plants	was	31%	and	
20%,	respectively.	The	effects	are	slightly	higher	than	the	effects	on	the	resistant	reference	population.	
For	populations	classified	as	partly	resistant	the	mean	effect	on	number	of	surviving	plants	and	biomass	
was	56%	and	72%,	respectively,	which	are	considerably	higher	effects	than	those	for	the	resistant	popu-
lation but lower than for the susceptible reference population.

Table 2. Effects	of	Atlantis	OD	and	Topik	on	the	reference	populations	of	L. multiflorum (5 replicates 
of	the	susceptible	population,	3	replicates	of	the	resistant	population).	Min.	and	max.	values	are	shown	
in brackets.

Susceptible reference Resistant reference
Atlantis OD Topik Atlantis OD Topik

Biomass 83.1 (78.3-90.4) 87.7 (84.-91.7) 10.9 (8.7-12.7) 87.3 (82.7-91.5)
Number of plants 96.0 (91.4-100.0) 94.2 (79.4-100.0) 6.0 (8.2-12.1) 94.2 (86.0-98.9)
Visual assessment 8.2 8.8 1.0 9.0

Figure 2. Percentage of L. multiflorum	populations	classified	as	susceptible,	partly	resistant	and	resi-
stant to Atlantis OD and Topik, respectively.
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Lolium perenne
Two susceptible reference populations were included in the screening of L. perenne. For both popula-
tions the reductions in biomass and number of plants were higher than 95%.

Results from the collected populations found that 74% were susceptible to Atlantis OD, 23% were re-
sistant and 3% were partly resistant (Figure 5). The proportion of populations resistant to Topik  was 
lower, with 3% of the populations being resistant, 16% partly resistant and 81% susceptible (Figure 5). 

Figure 3. Percentage of L. multiflorum	 populations	 classified	 as	 susceptible	 and	 resistant	 (fully	 or	 
partly) to both Atlantis OD and Topik.

Figure 4. Geographical distribution of susceptible (green), resistant (red) and partly resistant (yellow) 
populations of L. multiflorum to Atlantis OD (left) and Topik (right). 
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Overall, 68% of the populations were susceptible to both herbicides, while 16% of the populations were 
partly or fully resistant to both herbicides (Figure 6). The geographical distribution of susceptible, partly 
resistant and resistant populations is shown in Figure 7.

The results indicate that resistance is less frequent in L. perenne compared to L. multiflorum, which 
may	be	related	to	the	time	of	development	of	resistance	in	the	species	with	the	first	case	of	resistance	in	
L. perenne being found in 2015, whereas resistant L. multiflorum was reported in 2010.    

Figure 5. Percentage of L. perenne	populations	classified	as	susceptible,	partly	resistant	and	resistant	
to Atlantis OD and Topik, respectively.

Figure 6. Percentage of L. perenne	populations	classified	as	susceptible	and	resistant	(fully	or	partly)	
to both Atlantis OD and Topik.
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Overall, the results of the screening showed that 72% of the L. multiflorum populations and 32% of the  
L. perenne	populations	were	affected	by	resistance	 to	one	or	both	herbicides.	These	percentages	are	
much	higher	than	previously	reported	in	random	surveys	(Mathiassen	&	Kudsk,	2016)	but	not	surprising	
as	the	present	screenings	targeted	fields	with	suspected	infestations	of	resistant	ryegrass.	Additionally,	
the	populations	were	collected	in	sprayed	fields;	consequently,	a	selection	pressure	had	been	applied	to	
the	field	population	in	the	sampling	year.		For	areas	affected	with	resistance	to	both	ALS-	and	ACCase	
inhibitors	no	effective	herbicides	are	left	for	chemical	control,	and	the	farmers	here	are	fast	running	out	
of options for controlling ryegrass. The preservation of these herbicides is threatened nationwide, and 
the universal use of more integrated weed management is strongly recommended.    
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Figure 7. Geographic distribution of susceptible (green), resistant (red) and partly resistant (yellow) 
populations of L. multiflorum to Atlantis OD (left) and Topik (right).




