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Introduction

The evolution of herbicide resistant weeds is of increasing concern to growers around the world and poses serious problems where there are no alternative selective herbicides to control resistant populations. The extensive use of ALS-inhibiting herbicides has led to the widespread development of resistant weeds which threaten several crop production systems. In the last ten years, resistance to ALS inhibitors has been evolving rapidly in Italy. Three species, Alisma plantago-aquatica, Scirpus mucronatus and more recently Cyperus difformis, have evolved resistant populations in rice crops. Meanwhile, ALS-resistant populations of Papaver rhoeas infesting durum wheat crops have been documented in central and southern Italy (Scarabel et al., 2004). So far, in Italian soyabean and maize crops, resistance has only been found to PSII-inhibiting herbicides. However, in 2003, seeds of an Amaranthus retroflexus L. population poorly controlled by imazethapyr were collected from a soyabean crop in north-eastern Italy. Field-selected resistance to ALS-inhibitors is mostly due to an altered target site, namely, point mutations that occur within discrete conserved domains of the als gene (Tranel & Wright, 2002). 

The aim of this study is to characterise the resistance status of the imidazolinone-selected A. retroflexus biotype and elucidate the molecular basis of resistance in this population. Alternative post-emergence herbicides for controlling this population were also tested. 

Materials and methods

Seeds from plants of A. retroflexus that had escaped a treatment with imazethapyr were collected during summer 2003 from a soyabean crop in north-eastern Italy (population 03-07). The field had been cropped with soyabean treated with imazethapyr for the past 5 years. Seeds from a population of A. retroflexus again susceptible to ALS-inhibitors (population 99-01) were collected from a location that had never been treated with this group of herbicides. Pre-germinated seeds were planted in plastic boxes filled with a standard potting mix (60% silty loam soil, 15% sand, 15% perlite, 10% peat) and placed in a greenhouse. On reaching the three to four-leaf stage, herbicides were applied as commercial formulations with recommended surfactants using a precision bench sprayer. Herbicides were: imazethapyr (1x: 35 g a.i. ha-1), imazamox (1x: 40 g a.i. ha-1), oxasulfuron (1x: 75 g a.i. ha-1), nicosulfuron (1x: 40 g a.i. ha-1), thifensulfuron-methyl (1x: 7.5 g a.i. ha-1), mesotrione (1x: 50 g a.i. ha-1), metribuzin (1x: 350 g a.i. ha-1) and terbuthylazine (1x: 1100 g a.i. ha-1). The herbicide dose ranges were chosen after preliminary screenings and ranged from 1x (i.e. recommended field dose) to 32x, and from 1/32x to 1x for resistant and susceptible populations, respectively. The number of surviving plants and shoot fresh weight were recorded 3 weeks after treatment. The experimental design was completely randomised with 3 replicates, each of 15 plants. The ED50 and GR50 values were estimated using the log-logistic model (Seefeldt et al., 1995).

Genomic DNA was extracted from the leaf tissue of five plants. Specific primers were designed (from aligned sequences of Amaranthus species available in GenBank) to amplify the 430-bp fragment of ALS gene containing domains A, C and D, while another set of primers was used to amplify the 340-bp fragment containing domains B and E. The PCR-purified products were sequenced in both strands and the sequences of susceptible and resistant biotypes were aligned using Lasergene software DNASTAR.

Results and discussion

Dose-response experiments at whole plant level showed that population 03-07 was highly resistant to both imidazolinones tested, with the selecting herbicide showing a much higher resistant ratio (>1898) (Tab. 1). This population was also cross-resistant to all sulfonylureas tested, with resistant ratios varying from 34 with nicosulfuron to more than 429 with thifensulfuron-methyl. The high level of resistance to ALS-inhibitor herbicides indicates that the resistance mechanism is likely to be site of action mediated. Conversely, the GR50 of susceptible and resistant populations, calculated for metribuzin, terbuthylazine and mesotrione, were similar, determining resistant ratios close to 1 (Tab. 1). This proves that the ALS-resistant population can still be adequately controlled by PSII inhibitors and bleaching herbicides.

Although the values of the resistant ratios based on plant survival (data not shown) were generally lower than those calculated for shoot fresh weight, they gave the same indications.

Table 1. GR50 (and relative standard error - S.E.) and resistant ratio of the resistant population of  A. retroflexus. Resistant ratio = GR50 resistant / GR50 susceptible.

	Chemical family
	Herbicide
	HRAC 

group
	Shoot fresh weight

	
	
	
	GR50

g a.i. ha-1
	S.E.
	 Resistant   ratio

	Imidazolinones
	imazethapyr
	B
	>1120
	-
	>1898

	
	 imazamox
	B
	167
	50.6
	293

	Sulfonylureas
	nicosulfuron
	B
	139
	8.49
	33.9

	
	oxasulfuron
	B
	>1200
	-
	>215

	
	thifensulfuron-methyl
	B
	>60
	-
	>429

	Triazinones
	metribuzin
	C1
	26.8
	3.59
	1.73

	Triazines
	terbuthylazine
	C1
	59.8
	5.61
	1.00

	Triketones
	mesotrione
	F2
	5.31
	1.86
	0.57


Nucleotide sequences of the ALS-amplified regions comprising A to E Domains between resistant and susceptible populations differed in one nucleotide only. The substitution had occurred in Domain B at position 574 (referred to Arabidopsis thaliana sequence) that determines the substitution of Trp to Leu in resistant population 03-07. The same substitution has been identified in the five plants analysed, which all resulted as being homozygous for the mutation at the ALS-locus. In other species of Amaranthus, the same substitution of Trp574 with Leu has been shown to confer a comparable level and similar pattern of resistance to ALS inhibitors (Heap, 2004).

Although similar European cases from Serbia (A. retroflexus and E. crus-galli), Poland (Conyza canadensis from railways) and the Czech Republic (Kochia scoparia from railways) are reported in the world herbicide resistance database (Heap, 2004), this is the first documented case of resistance selected by imidazolinones used on European crops.
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