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Abstract 

The aim of this paper is to analyse the growth of the native invader weed Avena sterilis L. (wild oat) and its invasion effect on weed community abundance and diversity in relation to cropping system (organic vs. conventional) in dryland cereal fields under Mediterranean conditions. To achieve this, a comparative experimental design involving one conventional and one nearby organic field was used. Our results show that the effect of A. sterilis invasion on resident weeds and cereal biomass depended on the cropping system. Species richness and diversity of weed community were more negatively affected by the invasion in the conventional field, whereas cereal biomass was drastically reduced in the organic field. The cropping system did not affect the invasive ability of A. sterilis, but the higher A. sterilis biomass recorded in the conventional field suggests strong potential long-term invasions in this system.

Introduction 

The importance of weeds supporting biodiversity in agroecosystems is well known (Marshall et al., 2003). However, the agricultural intensification in recent decades (cereal monoculture, fertilisation, herbicides) has dramatically reduced weed diversity in dryland cereal fields. Dryland cereal weed communities are characterized by the dominance of a few species, among which some grasses (i.e. Lolium rigidum, Avena sterilis) (Romero et al., 2008) are now considered to be serious agricultural pests. The effect of native weed infestation and weed management practices on crop yield have been widely studied (Hole et al., 2005). In contrast, less research has been conducted on the effect of the invasion by native weeds on weed abundance and diversity. The invasion by native weeds such as Avena sterilis, one of the most troublesome weeds in many Mediterranean climate areas (Fernández-Quintanilla et al., 1997), could be an important agent driving the decline in abundance and diversity of weed populations. 

The pattern of resource availability can affect weed density, time of emergence, and weed-crop interactions. On one hand, these factors can modify weed community abundance and diversity (Liebman et al., 2001); on the other hand, they can determine invasive success (Davis and Pelsor, 2001). Thus, the different rate of nutrient release of chemical fertilisers and manure in conventional and organic cereals, respectively, can affect the relationships among wheat, A. sterilis, and the resident weeds. Chemical fertilisation usually favours crop species, but this general pattern depends on the life-history traits of the interacting species.

The aim of the present study is to analyse the growth of the native invader weed A. sterilis in relation to cropping system (organic vs. conventional) and the effect of its invasion on wheat yield and weed community abundance and diversity in dryland cereal fields. The experiment is based on a simulated invasion through seeding A. sterilis at three different densities in two nearby dryland cereal fields, one conventionally and one organically managed.

Materials and methods 

The study was carried out in an agricultural area in Catalonia (NE Spain). Two nearby commercial winter wheat fields were selected, one conventional and one organic. Both fields had similar organic matter, N content, and C/N ratio. The conventional field was fertilised with a granular application of NPK (10:7:16) at 300 kg·ha-1 before sowing and with N-NO3 at 50 kg·ha-1 in late winter, whereas the organic field had been fertilised with composted manure one year earlier. There was no control of weeds in either field to avoid the confounding effect of management and invasion during the experiment. 

Six 17 m ( 2 m plots were randomly delimited in each field. Each plot was divided into four square subplots of 4 m2, 3 m apart. Three randomly selected plots were sown at three densities of A. sterilis: c. 165, 830, and 1670 seeds·m-2 (hereafter referred to as treatments A1, A2 and A3) in order to obtain a gradient of invasive intensity. The fourth plot was not sown with A. sterilis and constituted a control (hereafter referred to as treatment A0). Seeds had been collected in June 2006 from natural populations. In mid-October, once A. sterilis seeds had been added, 200 kg·ha-1 of wheat (Triticum aestivum) was sown. Two plots were rejected in the organic field because of poor crop establishment.  In June four 25 cm ( 25 cm samples were randomly selected from each subplot and total aboveground biomass was clipped at ground level and sorted into species. The mean weights of wheat, A. sterilis, and the resident weed species were computed for each subplot after drying them at 60ºC for 48h.

Weed community structure was evaluated by means of biomass, species richness, and Shannon’s diversity index. The effect of management (conventional vs. organic) and A. sterilis invasion on crop and resident weeds biomass and on weed community structure were analysed by means of a cross-nested ANOVA using the GLM procedure of SPSS 14.0. Non-proportional data were log-transformed and the arcsine square root transformation was applied for proportional data to achieve normality and homoscedasticity of residuals when necessary. A non-parametric Kruskal-Wallis test was used when transformed data were not normal. The level of significance was α = 0.05.

Results 

Total biomass was higher in the conventional than in the organic field (F1,8 = 61.9, P < 0.001), and no significant differences between treatments were found within each field (Tab. 1). Wheat biomass was also higher in the conventional field (F1,8 = 46.6, P < 0.001), and decreased from A0 to A3 in both fields (F3,24 = 37.7, P < 0.001). Note that the ratio of wheat biomass to total biomass was not significantly different in the non-invaded subplots for both fields (F1,8 = 0.40, P = 0.85). 

A. sterilis biomass was significantly higher in the conventional field (F1,8 = 79.3, P < 0.001) and increased from A1 to A3 in both fields (F3,24 = 99.7, P < 0.001; Tab. 1). A. sterilis invasion, assessed as the ratio of A. sterilis biomass to total biomass, did not differ between fields (F1,8 = 0.41, P = 0.54), and increased significantly from A1 to A3 in both fields (Tab. 1). 

The relative importance of resident weeds (the ratio of resident weed biomass to total biomass) was significantly higher in the organic than in the conventional field (F1,8 = 17.4, P < 0.05). Total resident weed biomass of the conventional field decreased significantly in A. sterilis-invaded subplots, whereas it was not negatively affected in the organic field (Tab. 1).

Species richness (F1,8 = 23.5, P < 0.001) and weed diversity (F1,8 = 32.8, P < 0.001) were significantly higher in the organic field. They did not differ significantly among treatments in the organic field but decreased in A. sterilis-invaded subplots in the conventional field (Tab. 1).

Tab. 1: Mean (± S.E.) of different crop and weed parameters, species richness and diversity for each Avena sterilis treatment. Different letters indicate significant differences between treatments for each variable with LSD test. 

	 
	A0
	A1
	A2
	A3

	Conventional
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total Biomass (TB) (g m-2)
	1605,3
	±
	116
	a
	1453,6
	±
	107
	a
	1579,6
	±
	78,8
	a
	1723,9
	±
	143
	a

	Wheat Biomass  

(WhB) (g m-2)
	1303,6
	±
	141
	a
	682,5
	±
	46,9
	b
	500,9
	±
	56,4
	bc
	343,4
	±
	75,6
	c

	A. sterilis Biomass (AB) (g m-2)
	20,6
	±
	11,1
	a
	678,3
	±
	55,7
	b
	1026,3
	±
	81,7
	c
	1321,7
	±
	70,9
	d

	Weed Biomass (WB) (g m-2)
	281
	±
	71,6
	a
	92,9
	±
	28,9
	b
	52,40
	±
	19,6
	b
	58,8
	±
	19,7
	b

	WB/TB
	18,1
	±
	0,05
	a
	5,9
	±
	0,01
	b
	3,13
	±
	0,01
	b
	3,21
	±
	0,01
	b

	WhB/TB
	80,6
	±
	0,05
	a
	47,3
	±
	0,03
	b
	32,10
	±
	0,04
	c
	19,1
	±
	0,03
	c

	AB/TB
	1,3
	±
	0,01
	a
	46,7
	±
	0,02
	b
	64,77
	±
	0,04
	c
	77,7
	±
	0,03
	d

	Species Richness †
	6,2
	±
	0,5
	a
	4,0
	±
	0,00
	b
	3,17
	±
	0,31
	c
	2,33
	±
	0,42
	c

	Diversity (H') †
	0,7
	±
	0,2
	a
	0,7
	±
	0,13
	a
	0,40
	±
	0,18
	ab
	0,04
	±
	0,02
	b

	Organic
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total Biomass (TB) (g m-2)
	961,9
	±
	136
	a
	682,9
	±
	69,1
	a
	1045,2
	±
	109
	a
	1062,3
	±
	113
	a

	Wheat Biomass 

(WhB) (g m-2)
	804,8
	±
	146
	a
	138,1
	±
	30,1
	b
	135,0
	±
	29,2
	b
	33,4
	±
	12,5
	c

	A. sterilis Biomass (AB) (g m-2)
	4,9
	±
	4,11
	a
	277,5
	±
	69,2
	b
	692,5
	±
	27,2
	c
	942,2
	±
	95,3
	c

	Weed Biomass (WB) (g m-2)†
	152,3
	±
	24,9
	a
	235,9
	±
	22,7
	b
	217,7
	±
	74,8
	ab
	86,7
	±
	17,2
	a

	WB/TB
	17,5
	±
	0,05
	a
	38,8
	±
	0,08
	b
	19,5
	±
	0,06
	a
	8,1
	±
	0,01
	a

	WhB/TB
	82
	±
	0,04
	a
	20,9
	±
	0,04
	b
	12,7
	±
	0,02
	b
	3,1
	±
	0,01
	c

	AB/TB
	0,05
	±
	0,00
	a
	40,3
	±
	0,06
	b
	67,8
	±
	0,06
	c
	88,9
	±
	0,01
	d

	Species Richness
	9
	±
	1,3
	ab
	12,4
	±
	1,23
	a
	8,3
	±
	2,21
	ab
	7,8
	±
	1,31
	b

	Diversity (H')
	1,2
	±
	0,2
	a
	1,4
	±
	0,08
	a
	1,0
	±
	0,29
	a
	0,8
	±
	0,19
	a


†Paired comparison between treatments carried out by Kruskal-Wallis test.  

Discussion and conclusions 

Although the higher availability of resources in the conventional field allowed it to sustain a higher total biomass, the ratio of wheat to total biomass in non-invaded subplots was similar in the two fields.

Management did not affect A. sterilis invasion, evaluated as the ratio of A. sterilis biomass to total biomass. However, A. sterilis invasion affected weed and wheat biomass differently, depending on the cropping system. In the conventional field, A. sterilis out-competed efficiently resident weeds. Hence, total weed biomass, species richness and diversity decreased as the A. sterilis invasion became more intense. Conversely, weed abundance, species richness and diversity were not significantly affected by the A. sterilis invasion in the organic field, but wheat production was drastically reduced. The slow nutrient release from manure in the organic field may slow down wheat establishment, which modifies the competitive interactions among wheat, A. sterilis, and resident weeds. 

The elevated levels of A. sterilis biomass in the conventional field suggests that this field could potentially be subjected to intense long-term invasions, as aboveground biomass is related to seed production (high propagule pressure) (Harper, 1977). The effect of an A. sterilis invasion on the weed community should be evaluated over the long term, and weed management should be taken into account. In our study, the experimental addition of A. sterilis seed under no weed control conditions allowed us to evaluate the short-term effect on the weed community. Despite the importance of seed bank in buffering year-to-year changes in seed production, a decrease in the resident weeds’ seed rain as a consequence of their lower biomass and diversity in A. sterilis-invaded subplots could drastically reduce the population size of some species and contribute to local extinction. According to our results, weed management efforts must be made to keep A. sterilis populations under a threshold to prevent crop yield losses and a decline in weed community diversity in conventional fields, as well as to avoid drastic yield losses in organic fields. 
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