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Abstract

The experiments were conducted in Greece in 2002 and 2003. The objective of this research was to investigate i) the effect of intercrop system on weeds and ii) if each intercrop system (oat-pea or cereal legume) is going to affect the weed control differently. The light penetration within the canopy measured during the first experiment (2002), was decreased up to 90%, due to the increase of the companion crops’ leaf area. In both years the decrease of the available light to the weeds, has led to the reduction of the weed dry matter, in comparison to the pure stands. Finally the oat-bean intercrop system gave better results than oat-peas system. As a result we can say that the intercrop system constitutes a new approach to weed control for low input agriculture under Mediterranean conditions.
Introduction
Intercropping, through more effective use of water, nutrients and solar energy, can significantly enhance crop productivity compared to the growth of pure stands (Bilalis 2005). The light plays a critical role in weed-plant growth and development; quantity and quality, as well as direction of the light, are perceived by photosensory systems which collectively regulate plant development, presumably to maintain photosynthetic efficiency (Hangarter, 1997). The amount of light intercepted by the component crops in an intercrop system depends on the crops geometry and foliage architecture. Intercrop systems are reported to use resources more efficiently and be able to remove more resources than monocrop systems, thus decreasing the amount available for weed production. Liebman and Dyck (1993) noted a decrease in weed biomass in intercrop as compared with monocrop systems in 47 studies, a higher level of weed biomass in four studies and variable results in three other cases. Our two year experiment was designed to investigate the effects of intercropping winter oat (Aneva sativa) with pea (Pisum sativum) and broad beans (Vicia faba) on the weed control. The question of this research is “what are the effects of different intercrop systems on weed growth?”
Materials and methods
This two years experiment was conducted at the organic field at Mavrica area (Lat: 38o36΄, Long: 21o21΄, alt: 24m) located at West Greece (2003). The soil type was Clay Loam (24.9% clay, 61.2% silt and 13.9% sand) with pH (1:1 H20) 7.56, 3.21% organic matter, 13% CaCO3, 0.152% total nitrogen and a sufficient supply of both phosphorus (POlsen 92ppm) and potassium (632ppm). Annual temperature and precipitation were 17.2oC and 955mm. The site was managed according to the Organic Agriculture (OA) guidelines (EN 2092/91) and no fertilization was applied. The experiment had a randomized plot design with eight replications. The main-plot treatments were solo cropped and intercropped spring crops (oat, broad bean and pea).  The crops were seeded in rows with a distance of 30cm between the rows. Each plot was 50m2 and each replication 250m2 with a total coverage area of 2000m2. Intercrops seeding were 1:1 ratio oat/bean and 1:1 oat/pea. Legumes and cereal seeds were sown manually on 1 and 3 December of 2002 and 2003 respectively. Furthermore the components of mixtures were mixed within each row. 

Plants were destructively sampled and the leaf area was measured using an automatic leaf area meter (Delta–T Devices Ltd, Burwell, Cambridge, UK). The sampling dates, for all parameters in the first year, were 40, 80 and 140 days after sowing (d.a.s.) and in the second were 40, 80 and 120 d.a.s. respectively. The difference of the third sampling day, between the two years (140 d.a.s. for the first and 120 d.a.s. for the second), was due to the climate conditions, which slowed down the Relative Grow Rate (RGR) of the plants. The results, on a plant basis, were converted into Leaf Area Index (LAI) by multiplying the average crop density of each plot. At each sampling date, weeds were sampled from five 0.25m2 quadrates per plot, dried at 70oC during 72 hours and dry matter (WDM) was weighted. All weeds were collected from the measured area then dried at 70oC during 72h and finally weighted, measuring their dry matter (WDM). The fraction of Photosynthetic Activate Radiation (PAR) intercepted was calculated by taking ten readings in rapid succession above the canopy and ten readings below the canopy at the soil surface using a 60cm light sensor (Sunfleck Ceptometer by Decagon devices, Pullman, Washington State, USA). The fraction of the incident PAR intercepted by the canopy (Fint PAR) was calculated with the following equation: 
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Results
The values of the LAI are presented in Table 1. At 40 days after soil (d.a.s.) in both years, the two systems (inter and solo crop) did not appear to have any statistically significant differentiation. At intercrop system plots the LAI was significant lower than the correlative solo crop plots at 120d.a.s. The highest values were observed at 140d.a.s. at the oat- broad beans intercropping plots.

The fraction of the incident PAR intercepted by the canopy (Fint PAR) is presented in Table 2. These results were similar to the aforementioned LAI results. The highest values were observed for the oat-broad beans (90% for both years at 140d.a.s.) and then at the oat-pea system. The observed differences between the two treatments of the intercrop were not statistically significant. The highest fraction of PAR intercepted for pure stands were observed at broad beans (78% in 2002 and 67% in 2003 at 140d.a.s.) and the lowest values at the solo oat crop (52% and 48% respectively).
The dry matter of weeds is presented in Table 3. From, 80d.a.s. up to 140d.a.s. in both years the least weed dry matter was observed at the intercropping systems, while the most weed dry matter observed at the pure stands. In all cases, between the crop systems (inter and solo) there were statistically essential differences observed. Furthermore, between the two intercrop types, for the significance level of 5%, there were no statistically important differences observed.
Table 1:  Leaf area index for solo and inter-crops
	
	cultivation period 2002
	cultivation period 2003

	
	40 d.a.s.
	80 d.a.s.
	140 d.a.s.
	40 d.a.s.
	80 d.a.s.
	120 d.a.s.

	Oat+pea*
	0.22
	1.89
	3.22
	0.30
	3.98
	5.05

	Oat+broad bean*
	0.24
	2.24
	3.78
	0.39
	3.21
	4.66

	Oat
	0.21
	1.22
	2.11
	0.21
	1.52
	2.71

	Pea
	0.19
	1.41
	2.42
	0.29
	1.93
	3.45

	Broad bean
	0.22
	1.67
	2.66
	0.25
	1.77
	3.32

	LSD5%
	0.07
	0.14
	0.25
	0.08
	0.16
	0.29


*Summary of LAIcerial and LAIlegume

As presented in Table 3 a 140 d.a.s. the weed dry matter at intercrop was less than the half in relation to that of the solo. Comparing the two intercrops types with pure stands, we come to the conclusion that there was less weed dry matter observed at oats-broad beans type, but the differences, between them, were not regarded as statistically essential for the level of 5%. Similar results have been also mentioned by Baumann et al. (2001).
Table 2: The percentage fraction of PAR intercept (Fint %) as affected by solo and inter-crops

	
	cultivation period 2002
	cultivation period 2003

	
	40 d.a.s.
	80 d.a.s.
	140 d.a.s.
	40 d.a.s.
	80 d.a.s.
	120 d.a.s.

	Oat+pea*
	10
	40
	82
	14
	55
	76

	Oat+broad bean*
	12
	55
	91
	19
	65
	89

	Oat
	8
	29
	52
	11
	34
	48

	Pea
	9
	32
	66
	12
	39
	61

	Broad bean
	10
	37
	78
	13
	48
	67

	LSD5%
	3
	17
	19
	4
	13
	16


*Summary of LAIcerial and LAIlegume
Table 3:  Weed dry matter (g.m-2) by solo and inter-crops
	
	cultivation period 2002
	cultivation period 2003

	
	40 d.a.s.
	80 d.a.s.
	140 d.a.s.
	40 d.a.s.
	80 d.a.s.
	120 d.a.s.

	Oat+pea*
	1.32
	6.31
	16.71
	3.24
	7.12
	14.56

	Oat+broad bean*
	1.23
	4.78
	12.32
	2.11
	4.32
	12.21

	Oat
	4.42
	15.11
	28.45
	8.12
	16.76
	27.45

	Pea
	3.20
	12.22
	24.17
	6.21
	13.42
	22.32

	Broad bean
	2.79
	9.37
	22.11
	5.31
	10.07
	18.94

	LSD5%
	1.39
	3.12
	4.92
	5.98
	3.22
	9.99


*Summary of LAIcerial and LAIlegume
Conclusions
The intercrops indicated higher soil canopy cover in comparison with the pure stands. This resulted in the increase of light interception by canopy. This fact is proved by the factor of cross-correlation between LAI and %F (light fraction) during both periods (r=0.935, p<0.001, Table 4). Shade was clearly a key factor in weed suppression for weed dry matter and weed density. The correlations coefficient between, %F (light fraction), and WDM were higher than -0.587 (p<0.001, Table 4). Concluding, the intercrop system can reduce the weed density and weed biomass, in OA, under Mediterranean condition. 
Table 4:  Correlation matrix between L.A.I., light interception (%F) and Weed dry Matter (WDM)-(r and p level)
	
	LAI
	%F (light fraction)

	WDM
	-0.527(p=0.003)
	-0.587(p=0.001)

	LAI
	--
	0.935 (p=0.001)
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