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Abstract

The root length density, arbuscular mycorrhizal (AM) colonisation and the total AM root length density of 12 winter wheat cultivars have been studied at seven sites in eastern Austria under organic farming. Root length density did not differ between the cultivars whereas AM colonisation and total AM root density did. Site effects were more pronounced than cultivar effects. All three traits generally were on a higher level in calcaric Phaeozems than in Cambisols. The AM colonisation and total AM root density decreased with increasing plant height and were positively correlated with crop yield. On calcaric Phaeozems, root length density in the subsoil was obviously more important for drought tolerance than AM colonisation in the topsoil. 
Introduction 

In organic farming, the choice of adapted cultivars and healthy seedlings are very important. Although management is quite different from conventional farming e.g. with respect to use of fertilisers and chemical plant protection, mostly the same cultivars are used in Austria and other countries. Appropriate cultivars are characterised by characteristics like their adaptation to the soil fertility management of organic farming, a high and stable yield, and an effective nutrient uptake under low-input conditions. Root characteristics like high root length or surface area, and symbioses between crop plants and micro-organisms help achieving these aims. Arbuscular mycorrhizal (AM) fungi play a key role in water uptake, availability of sparingly soluble nutrients like phosphorous (P), and crop health in low-input farming systems (Jeffries et al. 2003). For many crops, however, it is not sufficiently known if cultivars differ significantly in their ability to establish a symbiosis with AM fungi. Regarding their above mentioned functions, mainly the total AM root length density is ecologically relevant. 
The objectives of this study were to compare root length density, AM colonisation, and AM root density of 12 winter wheat cultivars under field conditions in organic farming, and to test relations with plant morphology, crop yield, and drought tolerance. 

Materials and methods 

Mycorrhizal colonisation was assessed in field trials in 3 replicates at 7 sites in eastern Austria. The sites represent acidic and calcaric Cambisols from the pre-alpine region and calcaric Phaeozems from the pannonian dry region. Available P contents in the Ap horizon were in a medium range (Table 1). Soil samples were taken in spring 2006 and 2007 during shooting of winter wheat with an auger from the topsoil at 0 – 30 cm depth. Roots were washed out of the soil and stained (Vierheilig et al. 1998). Root length density (RLD) was assessed with the gridline intersect method (Tennant 1975). AM colonisation (MYC) of the roots was assessed by microscopy (McGonigle et al. 1990). Multiplying RLD and MYC yielded AM root length density (MYC_RLD).
Crop yield was assessed as mean values of the 3 replicates at each site. At two of the sites (Sitzendorf and Oberweiden) additional experiments determined yield depression through induced drought stress generated by sheltering the plots from rain. Experimental traits were tested for cultivar and site effects by a 2-way analysis of variance and Tukey test. 

Table 1: Site characteristics 

	Site \ Trait
	Precipitation
(mm)
	Soil type
	pHCaCl2*
	PCAL*
(mg kg-1)

	Moidrams
	610
	Ca
	4.4
	 88

	Gießhübl
	938
	Ca
	7.1
	 17

	Edelhof
	610
	Ca
	6.0
	 69

	Sitzendorf
	508
	Ph
	7.4
	 63

	Dörfles
	540
	Ph
	7.5
	118

	Oberweiden
	543
	Ph
	7.4
	 53

	Obersiebenbrunn
	532
	Ph
	7.6
	 92


PCAL: available, calcium acetate lactate-extractable phosphorous; *: in the Ap horizon, 0 – 30 cm; Ca: Cambisol; Ph: Phaeozem; n.a.: not analysed.
Results 
The RLD in the topsoil did not differ between cultivars and amounted to 3 – 4 cm cm-3 on average (data not shown). AM root colonisation ranged from 14 to 20 % on average (Fig. 1). Highest degrees of AM colonisation were found in both old (Erla Kolben, cultivar registration in 1961) and new (L-PTC-01, not yet registered) cultivars. AM root length density varied around 0.5 cm cm-3. It was least for Bitop and highest for Stefanus, the other cultivars did not differ from one another (data not shown). The standard deviation was high for all traits of the wheat cultivars due to significant site effects. AM root colonisation (Fig. 2, Table 1), RLD and MYC_RLD (data not shown) in general were lower on Cambisols than on calcareous Phaeozems. 
AM root length density was correlated (P < 0.01) to RLD and AM colonisation. Both MYC and MYC_RLD decreased with increasing plant height and were correlated (P < 0.01) to crop yield (Table 2). The relative yield depression through induced drought stress on two of the Phaeozems increased with increasing AM colonisation and MYC_RLD (Table 2). 
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Mean values with the same letter are not significantly different (P < 0.05).
Figure 1: Arbuscular mycorrhizal root colonisation of the 12 tested wheat cultivars in the topsoil in 2006. Average values of 7 sites.
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Figure 2: Arbuscular mycorrhizal root colonisation in the topsoil at 7 sites in 2006. Average values of the 12 tested cultivars.
Discussion
For AM colonisation and AM root length density, only two groups of cultivars could be distinguished. Site effects, however, were considerable. In a study of Yao et al. (2001), mycorrhizal dependency was very low but varied significantly among wheat genotypes and was presumably affected by the carbohydrate partitioning between shoot and root. The general negative effect of soil available P contents on AM colonisation was not apparent. This was most probably due to an overriding pH effect on the study sites where pH values varied over a wide range (Table 1). 
Taller plant genotypes presumably allocate more carbohydrates in shoot compared to root growth and vice versa. Carbohydrate partitioning in favour of the roots in shorter plants obviously furthered AM root colonisation in the studied genotypes. The increasing relative yield depression through induced drought stress with increasing AM colonisation seems contradictory to other studies showing a drought alleviating effect of AM colonisation (Jeffries et al. 2003). First results of Schweiger (2007) indicate that root length density in the moister subsoil may be decisive for drought tolerance of wheat cultivars on the calcaric Phaeozems of this study. In our study it was obviously more important for drought tolerance than AM colonisation in the topsoil. The specific combination of traits in the studied genotypes could have overcompensated for a generally existing drought alleviating AM effect.
Table 2: Correlations (Pearson) between root length density, AM colonisation, AM root density, plant height, grain yield, and yield depression through induced drought stress.

	Trait
	N
	RLD
	MYC
	MYC_RLD

	MYC
	84
	 0.252 (0.021)
	-
	-

	MYC_RLD
	84
	 0.538 (0.000)
	 0.928 (0.000)
	-

	Plant height
	72
	-0.282 (0.016)
	-0.328 (0.005)
	-0.404 (0.000)

	Grain yield
	84
	 0.087 (0.429)
	 0.385 (0.000)
	 0.387 (0.000)

	Relative yield depression
	24
	 0.564 (0.004)
	 0.686 (0.000)
	 0.776 (0.000)


Abbreviations see text. Significance level in brackets.
Conclusions 
Differences in AM colonisation and AM root length density between the 12 tested wheat cultivars were only small but related to plant yield. Site effects were mainly due to differing soil acidity. Wheat P responsiveness to AM colonisation should be assessed to understand the agronomic importance of differences in AM colonisation.
Highest degrees of AM colonisation were found irrespective of the age of the cultivar. AM root length density decreased with increasing plant height.
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