Can higher legume diversity reduce clover soil fatigue?
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Abstract –White clover soil fatigue is an increasing problem in Danish organic dairy farms. The clover cyst nematode (Heterodera trifolii) has been found to play a major role in the problem. Grassland legume species less readily attacked by H. trifolii and less favourable for its reproduction than white clover may offer possibilities for relieving the soil fatigue. 


In 2005, screenings were made of nine grassland legume species / varieties in a field with a rather high level of H. trifolii infestation, pre-cropped with grass/white clover, and in a field with a low infestation level, pre-cropped with maize. 


The species grouped in two: 1) White, red, alsike and kura clovers and lucerne had medium to high percentages of nematode attacks and numbers of nematodes pr root, all supported nematode reproduction well, and yields generally were significantly less in the field with higher nematode infestation. 2) Birdsfoot trefoil, black medick and crimson clover had low levels of attacks, few nematodes pr root, and yields were unaffected by field. Only one adult stage nematode occurred in this group (a black medick plant). Hence, this group appeared to be both more resistant to nematode attacks and to support nematode reproduction poorly or not at all. 

Introduction

On large organic Danish dairy farms with a high proportion of white clover in the crop rotation a new constraint has appeared for establishment of white clover. The clover plants emerge, then become stunted and eventually disappear within the same year. This white clover soil fatigue is pronounced mostly, when grass/clover is established just after ploughing a grass/clover sward. The degree of fatigue may vary from growth depression to complete loss of clover. Preliminary studies (Søegaard and Møller, 2005) have indicated that the problem is due to extensive attacks by the clover cyst nematode (Heterodera trifolii) occurring at clover emergence. However, recent studies indicate that certain fungal species of Fusarium and Pythium may aggravate the problem (Møller, unpublished). As the legume is the motor in the organic grasslands, there is an acute need of measures to overcome existing and prevent future cases of clover soil fatigue. 


On organic dairy farms white clover is the dominant legume. Grassland legume species and white clover varieties not commonly grown may be identified, which are less readily attacked by H. trifolii and less favourable for its reproduction than the widely grown white clover varieties. Such species and varieties may have nematode sanitizing effects and hence offer possibilities for both relieving and preventing the soil fatigue. Based on this hypothesis, in 2005 nine legume species and varieties were screened on high and low nematode infested land. 

Material and methods

In 2005 the experiment was carried out in an organic dairy crop rotation running since 1987 at Research Centre Foulum. The crop rotation consist of six fields: spring barley for whole crop undersown with grass/clover (I), grass/clover first year (II), grass/clover second year (III) and three years with arable crops (IV – VI). Spring barley is the first arable crop (IV). In 2003 and 2004 this spring barley was undersown with grass/clover for experimental reasons, and there was a distinct clover fatigue. Nearly all white clover plants disappeared. As a contrast, white clover was successfully established in field I, which follows forage maize (VI). 


The legumes included in the screening were two varieties of white clover (Trifolium repens) and one of red (T. pratense), alsike (T. hybridum), kura (T. ambiguum) and crimson (T. incarnatum) clover, and of lucerne (Medicago sativa), birdsfoot trefoil (Lotus corniculatus) and of black medick (Medicago lupilina) (see Table 1 for varieties). Each species was sown at a rate of 6 kg seed ha-1 on April 25 at less than 1 cm depth, in three replications, in fields I and IV. Before sowing of field I 100 kg total N ha-1 was applied in slurry. Field IV was not fertilized. Fertilization was based on expected residual effect of the previous crops in the rotation. The barley was harvested as whole crop June 28 and legumes August 23. Barley yielded 5.7 and 5.1 t dry matter (DM) in field I and IV. The proportion of legume in herbage dry matter was examined by hand separation. 


Soil probes (2 kg DW) were sampled from the top 5 cm layer of the two fields, washed over a Fenwick can and the organic residue collected on a mesh. The residue was examined in stereo and compound microscopy to enumerate cysts of H. trifolii and their status of content of eggs and larvae. Samples of 10 legume plants per plot were collected randomly at the time of harvest of the barley cover crop. The roots were rinsed in tap water until free of soil matter. Root systems were prepared in squash mount slides to ensure good root transparency. The full root system of each plant was examined in microscopy at 125-500 x magnification to ensure a good separation of H. trifolii from occasional occurrences of root gall nematodes (Meloidogyne hapla). H. trifolii juvenile stages J2-J4 and adult stages of white females, developing and mature cysts were counted for each root.

Results and discussion

The H. trifolii levels of the low-infested field (field I) was 5 empty and 1 filled (containing eggs and larvae) cysts against 50 empty and 37 filled cysts kg-1 dry soil in the high-infested field (field IV). No profound soil fatigue was seen 2005, but growth depression was obvious in field IV in more species. The species grouped in two, in terms of both performance and reaction to nematodes.

One group, consisting of white, red, alsike and kura clovers, had medium to high levels of nematode attacks in terms of both number of nematodes pr plant and percentage of plants attacked. In field I this group had moderate to high levels of attack (7-52%, Table 1). Significantly higher levels (71-90%) were found in alsike and the two white clover varieties in field IV, while kura and red clover suffered high levels of attack in both fields (47-71%) (Table 1). Levels of attack and numbers of nematodes pr root differed significantly between these species (Table 1), but species sensitivity ranking was not consistent from one field to the other. In conclusion, no true difference in nematode sensitivity was apparent. All of the five species / varieties also supported nematode reproduction well, the percentage of adult stage nematodes in attacked roots ranging from more than 50% up to 94% (red clover). 

Yields of these legumes were significantly less in field IV than in field I (2 to 4.5 fold less), except for kura clover, which for unknown reasons did not perform well (Table 1).

The second group comprised birdsfoot trefoil, black medick and crimson clover, and was characterized by low levels of nematode attacks, birdsfoot trefoil reaching the highest level (17%) in which, however, no nematode stage had developed beyond stage J2. Only a single adult stage nematode was found in this group (a black medick plant). Although statistical analysis was not applicable due to the dominance of zero and near-zero values for nematode attacks (Table 1), this group appeared to be both more resistant to nematode attacks than species in the first group, and to support nematode reproduction very poorly or not at all. Yields of birdsfoot trefoil and black medick were comparable in the two fields, although not high. As for kura clover, crimson clover did not perform well. Lucerne was intermediate to the two groups. Its yield was unaffected between the two fields and, contrary to the other legumes, it suffered a 29% nematode attack in the low-infested field against 3% in the high-infested field. A very high proportion of attacks had developed adult stage nematodes. Hence, although behaving differently in the two fields, susceptibility and support for nematode reproduction seem to be well comparable to that of the first group of legumes.

Conclusions 
 Birdsfoot trefoil, black medick and crimson clover seem to offer a potential for relieving clover soil fatigue through increasing species diversification. However, this potential needs better verification through further studies.
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Table 1. Yields and status of H. trifolii attacks of nine legume species / varieties in two fields with a low (field I) and a higher (field IV) level of H. trifolii infestation. Pre-crops: maize in field I; grass/clover in field IV.
	Species (Variety)
	
	Legume yield1
kg DM ha-1
	
	No of H. trifolii (any stage) pr root
	
	Roots attacked by H. trifolii (any stage), %
	
	Roots with adults and cysts of H. trifolii, %

	
	
	I
	
	IV
	
	I
	
	IV
	
	I
	
	IV
	
	I
	
	IV

	White clover (Milo)
	
	1262ab2
	>3
	273a
	
	0.7c
	<
	5.4a
	
	36ab
	<
	90a
	
	17abc
	<
	70a

	White clover (Alice)
	
	1270ab
	>
	358a
	
	0.3d
	<
	2.2cd
	
	15bc
	<
	71ab
	
	8bc
	0
	30b

	Red clover (Rajah)
	
	1197ab
	>
	628a
	
	1.4b
	<
	3.2b
	
	47a
	0
	71ab
	
	37a
	<
	67a

	Alsike (Ermo)
	
	1497a
	>
	424a
	
	0.1d
	<
	1.7d
	
	7c
	<
	43c
	
	4c
	<
	27b

	Kura clover
	
	-4
	
	-4
	
	2.4a
	0
	2.4bc
	
	52a
	0
	56bc
	
	28ab
	0
	44ab

	Lucerne (Daisy)
	
	391c
	0
	738a
	
	0.6cd
	>
	0.0e
	
	29abc
	>
	3d
	
	25ab
	>
	3c

	Birdsfoot trefoil (Rocco)
	
	805bc
	0
	600a
	
	0.3
	NA5
	0
	
	176
	NA
	0
	
	0
	NA
	0

	Black medick (Virgo)
	
	604c
	0
	323a
	
	0
	NA
	0.2
	
	0
	NA
	7
	
	0
	NA
	3

	Crimson clover (Blaza)
	
	-4
	
	-4
	
	0
	NA
	0.04
	
	0
	NA
	4
	
	0
	NA
	0

	P-values for main effects:

Species

Field

Species*Field
	
	0.07

3 x 10-6
2 x 10-3
	
	8 x 10-8

3 x 10-3

1 x 10-5
	
	4 x 10-6
9 x 10-4
3 x 10-4
	
	6 x 10-5
4 x 10-3
0.01


1 Yield of legume exclusive weed and barley stubble.  2 Values followed by same letter(s) within column are not significantly different (P<0.05).  3 > indicates a significantly higher value in field I than in field IV, < the opposite and 0 no difference.  4 Yields too low to be estimated. 5 Zero and near-zero data did not allow for column- and row wise statistical comparisons. 6 Exclusively J2-stage H. trifolii present.
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