What are the limiting factors to seed quality in organic production of grass and clover seed and how to improve yield?
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Abstract

In conventional seed production of grasses and clover it is recognised that a low plant density in the seed crop stimulates the reproductive development and hence increase seed yield. Most temperate forage species of grasses and white clover establish slowly and have a relatively poor ground cover, which limits the competition against weeds. In order to optimise quality and yield in organic grass and clover seed production alternative establishment methods have been identified. These methods enhance crop competitiveness against weeds and allow for mechanical weed control.

Establishing the under sown seed crop right between the cereal cover crop row provides a higher ground cover, and the establishment rate of the seed crop is enhanced. This method of establishment is recommended when weed density is low or where the prevailing weeds produce seeds that can be separated from the harvested grass or clover seed. Establishing the under sown seed crop in the cereal row allows for different strategies of mechanical weed control and our results show that perennial ryegrass tolerates a range of strategies of mechanical weed control including up to three harrowings. However, grass and clover species with a low seed weight and/or a slow establishment rate might not establish successfully when sown in the cereal row.

Identifying the optimal establishment technique must take the occurrence of weed species and the weed density into account. 
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Introduction

Danish seed producers hold a considerable proportion of the total EU grass and white clover seed production due to favourable climatic conditions, long tradition and expertise in this specialised production. On average more than 40% of the total EU production of grasses are grown in Denmark and 80% of the total white clover (Trifolium repens L.) production. It is a great challenge to the Danish seed growers to supply an equivalent proportion of the required organic seed, and Danish seed companies have been establishing an organic forage seed production.
Organic forage production for ruminants in Northern European farming systems is based on mixtures of various grass and clover species with the main constituents being perennial ryegrass (Lolium perenne L.) and white clover. In addition timothy (Phleum pratense L.), meadow fescue (Festuca pratensis Huds.), cocksfoot (Dactylis glomerata L.) and smooth stalked meadow grass (Poa pratensis L.), are also constituents of forage mixtures since they possess specific properties.

In Denmark a production of one of the main constituents of forage mixtures, perennial ryegrass is established and seed is available for export, however, another main constituent, white clover is still in request (Boelt, 2003). 

Temperate grass and clover species for seed production establish very slowly compared to a cereal crop and for most species a satisfactory seed yield is not obtained until their second growing season. Therefore more than 90% of the grass and clover species for seed production are established in a cover crop. The slow establishment results in weak competitiveness against weeds. Perennial grasses and clovers for seed production are normally established at low plant densities, which are found to encourage higher seed yield, however, this also leaves more room for weeds. Organic seed has to meet EU quality standards of germination and purity as a minimum, but often higher demands are requested. Due to the above-mentioned factors (slow establishment rate and low plant densities) weed control in seed crops is one of the most essential management aspects in organic seed production.

Methods

An organic crop rotation was established in 1996/97 at The Danish Institute of Agricultural Sciences, Research Centre Flakkebjerg. Organic seed production trials were established in this rotation in 1998 and additionally registrations and plant samples are collected in organic seed grower fields.

In this paper the results of three experiments are reported:

Establishment

In a field experiment different establishment methods of perennial ryegrass cv. Borvi were tested in three consecutive years from 1996-1998. The trial was performed in a conventional crop rotation. In all treatments perennial ryegrass was under sown in spring barley, and the grass seed and the barley were sown at the same time – in one field operation. Spring barley and perennial ryegrass was sown at 24 cm row spacing. Treatments included placing of the perennial ryegrass seed in the cereal row, 2 cm, 6 cm and 12 cm besides the cereal rows. The establishment rate of the under sown perennial ryegrass and first year seed yield were recorded in 1997-1999.

Additionally four grass species differing in seed weight and growth rate were established in spring barley in the organic crop rotation in order to evaluate crop competitiveness against weeds when established either in the cereal row or right between the cereal rows. These grass species were red fescue (Festuca rubra L.), perennial ryegrass, a hybrid between Italian ryegrass (Festulolium) and meadow fescue and timothy.

Strategies of mechanical weed control

In 1999 and 2000 a field experiment was established in order to investigate the tolerance of perennial ryegrass seedlings under sown in spring barley to different strategies of mechanical weed control. The spring barley was established at 24 cm row spacing except for treatment 3 where row spacing was 12 cm. Perennial ryegrass cv. Borvi were sown in the cereal row except for treatment 3 where it was sown at 12 cm row spacing placed right between the cereal rows. Different strategies of mechanical weed control were conducted in the establishment year and these included harrowing and hoeing. The establishment rate of the under sown perennial ryegrass and first year seed yield were recorded in 2000 - 2001.

Defoliation in white clover

In the organic crop rotation white clover cv. Sonja was established in spring barley in 2001-2003, and the effect on seed yield of different strategies of defoliation are recorded. Seeding rate of white clover was 1.5 kg ha-1. The treatments include defoliation at three different developmental stages. 

Results and discussion

Establishment

The experiments have shown, that the under sown perennial ryegrass has a better establishment (higher biomass production, more tillers) when sown between barley rows compared to sowing in the same row, however, in the consecutive seed production year, no difference in seed yield was recorded between the two establishment techniques. When sown between the cover crop rows ground cover by crops was higher and therefore competition against weeds is enhanced. Management guidelines are summarised in table 1. Grass species with a low seed weight such as red fescue and smooth stalked meadow grass may not establish successfully when sown in the cover crop row. 

Table 1. Management guidelines for establishment of organic grass seed crops.

	Field situation
	Optimal establishment technique

	Low weed number 

And

Weed species with seeds, that can easily be separated from the harvested grass- or clover seed
	The grass seed crop should be established between cover crop rows to obtain maximal ground cover by the two crops / no mechanical weed control

	High weed number

Or

Weed species with seeds, that can are difficult to separate from the harvested grass or clover seed
	The grass seed crop should be established in the row of the cover crop to allow for mechanical weed control between rows


Ongoing research in conventional seed fields of perennial ryegrass and red fescue show that establishment at wider row distances (up to 24 - 36 cm) does not affect seed yield compared to establishment at 12 cm row distance. These findings are very interesting since wider row spacing will allow for mechanical weed control between the rows in the seed production year. Inter-row competition against weeds are increased due to a constant seeding rate which means that by increasing the row distance from 12 to 24 cm twice as many seeds are sown at 24 cm. These experiments have not yet been conducted in organic seed fields, however they might be very promising.

One of the most essential problems in organic grass seed production on arable farms in Eastern Denmark is inadequate nutrient supply - especially nitrogen. Besides the nitrogen amount, seed crops are also very sensitive to the timing of nitrogen application. Correct timing will stimulate reproductive development whereas excessive and poorly timed nitrogen application will be in favour of vegetative growth Gislum et al. (2003). If a nitrogen-fixating pre-crop provides nutrients, the grass seed crop will take up nitrogen as soon as it is mineralised which will most likely lead to excessive vegetative growth. Mixed cropping of a grass seed and a green manure crop provides an option on timing the nitrogen release and besides it also increase the crop competitiveness against broadleaved weeds.

Strategies of mechanical weed control

As a consequence of the investigations showing that in perennial ryegrass establishment in the cereal row does not decrease seed yield although establishment rate was decreased, experiments which combine establishment methods and strategies of mechanical weed control were conducted. It is assumed, that when the seed crop is sown in the cereal row, cereal plants protect the grass seedlings during mechanical weed control (Melander & Boelt, 2003).

Table 2. The effect of mechanical weed control in a spring barley cover crop on yield in an under sown perennial ryegrass seed crop. Average of 2000 and 2001. a. Barley 3-4 leaves, b. Barley 3-4 leaves and at tillering.

	
	
	Average 2000 and 2001

(Kg ha-1)

	
	
	a.
	b.

	1. 
	Blind harrowing
	1619
	1677

	2. 
	Untreated 
	1772
	1771

	3. 
	Untreated (sown between cereal rows)
	1635
	1625

	4. 
	1 harrowing 
	1606
	1711

	5. 
	2 harrowings
	1668
	1661

	6. 
	3 harrowings
	1642
	1701

	7. 
	1 hoeing
	1671
	1690

	8. 
	2 hoeings
	1717
	1666

	LSDP<0.05
	
	 149
	 142


There were no significant difference between the different treatment strategies and in general seed yield was not reduced compared to untreated (sown between cereal rows). Except for treatment 3 all plots were established with the grass seed crop established in the cereal row at 24 cm row spacing. The trial shows that perennial ryegrass seedlings tolerate a range of strategies of mechanical weed control without imposing a decrease in yield in the subsequent seed production year. These findings are in contrast with Borm (1995), however, this might be due to the establishment of the grass seedlings in the cereal row.

Defoliation in white clover
It is a common practice to defoliate the white clover seed crop, in order to remove excessive vegetative growth, synchronise flowering and besides it also has some effect in controlling weeds. The defoliation takes place when the first flower buds appear in the leaf axils. Ongoing research show that a late defoliation in white clover i.e. four weeks after the first flower bud appeared in the leaf axils, removes a high number of flower heads and hence results in a decrease in seed yield (Boelt, unpublished data), which is in agreement with earlier findings by Nordestgaard (1986). However, defoliation is in particular relevant to organic growers since it decreases the competition from some broadleaved species. Seed yields in organic clover have been very disappointing (averaging 100 – 200 kg ha-1). Registered yields in 2001 - 2002 show an 80 per cent decrease when white clover was grown organically compared to conventional production (Boelt, 2003). It is believed that Apion damage is one of the main explanations for these low yields. Investigations in a number of organic clover seed fields in 1999 have shown that Apion damage may account for approximately 30 per cent of yield loss varying from 5 – 65 per cent (Rohde et al., 2000). However, the investigations also showed that weed control among other management techniques failed in order to obtain optimum yields. For the moment it is investigated if a late defoliation decrease Apion damage in white clover seed fields.

Identifying the optimal establishment technique for seed crops must take the occurrence of weed species and the weed density into account. Although these new management techniques will facilitate mechanical weed control, it is important to establish the seed crop in a field free of weeds that are either present in large numbers and/or which have seeds that are difficult to clean out from the harvested grass or clover seed. Therefore organic seed production of grasses and clover requires that weed control is carried out in the crop rotation in the years between seed crops. 
Conclusion

Highest competition against weeds is obtained when the cultivated crops cover as high a proportion of the ground as possible. However, most temperate forage species of grasses and white clover establish slowly and have a relatively poor ground cover. Under sowing grasses and clover right between the rows of the cereal cover crop will increase establishment and enhance crop competitiveness especially against broadleaved weeds. This establishment method does no allow for mechanical weed control.

Grass species with a high seed weight and a relatively fast growth rate such as Italian and perennial ryegrass establish successfully when sown in the cereal row. This establishment method allows for mechanical weed control and perennial ryegrass tolerates a range of strategies of mechanical weed control including up to three harrowings.

In organic white clover production some reduction of broadleaved weeds may be obtained by defoliation the crop, however, late defoliations decrease seed yield due to a removal of a large number of flower heads. 
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