Nitrogen uptake by spring barley grown with red and white clover
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Abstract –A field experiment was undertaken to measure the uptake by spring barley of nitrogen at different distances from a boundary with either red or white clover. Clover plants at the boundary with the barley were labelled with a foliar 15N application.  Its distance from the clover boundary did not significantly affect nitrogen uptake by the barley.  However measurements of the isotopic label showed a transfer of 2.5% of the N from the red clover and 1% of the N from the white clover to the barley over short distances. The study has indicated that transfer of N between clover and cereals is spatially limited and at least within the first year, it is unlikely to provide agronomically significant supplies of N.

Introduction

Nitrogen fixation by legumes can provide an input of N to the soil of over 150 kg N ha yr-1, which can be in excess of that required by cereals.  In many low input and organic systems, legumes are used during grass leys as part of a rotation to build fertility. This allows crops that follow the ley to use the N stored in the soil, which is subsequently released by mineralisation (Watson et al. 1999).


There is however, an inefficiency in supplying N by this type of management, since substantial amounts of the N released following cultivation of a ley are susceptible to loss to the atmosphere and in drainage water (Vinten et al. 2002a; Vinten et al. 2002b). An alternative route to providing the N requirements of a cereal may therefore be to grow it synchronously with a legume, with the aim of using the transfer of N between the legume and cereal within the growing season to provide at least part of the nutrient requirement of the growing cereal.  This type of management has the added advantage of reducing the potential for nutrient loss from the system, as crop mixtures are known to be more efficient than monocultures in achieving efficient capture of resources.

Previous studies have demonstrated the potential for limited nutrient transfer in crop mixtures (Jorgensen et al. 1999), although the extent to which this can be manipulated though management remains largely unknown.  In this study we measured the uptake of N by spring barley grown together with red and white clover in order to improve our understanding of N uptake and exchange in crop mixtures.

Sites, Materials and methods

A field experiment was undertaken with spring barley and clover planted on the Craibstone Estate near Aberdeen (N 57°11’, W 2°13). The soil was a sandy loam belonging to the Boundie soil series, with a pH of 5.7 and organic carbon concentration of 3.4% (0-20 cm). In the spring of 2003, ten 6 × 20 m blocks of spring barley were planted with 6 m gaps between adjacent blocks. On 17 April 2003 the intervening gaps were planted with alternating red or white clover. In this design, each of the blocks of barley had a boundary with both red and white clover. Once the clover was established, a 15N label was applied on 6 June, to a 15 cm wide strip of clover adjacent to the barley. Ammonium sulphate (40 atom %) was applied at a rate of 4 g N m-2 to the clover plants using a fine spray using a technique similar to that described by (McNeill et al. 1997).  During application care was taken to avoid any spray contacting the barley plants, by using a plastic barrier to prevent spray drift, and a layer of absorbent towelling to protect the soil surface.  Immediately following application of the label, samples of plant material and soil were collected to determine the amount and distribution of the 15N.  Immediately prior to harvest in September, barley plants were collected from sequential rows of cereals at 11, 22, 33 and 44 cm from the clover boundary and following drying and milling were analysed for total N and their isotopic enrichment using a total N analyser linked to a mass spectrometer. The fraction of N transferred was calculated as the amount of excess 15N in the receiver plants/amount of N initially applied to clover. Larger crop samples were collected (in strips of 0.15 m × 3.5 m) at distances of 0.1, 1 and 3 m from the clover boundaries and used to determine yield and total N uptake.

Results and discussion

The N content of barley grown at different distances from the clover boundary did not differ significantly (Fig 1). However, there were differences in the uptake of 15N label by barley plants in the row adjacent to the labelled clover.  Calculations suggest that about 2.5 % of the label applied to the red clover and around 1 % of the label applied to the white clover was transferred to the above ground biomass of the adjacent barley plants.  The measurement of N transfer between adjacent crops is technically challenging, particularly under field conditions. The approach used here to characterise transfer suffers from a number of drawbacks. Thus, despite careful application of the label some soil contamination was observed (10% of the applied label). It is possible that a foliar label will behave differently to N contained in the plant roots.  Finally, the plots used for this experiment contained a significant weed population (about 50% of the plant biomass), and transfer could therefore have occurred from both clover and weed plants. Despite these difficulties the results would indicate that any transfer that does occur between clover and cereals is likely to be restricted to a narrow boundary between adjacent crops.       
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Figure 1. The N content of spring barley plants grown between blocks of clover (black bars represent straw and grey bars represent grain-N).  The numbers on the x axis refer to the distance from the clover (the subscript r being the red clover and w the white clover). The control measurements were made from barley growing adjacent to ryegrass.
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Figure 2. The percentage of 15N label recovered in barley plants at different distances from the clover boundary at harvest. The grey bars represent red clover and the white bars white clover.
The results indicate that the potential for transfer of N between clover and barley grown in adjacent blocks is very limited. Although the methodology suffers from some limitations, these may have led to an overestimation of the transfer potential.  One difficulty of using cereal/legume mixtures in order to provide the cereal with an N supply is a theoretical one.  The main demand for N by the cereal occurs early in the growing season (between April and June in Scotland).  The input of fixed N by clover however, occurs more continuously throughout the summer.  In our study the clover biomass at the time of labelling was 1000 kg ha-1. This could be associated with a N input of approximately 30 kg N ha-1 (Rees et al. 2004).  If only 5 % of that N were available to an accompanying cereal crop, then this would provide only 1.5 kg N ha-1, which is too little to have a beneficial effect on the cereal. However, crop mixtures do offer potential benefits in low input and organic farming systems.  It has been proposed that such systems are efficient at reducing nutrient loss.  It is also likely that if nutrients are retained more efficiently within the systems, that they will become available over the longer term.  Thus a subsequent cereal crop could obtain a greater N supply provided by the cumulative fixed and immobilised N of a preceding crop mixture.   

Conclusions

This study has indicated that the transfer of N between clover and an adjacent cereal crop is limited to a narrow boundary between the two crops, and that in newly established clover the amounts of N transferred are not likely to agronomically significant.  However crop/legume mixtures offer other potential benefits that warrant further investigation.
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