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· 1. 

 Intensive agriculture often reduces biodiversity on farmed land, but the converse situation, of wildlife damaging agriculture, is also important. A striking example is agricultural damage by increasing populations of wild geese. Alternative feeding refuges, designed to reduce damage, will be most effective if the grass swards are made as attractive to geese as possible. This paper describes an explicitly experimental study in north-east Scotland during 1990–93, which investigated the effectiveness of different rates of application of nitrogenous fertilizer on the amount of grazing by pink-footed geese in spring, compared split-application with single-application of spring fertilizer, and evaluated the use of slow-release fertilizer in winter.

· 2. 

 The amount of goose grazing, measured from cumulative dropping density, increased with application rates of spring fertilizer, up to around 80 kg N ha−1, in parallel with a similar increase in grass production. Beyond this level there was little further increase, and cost-effectiveness, measured as the percentage increase in dropping density per kg N ha−1 applied, was greatly reduced.

· 3. 

 Dropping density and grass production did not differ significantly between split-application and single-application of spring fertilizer. Split-application should reduce the risk of nitrogen leaching in cold wet seasons, but the cost of application would be double that of single-application.

· 4. 

 Overall, cumulative dropping density and grass production in late May were not significantly greater in plots treated over the winter with slow-release fertilizer than in untreated plots. Dropping density was, however, higher in treated plots than in untreated ones during a short mild period in early spring. Slow-release fertilizer may be of benefit in mild winters, but is more expensive than conventional nitrogenous fertilizer.

· 5. 

 This study has shown that nitrogenous fertilizer can greatly increase goose grazing on sacrificial grassland refuges in spring and is a useful tool in reducing conflict between farmers and increasing goose populations.



Received: 20 April 2000; 26 February 2001; 
DIGITAL OBJECT IDENTIFIER (DOI)

10.1046/j.1365-2664.2001.00627.x About DOI
  

  

  

Introduction

	


	


	


	


	


	


	




Conflicts between agriculture and wildlife have attracted a considerable amount of attention in recent years, with particular emphasis on the widespread decrease in bird populations on intensively farmed land (Siriwardena et al. 1998, 2000). The consequences of agricultural change (Duncan et al. 1999) and the effectiveness of agri-environmental schemes (Bignal 1998; Ovenden, Swash & Smallshire 1998), such as the Countryside Stewardship Scheme and the use of set-aside (Henderson et al. 2000), have been widely discussed. At the same time there is a contrasting problem of damage to agriculture by wildlife, such as geese. The increasing populations of geese in the western palearctic (Madsen, Cracknell & Fox 1999) are generally acknowledged to cause damage to agriculture, particularly to grass and autumn-sown cereals, if these are grazed heavily in spring (Patterson 1991). One way to reduce such damage and consequent conflict between geese and farmers is to provide alternative feeding sites on refuges, where the birds can go when they are scared from agricultural crops (Owen 1977, 1980; Patterson 1998; Vickery & Gill 1999). However, to ensure that such refuges are effective, it is necessary to determine the best sward treatment to provide sacrificial grassland that will maximize the refuges' attractiveness to geese. Application of nitrogenous fertilizer could achieve this (Ball, Kjell & Sunesson 2000), through an increase in both the quantity and quality (protein content) of the grass. The use of artificial nitrogen fertilizer to increase the yield of grass swards in early spring is standard agricultural practice and can increase dry matter production of the sward by 10–40 kg ha−1 for every kg of nitrogen applied (Cooke 1982).

A preference for fertilized grass compared with unfertilized grass has been recorded in several goose species: barnacle geese Brantaleucopsis (Owen 1977; Bazely, Ewins & McCleery 1991; Percival 1993), brent geese Branta bernicla (Riddington, Hassall & Lane 1997; Vickery, Sutherland & Lane 1994), greylag geese Anseranser (Newton & Campbell 1970), pink-footed geese Anser brachyrhynchus (Newton & Campbell 1970) and white-fronted geese Anseralbifrons (Owen 1975). The preference is often attributed to increased protein content of the grass (Fox et al. 1991; Fox 1993; Kristiansen et al. 1998) or associated factors, such as lowered breaking strength of the grass (Conover 1991). It is clear, therefore, that geese prefer to graze fertilized swards and that application of nitrogen fertilizer should maximize the use of reserve areas by geese. It is important, however, to determine the most cost-effective rate and the best timing of fertilizer application.

The timing, rate and form of nitrogen fertilizer application in spring can have a strong influence on the production of grass swards (Long, Kennedy & Gracey 1991). Normally, nitrogen fertilizer for early spring grass is applied as a single-application, with the date of application often being related to spring temperature (Daly & Mackenzie 1983). A number of different types of nitrogenous fertilizer are available for use on grass. These can be divided into two groups: immediately available fertilizers, such as ammonium nitrate, and slow-release fertilizers, whose nutrient is slowly released over a longer period of time.

Early single-applications of immediately available nitrogenous fertilizer can be subject to losses by leaching, denitrification or volatilization (Stevens et al. 1989). This results in a potential waste of fertilizer, subsequent nutrient enrichment problems in water courses (Edwards et al. 1990) and possibly a lack of adequate nitrogen for the sward when it is most needed (Cooke 1982). Such losses in early spring application of nitrogen to winter cereals have resulted in the development of the technique of splitting the early nitrogen fertilizer treatment to improve efficiency of use compared with single-applications. Long, Kennedy & Gracey (1991) found that split-applications gave similar overall results to single-applications, with the split treatment giving significantly greater grass yields in three of eight experimental studies.

Slow-release fertilizers are designed to make nitrogen available to plants over a much longer period of time than the readily available formulations such as ammonium nitrate. Ideally, such materials should be more efficient than conventional fertilizers by releasing nutrients at a rate and time when plants are able to make maximum use of them. The use of slow-release nitrogen fertilizer applied early in the winter period should have the potential to provide available nitrogen for swards at times during the winter when moderate temperatures allow the nutrient to be taken up and utilized by grass plants. The rate of release of nitrogen by these slow-release materials can, in practice, be dependent upon a number of external factors, such as soil pH, temperature, soil moisture content, fertilizer particle size and microbial activity (Simpson 1986). Simpson (1986) considered that the slow release of nitrogen over a period of time, compared with ammonium nitrate-based materials, would reduce the risk of loss of nutrient through leaching into water courses and should lead to a consequent reduction in potential pollution problems.

The objectives of this series of experiments were to determine: (i) the level of spring application of nitrogen (as ammonium nitrate) that maximizes goose grazing; (ii) the cost-effectiveness of different levels of application of nitrogen in terms of the grazing response by geese; and (iii) the relationship between the timing of fertilizer application and goose grazing by testing (a) the effectiveness of slow-release fertilizer applied in winter and (b) split-application compared with single-application of spring-applied ammonium nitrate.

  

  

Study area

	


	


	


	


	


	


	




The study was carried out on the Royal Society for the Protection of Birds' (RSPB) reserve at the Loch of Strathbeg in north-east Scotland (Fig. 1). The reserve included a set of grass fields around the north end of the loch, which was a night roost for around 30 000 pink-footed geese Anser brachyrhynchus Baillon in spring (Waters & Cranswick 1993). The ground closest to the loch was low-lying and wet, on former wetland, whereas the fields further away were around 4 m higher, on drier sandy former cliff-line. All of the fields were in grass, with swards of varying mixtures and ages, all dominated by rye grass Lolium perenne and none less than 3 years old in 1990. All were grazed by cattle and sheep in summer, when they had regular applications of inorganic fertilizer.

  

	


	  Fig. 1.  The study site, showing the location of the fields (A–F) used in the experiments, and other grass fields on the RSPB reserve (other enclosed areas). The Loch of Strathbeg, adjacent to the reserve fields, was used as a night roost. 

[Normal View ]
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Spring fertilizer

The experiment was carried out in 1990 and 1991, in different (but adjacent) fields. The field used in 1990 had an upper drier area (Fig. 1; D1) and a lower wet area (Fig. 1; D2), which were both used. The field was marked out in a randomized block design with three experimental blocks, each comprising five strips 12 m wide and 100 m long, representing four treatment levels and a control. Strip and block boundaries were marked with short white wooden posts. The three blocks were replicated on both the upper and the lower areas of the field, to give a total of six replicates.

In 1991, the experiment was superimposed on a grass sward that had been subjected to a mowing regime in the previous summer; the sward had not been grazed by farm stock during the summer of 1990 and excessive grass growth had been managed by mowing, using 12 cm and 30 cm as height criteria for cutting, with the cuttings allowed to remain on the sward. The experiment was confined to the drier upper part of the field (Fig. 1; E1) as the lower area was waterlogged and could not be used.

Although the three major nutrients, nitrogen, phosphate and potash, are normally applied to grass during the growing season, only nitrogen was used in the experiments described in this paper. Direct response to phosphate is expected only where the level of this nutrient is of 'low' or 'very low' status (Swift et al. 1987), and the inclusion of potash could potentially have led to problems of hypermagnesemia in cattle at the higher rates of fertilizer application that were used.

Nitrogen fertilizer applied in the experiment was in the form of ammonium nitrate (34·5% w/w nitrogen). This form of artificial fertilizer is commonly applied to grassland in spring, either as ammonium nitrate alone or as compound fertilizer (with phosphate and potash), to encourage early leaf growth. Ammonium nitrate is readily available to the plant and is normally formulated as prills (spherical granules of a uniform diameter) that allow for accurate, consistent, application (Cooke 1982).

Fertilizer was applied by an agricultural contractor using a tractor-mounted pneumatic spreader with a 12-m boom. This type of spreader gives an even application across the full width of the boom, unlike the spinning disc and varispread types of applicator, where application rates are reduced at the edges of the area covered (Culpin 1986).

The spreader was calibrated on an adjacent area, to deliver fertilizer at a rate equivalent to the lowest level of treatment. Application by the spreader was made along the full length of each of the experimental strips from north to south, to include the replicate blocks in both the upper and lower areas of the field. The number of applications made per strip was determined by the level of treatment. In 1990, the fertilizer was applied on 5 March, at four different rates: 0 (control), 40, 80, 120 and 160 kg N ha−1.

In 1991, wet weather delayed fertilizer application until 18 March, even though double rear wheels were fitted to the tractor to reduce ground pressure in an effort to minimize field damage. Due to a malfunction of the applicator and to operator error, the fertilizer was applied at the heavier rates of 72, 144, 216 and 288 kg N ha−1. These would normally be regarded as excessive on farms in the north-east of Scotland, where early spring application of nitrogen fertilizer to encourage 'early bite' grass for stock is most commonly applied at the rate of 50 kg N ha−1, although rates of 80 kg N ha−1 or higher are recommended where the nitrogen status of the soil is low (Anonymous 1985).

  

  

Split-level application

The upper areas of two fields were each divided into eight experimental blocks in the spring of 1992 (Fig. 1; E1, E2, F1 and F2). Both fields had been subject to mowing treatments in previous summers, one in 1990 and one in 1991. Neither had been grazed by stock during these summers, but the grass had been mown upon reaching either a 12-cm or 30-cm height criterion.

Fertilizer was applied, using a tractor-mounted varispread applicator, to four randomly selected blocks in each of the upper two halves of the fields at a rate of 50 kg N ha−1 on 25 February 1992. The remaining blocks were treated at a rate of 25 kg N ha−1 on the same day. A further application of 25 kg N ha−1 was applied at the end of March to those blocks that had received only the lower rate of fertilizer treatment in February.

Because the rate of application was low (50 kg N ha−1), compound fertilizer with the analysis 20-10-10 (N-P-K) was used in the split-application experiment.

  

  

Slow-release fertilizer

Slow-release fertilizers were applied in winter 1992–93 on three grass fields, not used in the previous fertilizer experiments, that had been recorded as being in regular use by geese throughout the winter (Fig. 1; A, B and C). No livestock were grazed in the experimental fields from September until the beginning of May.

Nine separate blocks were established in the experimental fields, avoiding features such as lying water, patches of rushes and ditches. Each block was divided into three adjoining 25 × 25-m experimental plots. The two different fertilizer treatments were assigned randomly to the two outer plots of each block, so that they were separated by the control plot, which was always in the middle. This ensured that geese entering a fertilized area always did so from unfertilized grass and not directly from the other treatment.

Several slow-release materials have been developed commercially and generally fall into two categories, either urea-based resins such as isobutylidene diurea (IBDU) or water-soluble materials with water-resistant coatings that break down slowly allowing a slow release over a period of time (Cooke 1982; Simpson 1986). The two materials used in this experiment were IBDU (BASF Floranid, Kings Horticulture, Colchester, UK), recommended for early winter application to amenity turf, and a coated, water-soluble, nitrogen fertilizer (Lawnbuilder, Scotts UK Ltd, Godalming, UK). Both products were formulated as small free-running granules.

The fertilizer was spread using a horticultural hand-pushed spinning-disc applicator designed for the application of slow-release materials to amenity turf. The applicator was calibrated for each fertilizer to deliver a rate of nutrient equivalent to 50 kg N ha−1. The fertilizer was applied on 22 December 1992.

  

  

Dropping densities

Dropping density was used to estimate the relative amount of goose grazing on the experimental strips (Owen 1971; Bédard & Gauthier 1986; Vickery & Summers 1992) Permanent 5-m2 quadrats, each marked by a single peg, were established in each strip or plot. Such marker pegs have been found to have no effect on the density of droppings (Owen 1971). The number of quadrats per plot was related to plot area, with five in each strip of the spring fertilizer experiment, 10 in each block of the split fertilizer trial, and nine in each block of the slow-release fertilizer trial.

Counts of droppings were made immediately prior to each experiment, to test for variation between the areas selected for the different treatments, and then at approximately 2-week intervals (Vickery & Summers 1992) from the time of fertilizer application until the end of the experiment. Each sample area was a circle of 1·26 m radius, delimited by a length of cord stretched between two canes. All droppings within this area were counted and removed, to ensure that a subsequent visit would record only those droppings that had been deposited since the previous visit. In this way, cumulative totals of droppings could be calculated. When two or more droppings were encountered together (often in piles of five or more) these were recorded as a single dropping as they were likely to have originated from a single roosting bird.

  

  

Grass production

Wire mesh exclosures (Patton & Frame 1981; Percival & Houston 1992) were erected in each experimental strip or plot. Each exclosure was made from a piece of rabbit-proof wire mesh 0·5 m high and 4 m long. The mesh was folded to produce a square exclosure enclosing an area of 1 m2. A mesh roof was placed on top of each exclosure and the sides and roof edges were joined by twisting the cut ends of the mesh together. Each exclosure was pinned to the ground using one wire peg at the base of each side. The number of exclosures per plot was limited by the availability of materials, with three (1990) or four (1991) erected in each experimental strip of the spring fertilizer experiment, four in each block of the split-fertilizer trial, and two in each plot of the slow-release fertilizer trial.

Stock were excluded from the fields during the experiments, so the exclosures were considered to be robust enough, without any extra reinforcement, to withstand any pressure likely to be exerted by grazing geese. The only other grazing animals likely to encounter the exclosures were rabbits Oryctolagus cuniculus and again it was considered that the cages would be robust enough to withstand entry. The exclosures were erected immediately after fertilizer had been applied and were not disturbed or moved until the grass was harvested at the end of the experiment.

Grass under the exclosures was mown using a hedge trimmer with a 350-mm wide reciprocating knife blade, which had been tested on an area of grass not grazed by geese. It was found that by allowing the blade to rest on the ground, the grass was cut to the same height as the intensively goose-grazed areas (about 20 mm). At the end of April, each exclosure was removed and the first 100 mm of grass on two opposing sides of the protected area were mown and removed to avoid any edge effects. The trimmer was then pushed through the protected area, with the blade kept parallel to the cut edge. All cut grass was collected by hand and placed in labelled plastic net bags.

The length of cut between opposing trimmed sides of the plot was measured and recorded, so that the area harvested could be calculated. Care was taken during cutting and gathering to ensure that no mineral material was included in the collected grass, as this could greatly influence the final dry matter weight of the sample. All net bags were placed as soon as possible (the same day) in a fan-assisted drying oven where they were dried at 80 °C for 16 h. After drying, bags were removed and the weight of each was measured and recorded. The dry matter (DM) production of grass under each exclosure was calculated as g DM m−2.

Grass leaf length was assessed in late April 1990, by taking a turf sample beside each exclosure and measuring the length of the last fully emerged leaf on each of 30 stems in each sample.

  

  

Results

	


	


	


	


	


	


	




  

  

Spring fertilizer

  

  

Dropping density

In 1990, any droppings in the quadrats in the experimental strips were counted and cleared on the day that fertilizer was applied (5 March). Most quadrats contained no droppings, so that it was not possible to carry out statistical comparison of pre-treatment densities. Over the period of the experiment, there was significant variation in cumulative dropping density with nitrogen fertilizer treatment in both the upper and the lower areas of the field (Table 1). On the upper area, there was a significant increase between the control treatment and all nitrogen treatments, between the 40 kg N ha−1 and the 80 kg N ha−1 treatment levels and between the 40 kg N ha−1 and 160 kg N ha−1 treatment levels (Tukey pairwise comparison tests). There was no significant increase between the 80 kg N ha−1 rate and the higher rates. On the lower area, there was a significant increase between the control and the higher level nitrogen treatments, but not between the control and the 40 kg N ha−1 treatment. Significant differences were found between the 40 kg N ha−1 and all of the higher level nitrogen treatments, but again no significant increases in dropping density were found at treatment levels above 80 kg N ha−1.

  

  Table 1.  Mean accumulated dropping densities (number m−2) for March–May of (a) 1990 and (b) 1991 in relation to the initial rate of application of fertilizer (kg N ha−1) 

	


	Fertilizer level

Upper area

Lower area

Whole area



(a) 1990

  0

12·97 ± 0·93

13·57 ± 1·07

13·27 ± 0·70

 40

22·01 ± 0·72

18·01 ± 1·14

20·01 ± 0·76

 80

28·45 ± 1·90

28·37 ± 1·62

28·41 ± 1·23

120

26·65 ± 1·41

30·69 ± 1·27

28·67 ± 1·00

160

29·51 ± 1·25

30·91 ± 1·17

30·20 ± 0·85

(b) 1991

  0

 6·01 ± 0·20

* 

 72

13·56 ± 0·35

* 

144

15·19 ± 0·55

* 

216

15·67 ± 0·38

* 

288

16·77 ± 0·83

* 



  *Fertilizer not applied to lower area due to wet conditions. 

Upper area 1990 (F4,10 = 9·70, P = 0·002); lower area 1991 (F4,10 = 14·33, P < 0·001); no significant difference between upper and lower areas two-way anova (F1,20 = 0·09, P > 0·05) and no significant interaction between the two areas and the treatment levels (F4,20 = 0·93, P > 0·05). Upper area 1991 (F4,15 = 73·53, P < 0·001).



	



There was no significant difference between the upper and lower areas of the field and no significant interaction between area and treatment level (Table 1), suggesting that there had been no preference for either wet or dry areas and that the grazing response of geese to the fertilizer treatments was similar in the two areas.

The mean cumulative dropping density for the non-experimental areas of the field, which were treated with 50 kg N ha−1 (using compound fertilizer; 20 : 10 : 10), was 23·88 m−2, intermediate between the 40 kg N ha−1 and the 80 kg N ha−1 treatments, which had overall mean densities of 20·01 m−2 and 28·41 m−2, respectively.

In 1991, there was no significant variation in dropping density between the experimental fertilizer strips at the start of the experiment (F4,15 = 0·60, P > 0·05). Cumulative dropping density at the end of April varied significantly with the level of nitrogen fertilizer (Table 1). Increases were detected between the control strips and all nitrogen levels, but within fertilizer treatments only between 72 kg N ha−1 and 288 kg N ha−1 (Tukey tests).

Considering the data from both years, the cost-effectiveness of each application rate was estimated from the increase in dropping density (relative to the zero or control rate) per kg N ha−1 applied. Because of the variation in overall mean dropping density between years, increases in goose grazing were expressed as percentage increases (Fig. 2). The lowest application rates gave the greatest percentage increase in goose grazing per kg N ha−1 compared with zero application (Fig. 2). Higher treatment levels showed decreasing cost-effectiveness, producing relatively low percentage increases in dropping density for each additional increment of nitrogen.

  

	


	  Fig. 2.  An index of the increase in goose dropping density [calculated as a percentage of the density (number m−2) in untreated (control) areas, divided by the amount of fertilizer (kg N ha−1) applied] in relation to the application rate (kg N ha−1). The symbols show data from different areas and years: circles, field D1 in 1990; squares, field D2 in 1990; triangles, field E1 in 1991. 

[Normal View ]


  

  

Grass production

In 1990, there was a significant variation in grass production with level of nitrogen fertilizer on both the upper and lower areas of the field (Table 2). On the upper area of the field, significant increases in grass production were detected between the control and the three highest levels of nitrogen treatment; no differences were detected between different fertilizer treatments (Tukey tests). On the lower area of the field, significant increases were detected between the control and the three highest treatments and between the 40 kg N ha−1 treatment and the three higher treatments. The apparent decrease in grass production at the 160 kg N ha−1 treatment level compared with the 120 kg N ha−1 level was not significant (Tukey tests).

  

  Table 2.  Mean production of grass dry matter (g m−2) in exclosure cages for March–May of (a) 1990 and (b) 1991 in relation to initial fertilizer application rate (kg N ha−1). n = 3 in all cases 

	


	Level

Upper area

Lower area



(a) 1990

  0

 52·5 ± 14·0

 30·6 ± 7·0

 40

113·1 ± 29·4

 98·2 ± 26·4

 80

156·1 ± 20·1

186·9 ± 14·3

120

191·8 ± 16·6

241·3 ± 12·7

160

191·1 ± 21·5

172·8 ± 18·1

(b) 1991

  0

108·2 ± 22·7

* 

 72

171·6 ± 17·2

* 

144

189·0 ± 13·5

* 

216

190·0 ± 11·0

* 

288

205·0 ± 12·8

* 



  *Fertilizer was not applied to the lower area in 1991. 

Upper area 1990 (F4,10 = 4·12, P < 0·032); lower area (F4,10 = 20·84, P < 0·001); upper area 1991 (F4,15 = 5·71, P = 0·005); in 1990, no significant interaction between the area of the field and the treatment level (F4,20 = 0·79, P > 0·05) and no significant effect of area (F4,20 = 0·15, P > 0·05).



	



The mean length of the last leaves of grass shoots varied significantly with fertilizer treatment in two-way analysis of variance (with block), when data from the two halves of the field were combined, with a tendency for the leaves in control strips to be longer than those in fertilized ones (F4,15 = 3·37, P < 0·05). There was, however, no significant variation in one-way analysis, in the two halves of the field analysed separately, or between the different fertilizer levels. In contrast, there was significant variation in mean leaf length between blocks in the upper part of the field (although not in the lower one), with leaves tending to increase in length from east to west across the field (F2,12 = 4·63, P = 0·032).

In 1991, the dry weight production of grass again varied significantly with fertilizer level (Table 2). Significant increases were detected between the control and the three highest levels of treatment but no differences were detected between different treatment levels (Tukey tests).

In both 1990 and 1991, dropping density in the experimental strips increased significantly with increasing levels of grass production (Fig. 3). The mean density of goose droppings in each experimental strip in 1990 was significantly correlated with the mean grass production for that strip, both in the lower area of the field (r = 0·887, P < 0·001) and in the upper area (r = 0·724, P < 0·01), with no significant difference between the slopes of the lines for the two areas. In 1991, there was again a significant correlation between the density of goose droppings and the production of grass in each experimental strip (r = 0·749, P < 0·001). In both years, the swards were heavily grazed to around 20 mm and the slopes of the three regression lines were very similar (Fig. 3). The lower elevation of the slope in 1991 may have been related to the grazing of rabbits, which were frequently observed on the experimental area in that year.

  

	


	  Fig. 3.  Mean goose dropping density (number m−2) in relation to mean grass production (g dry weight m−2) in the strips used in the experiments with early spring fertilizer. The lines are fitted linear regressions. The symbols show data from different areas and years: triangles, field D1 in 1990; squares, field D2 in 1990; circles, field E1 in 1991. 

[Normal View ]


  

  

Split-level application

  

  

Dropping density

The mean number of droppings in both fields at the time of fertilizer application on 25 February 1992 was 0·10 m−2. This density was too low to allow statistical testing and it was assumed that there was no bias between treatment areas at the start of the experiment.

There was no significant difference in cumulative dropping density between the split-application and the single-application for either of the two experimental fields, or in the combined data for both fields (Table 3a), although dropping densities in the split-application treatments in both fields were slightly higher than those in the single-application areas. Because the blocks of the two treatments were interspersed randomly, the lack of a difference cannot be attributed to a difference in the timing of grazing.

  

  Table 3.  (a) Cumulative dropping densities (number m−2) from February–May 1992 and (b) mean grass production (g DM m−2) for the same period on two fields treated with 50 kg N ha−1 as split- and single-applications. n = 8 blocks in each field 

	


	Split

Single



Field

Mean

± SE

Mean

± SE

F 

P 



(a) Cumulative dropping densities

1

 11·31

 1·07

 10·02

 1·09

0·72

0·430

2

  9·61

 0·56

  9·40

 0·87

0·04

0·849

Combined

 10·46

 0·65

  9·71

 0·65

0·66

0·430

(b) Mean grass production

1

142·76

 8·57

164·01

 6·68

3·82

0·098

2

152·65

22·65

117·99

25·77

0·71

0·446

Combined

146·06

 8·24

141·00

15·09

0·07

0·794



	



No significant interaction was detected by two-way anova between the fertilizer treatments and the mowing regimes of the previous summers. There was no significant effect of fertilizer treatment in either mowing regime (12 cm or 30 cm) considered separately.

  

  

Grass production

There was no significant or consistent difference in grass production under the different fertilizer treatments (Table 3b). No significant interaction was detected between the fertilizer treatments and the mowing regimes of the previous summers (12 cm or 30 cm).

  

  

Slow-release fertilizer

  

  

Dropping density

There was no significant difference in cumulative goose dropping densities between treatments, either in the middle of March or at the end of April (Table 4a). There was considerable variation in the deposition rate of droppings between different counting intervals over the winter and early spring, but the only occasion when dropping density on the fertilizer treatment blocks was significantly higher than on the control ones was in counts made on 4 March 1993.

  

  Table 4.  (a) Mean cumulative dropping density (number m−2) and (b) mean grass production (g DM m−2) in plots treated with two different types of slow-release nitrogen fertilizer and in adjacent untreated areas during December–May 1992 (n = 9 in each category). There was no significant variation between treatments, either in dropping density or in grass production 

	


	Floranid N Mean ± SE

Lawnbuilder Mean ± SE

Control Mean ± SE



(a) Cumulative dropping density

December–March

 15·36 ± 0·78

 16·14 ± 1·73

 15·36 ± 1·10

December–end April*
 24·45 ± 1·77

 26·65 ± 2·35

 24·02 ± 2·38

(b) Mean grass production

203·91 ± 12·32

219·52 ± 14·11

188·75 ± 11·19



  *Application of 20 : 10 : 10 made to all plots on 11 March. 



	



  

  

Grass production

There was no significant difference in dry matter grass production between the two treatments (Table 4b), nor was there any significant correlation between mean dropping density and grass production in the same plot (r = −0·245, P > 0·05, n = 27).

  

  

Discussion

	


	


	


	


	


	


	




  

  

Spring fertilizer

The clear increase in goose grazing and in grass production after application of nitrogenous fertilizer in both years of the study suggests that the attractiveness of refuges to geese in spring would be increased by such treatment. The experiments suggest that most benefit would be obtained by applications of up to about 80 kg N ha−1, with strongly decreasing cost-effectiveness at higher application rates. Responses of geese to similar levels of fertilizer have been demonstrated in other studies, to 125 kg N ha−1 and 175 kg N ha−1 in barnacle geese (Percival 1993), to 50–150 kg N ha−1 in brent geese (Lane 1994; Vickery, Sutherland & Lane 1994; Riddington, Hassall & Lane 1997) and to 125 kg N ha−1 in white-fronted geese (Owen 1975), although all but one of these trials were carried out in autumn.

The close correlation between dropping density and grass production, which varied in a similar way with fertilizer application rate, together with the lack of variation in leaf length in the closely grazed swards (under 20 mm high), suggests that the geese were consuming all of the grass produced. It is likely that the increase in grazing of fertilized swards was a direct proportional response to an increase in biomass production, although a response to grass quality (e.g. protein content) cannot be excluded.

Extrapolation of these results, based on narrow strips, to whole refuges, where entire fields would be given fertilizer treatment, is complicated by the difference in layout between the two situations. In the experiments, the geese were able to choose between the various treatments, presented simultaneously and close together, with no barriers such as fences or hedges between them. Observations of foraging geese showed that birds moving from a fertilized strip to an unfertilized one turned round or stopped feeding significantly more often than birds feeding within a strip (I.J. Patterson, unpublished data). Such responses could explain at least part of the increased dropping densities on fertilized strips; if whole fields were treated, the geese would have to discriminate by deciding whether or not to land in a field or by altering their duration of stay, rather than by reacting to boundaries between treatments. It would be desirable to repeat the spring fertilizer experiments on a whole-field basis.

  

  

Split-level application

The lack of any significant difference either in grass production or in goose dropping density between the split-application and single-application fertilizer treatments suggests that the former supplied sufficient nitrogen for grass growth in March in that year. The additional fertilizer supplied in the single-application presumably remained unused in the soil until April. During the intervening period, there would have been a risk of leaching in wet weather, so that application in two instalments would be preferable in areas sensitive to nitrogen run-off. However, some previous work has suggested that split-applications of fertilizer in spring can be beneficial in terms of grass production (Long, Kennedy & Gracey 1991) and it is possible that this technique might be useful in seasons with warm weather in early spring.

A disadvantage of split-application is that the cost of applying the fertilizer is doubled; whether this is justified must be judged against the increased protection against leaching.

  

  

Slow-release fertilizer

There seemed to be no overall benefit of winter application of slow-release fertilizer, either to grass production or to the amount of goose grazing, as measured by cumulative dropping densities over the whole season. The brief increase in dropping densities in treated plots in early spring may have resulted from increased grass growth stimulated by the release of nitrogen following an exceptionally warm period of weather in early February. This suggests that slow-release fertilizer might increase goose grazing only in mild winters or might produce short-lived increases during mild periods in an average winter. However, the high cost of slow-release fertilizers, produced almost exclusively for the horticultural and amenity market, would be likely to be a continual constraint on their widespread use, even if they were shown to be effective.

  

  

Conclusions

The study has shown clearly that goose grazing on sacrificial grassland refuges in spring can be increased markedly by the addition of nitrogenous fertilizer. If neighbouring farmers delay the application of fertilizer to their crops until after the geese have left the area, fertilized refuges will be relatively more attractive to the birds. The use of fertilizer is thus a useful tool in the reduction of conflict between farmers and increasing goose populations.
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