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Abstract
The aim of this study was to assess whether leys used for nitrogen fixation and fodder, which cover from a fifth to more than half the acreage on organic farms, as well as short rotation coppice (SRC) used for energy purposes, have potentials as reservoirs for aphid parasitoids in organic agriculture. Exposure of cereal aphids to naturally occurring parasitoids in various crops showed that parasitoids capable of parasitizing the pest aphid Sitobion avenae were active in ley, alfalfa and SRC from spring to late autumn, but in barley fields only in mid summer. Parasitism by Aphidius sp. dominated in ley, whereas parasitism by Praon sp. was most frequent in SRC.  Alternative aphid hosts for parasitoids of S. avenae were shown to be present in late summer, late autumn and early spring in ley and SRC. Within field distribution of parasitism and prevalence of the insect pathogen  Entomophtera on aphids in spring barley fields were determined by spatially explicit sampling, but was not consistently affected by proximity to ley or SRC. The data indicate that SRC hedges and clover/grass leys in the rotation may increase diversity and activity of parasitoids attacking cereal aphids.
Key words: 
organic agriculture, parasitoids, cereal aphids, Sitobion avenae, hedgerow, ley, Aphidius, Entomophtera
Introduction
Conversion to organic agriculture on landscape changes not only management, but also crop distribution. On Danish organic farms, leys of clover/grass, alfalfa or pure clover occupy 10 to 50% of the rotated farm area, depending on farm type (Langer, 2000). Stockless organic farms have leys lasting for one season, used as green manure to  increase nitrogen supplies to the system, and on organic cattle farms, leys of one to three years duration serve as fodder and nutrient suppliers. 
As energy balances on farm and local level become increasingly important as a criteria of sustainability, short rotation coppice for energy purposes may become more widespread. In short rotation coppice (SRC) the aboveground parts are harvested every 4-5 years, leaving the soil undisturbed, as the willows regrow from stumps. Thus both SRC and leys are crops of less permanence than hedgerows and woodland, but more permanent  than annual crops.
In regions with an agricultural structure similar to that in Denmark, i.e. a high proportion of  agricultural land being in annual rotation and a low coverage of permanent grassland and other perennial crops, it is of interest to what extent biannual and semi-perennial crops like ley and SRC trees offer suitable living conditions for natural enemies, e.g. aphids parasitoids unable to survive in annual crops. Clover/grass leys and SRC both provide the resources necessary for improving parasitoid effectiveness in arable fields listed by Powell (1986): 1) flowering weeds and leguminous crop plants offering pollen and nectar for adult parasitoids during most of the growing season, 2) the presence of alternative aphid hosts at times, when aphids in cereals are scarce, and 3) undisturbed soil and plant cover in winter, offering the opportunity to overwinter in aphid mummies without being exposed to tillage. Enhanced parasitism in crop pests assumes, however, that parasitoids disperse from these habitats to the crop and switch to the target pest, which often involves a loss of effectiveness (Cameron et al., 1984; Pungerl, 1984; Powell & Wright, 1988). 
Most studies of grassland as reservoirs for parasitoids have been done under climatic conditions where all or part of the S. avenae (F.) populations are anholocyclic (Leather, 1993), i.e. overwinter as adults, and where adult parasitoids thus have access to hosts not only during the growing period but also during winter (Vickerman, 1982; Vorley, 1986). First year leys, especially those which have not been grazed or cut, seem to offer the best living conditions for parasitoids (Vickerman, 1982), and in these regions leys have been shown to function as a source of parasitoids, which migrate into adjacent cereal fields (Vorley & Wratten, 1987). 
However, the role of leys or SRC hedges as reservoirs of parasitoids is not well known under conditions where the aphid hosts are holocyclic and where parasitoids overwinter in diapause in aphid mummies. In Denmark, the three main aphids species in cereal crops, the grain aphid S. avenae, the bird-cherry aphid  Rhopalosiphum padi (L.), and the rose-grain aphid Metopolophium dirhodum (Walker)  are holocyclic, i.e. overwinter in the egg stage. Both R. padi and M. dirhodum overwinter on woody plants not belonging to agricultural systems, whereras S. avenae overwinter (as eggs when holocyclic) in winter cereal fields, grassland, ley or grasses in fields margins or hedges and may be found as fundatrices in these habitats in early spring (Höller, 1990). 
The most abundant aphid parasitoids on the three species of cereal aphids in Denmark are Aphidius ervi Haliday, A. rhopalosiphi De Stefani-Perez and Praon volucre Haliday (Sigsgaard, 1997). All three parasitoids overwinter in mummies of aphids that served as host in the summer, and in clover/grass ley not only the aphid species linked to grasses, but also species linked to legumes as Acyrthosiphon pisum (Harr.) and Therioaphis sp., can serve as hosts for parasitoids. Considerable parasitism by A. rhopalosiphi and A. picipes (Nees) on sexual morphs of S. avenae on winter wheat and volunteer cereals in autumn indicate that parasitoids overwinter in mummies close to the eggs of their hosts (Höller, 1990).
The aim of this study was to assess the potential of leys used for nitrogen fixation and fodder and short rotation coppice (SRC) used for energy purposes as reservoirs for aphid parasitoids linked to the main aphid species in cereals with focus on the grain aphid, S. avenae. Three questions were adressed: 1) are parasitoids, capable of parasitizing the cereal aphid, S. avenae, active in organic ley and in hedges of short rotation coppice before and after their period of activity in cereal fields ? 2) is parasitism of aphids in organic barley fields affected by the proximity to ley or SRC hedges ? And 3) which aphid species, found in late autumn and early spring in undersown clover/grass and in first year leys, may contribute to maintaining a local population of parasitoids?
Methods
Site and weather conditions
The investigations presented here was done in a 10 ha organically farmed experimental system established in 1995 at the experimental farm of the Royal Veterinary and Agricultural University in Taastrup (550 40' N, 12018'E) on fields previously cropped with annual crops. Hedges of SRC, consisting of a core of three species of willows (Salix viminalis L. Jor, S. dasycladus Wimmer and S. triandra x cinerea L.), bordered by hazel (Corylus avellana L.) and alder (Alnus glutinosa (L.) Gaertner), separate fields in rotation (figure 1). At the onset of the study in 1996, willows were in their first year of growth after the cutback, which is routinely applied the winter after planting. Hazel and alder were not cut back and were in their second growing year after planting. Distances between SRC hedges, and thus field lengths, were 50, 100, 150 and 200 m. From 1997 the four year rotation consisted of spring barley undersown with a mixture of clover and grass, ley,  fodder beets, and oats. In 1996 winter wheat preceeded spring barley. Ploughing was done in spring after oats and after ley. Leys was sown with a commonly used mixture of four Lolium perenne L. cultivars, red clover (Trifolium pratense L.) and white clover (T. repens L.).
Summers 1996 and 1997 were above normal in temperatures and hours of sun, whereas in 1998 temperatures and sun hours were below normal and precipitation above normal, except for a normal May  (table 1).
Exposure of S. avenae to naturally occuring parasitoids 
Activity of parasitoids was investigated in 1997 and 1998 by exposing S. avenae to naturally occuring parasitoids on trap plants placed in the different crops.
1) Trap plants consisted of ten cm pots sown with barley with 20 seeds per pot. Five days after sowing, when barley plants were two to three cm high, five to ten apterous S. avenae were placed on each plant and allowed to produce offspring for two to three days at 180C. Before exposure in the field, all adult aphids were removed. In the field, trap plants were placed on the ground in a container filled with four cm of water to exclude ground active predators. A wire net cover, similar to the one used by Milne (1995) fastened with two sticks, excluded birds and hares but not spiders or flying predators, e.g. rove beetles. Testing the number of exposed aphids before and after field exposure indicated that predator activity had no impact on results. 
After field exposure trap plants were brought to the laboratory for assessment of parasitism. With the exception of the first three sampling dates in 1997, when aphids were left on the plants when checked for mummies, all aphids were removed from the plants and incubated individually at 180C and 16 h light for a minimum of 12 days. Incubation was done in medicine cups with ventilated lids, containing water agar and a barley leaf. Incubated aphids were supplied with a fresh barley leaf every three to five  days. Aphids which died within the first ten days of incubation were dissected to assess parasitism. Mummies were removed and left to hatch in empty medicine cups at room temperature, and hatched parasitoids were identified to species, except A. rhopalosiphi and A. uzbekistanicus, which were not separated and are called  A. uzbekistanicus, following Powell (1982).  
Mummies which did not hatch within three months from incubation were identified to genus on the basis of the mummy characteristics (Powell, 1982).
2) Exposure. In 1997 two plants and in 1998 three trap plants were placed in each of the three crops (ley, undersown barley and SRC hedge) in each of three blocks (figure 1). In 1997 exposure was also done in an adjacent alfalfa field. In ley, alfalfa and barley fields trap plants were placed in the middle of the field with a distance of ten meters. In SRC hedges trap plants were placed with a distance of two meters and less than two meters from the edge to avoid the dark and cold middle of the hedge.
In 1997 exposure was done on nine occasions from 8 May to 27 Sept., in 1998 on three occasions from 11 May to 24 June. Dates for exposure of aphids in the field were chosen for optimum weather conditions in the days before and during exposure: warm and sunny, dry and not windy to ensure good conditions for parasitoid activity. Exposure time was one to three days, depending on weather. Favorable condotions were frequent in 1997, when mean daily temperatures exceeded 160 C on four of nine occasions. In 1998, all three exposures were done under unfavourable weather conditions with day temperature below 150 C and for the two June exposures, temperatures close to 00 C during the two weeks prior to exposure. 
Sampling of aphids and parasitoids in barley fields
Aphids were sampled in barley fields in the experimental system in 1996, 1997 and 1998 to assess field parasitism in different distances from SRC hedges and from ley. 
In 1996 aphids were collected in all four barley fields on six occasions between 10 July and 14 August. Sample points were located along two transects, lengthwise and crosswise. The lengthwise sample points were located 1, 2, 4 and 16 m from the SRC hedges at both ends and in mid field. The crosswise transect samples were taken 1, 2 and 4 m from the border to both adjacent fields.
In 1997 the period of aphid presence was short, from end of June to end of July, and samples in barley fields were taken just before peak aphid population (2 July) and after collapse of the aphid attack (23 July). In 1997 samples were taken in regular grids with distance between grid points across fields of ten m and lengthwise 15, 20 or 30 m, depending on field size, totaling 12 to 32 grid points per field.
In 1998 samples were taken on five occasions between  6 June and 21 July in three fields in the same sample points as in 1997. 
In all three years 5, 10 or 20 straws, depending on aphid density, were cut off at ground level in each of the sample points and brought to the laboratory.  All aphids were counted and identified to species. On dates with low densities all sampled aphids were incubated. On dates with high densities 65% to 83% of total sampled aphids were incubated. Aphids were incubated in medicine cups, and parasitoids were hatched as described above.
In 1998 also prevalence of the insect pathogenic fungus Entomophthera Cornu in incubated aphids was assessed. Percent parasitism and prevalence of Entomophthera were  calculated on basis of number of incubated aphids, assuming that the incubated specimens were a representative sample of all the aphids counted.
Sampling of aphids and parasitoids in clover/grass and alfalfa 
Aphid density and parasitism were assessed by cutting off plant material and searching it for aphids in the laboratory. Plant samples were taken in late autumn of 1997 (10 September - 3 Nov) with 54 samples in undersown clover/grass in two harvested barley fields and 31 samples in two fields of first year ley, each sample consisting of 0.09 m2. In late summer of 1998 (27 - 29 July) nine samples were taken in first year ley, and 24 samples in undersown clover/grass, each sample covering 0,06 m2. In spring 1998 (28 April - 2 June) plant samples were taken in three fields of ley with a total sampled area of 1,13 m2. In addition A.pisum were collected in an adjacent perennial alfalfa field between 28 May and 18 June 1997. Incubation of aphids was done as above. 
Data analysis
Effects of crop, field and spatial position on incidence of parasitism on trap plants (i.e. the presence of at least one parasitized aphid on a trap plant) as well as on the probability of parasitism for individual aphids situated in different crops or at various distances from SRC hedges or ley were analyzed using logistic regression (CATMOD procedure)(SAS Institute, 1989). In this analysis, comparisons among crops, fields and distances are carried out by testing the odds-ratio (p1/1-p1)/(p2/1-p2), where p1 and p2 are the probabilities of an event happening in e.g. two crops. The events occurring here are e.g. a trap plant being located by a parasitoid or an aphid being parasitized. 
Results
Exposure of S. avenae to naturally occuring parasitoids
In 1997 a total of 6154 and in 1998 2655 S. avenae were exposed to field populations of parasitoids. In 1997 23% of all trap plants exposed had at least one parasitized aphid, in 1998 7%, and 5% of all exposed aphids were parasitized in 1997 as compared to 2% in 1998 (table 2).
Parasitoid activity in different crops
In 1997, parasitoids capable of parasitizing S. avenae were found to be active in SRC hedges, leys and alfalfa from May to September, whereas in barley fields parasitism on exposed S. avenae was seen only in July, simultaneous with the occurrence of cereal aphids in the barley crop (figure 2). Within the three main crops sampled, barley, ley and SRC hedges, incidence was significantly higher (P=0.038) in SRC hedges and ley than in barley, but not different between SRC hedges and ley (table 3). Incidence of parasitism refer to presence of parasitized aphids on a trap plant, regardless of the proportion of aphids parasitized. Therefore incidence is a conservative estimate of the number of active adult parasitoids, which have located the trap plant, because all aphids parasitized by a specific parasitoid species on a trap plant may be the result of the visit to the plant by a single adult parasitoid. Incidence of parasitism was not affected by aphid density on the trap plant. 
The proportion of total number of exposed S. avenae which were parasitized was significantly highest in ley> SRC hedges = alfalfa > barley, ranging from 9% in ley to less than 1% in barley (table 2). 
As in 1997, also 1998 ley had both the highest incidence of plants with parasitism (11%) and highest overall parasitism with 3,3%, whereas only 1,8% and 1,6% of the exposed aphids were parasitized in SRC hedges and barley respectively.
Parasitoid species in the different crops
In 1997, parasitoids hatched from aphids exposed in barley and ley were mainly Aphidius, whereas in SRC hedges and alfalfa these were mainly Praon (figure 3).  Although the exposed plants were distributed over a 10 ha area, the parasitoids most often occurred simultaneously in several or all sites (table 4). On trap plants exposed in SRC hedges almost all mummies containing parasitoids of the genus Praon remained unhatched in July, whereas only 15% of the Aphidius sp. mummies from aphids exposed in ley did not hatch at this time. 
In 1998 only Aphidius was found in S. avenae exposed in ley, barley and SRC hedges.  A. ervi dominated in the SRC hedges and the ley, whereas only A. uzbekistanicus was found in barley.
Aphids, parasitism and insect pathogens in barley fields
Aphid density was low in 1996, and the mean aphid density never exceeded one aphid/straw (figure 4a). Aphids were present in the field from beginning of July to mid August, and peak aphid population was reached on 30 July, whereas maximum parasitism of 35% was reached a week later. 
Also in 1997 aphid density was low and the presence of aphids was brief, approx. one month. Mean density reached one aphid/straw on 2 July and declined quickly to 0.03 aphid/straw three weeks later. Maximum parasitism of 57% was recorded 23 July. 
In 1998 aphids were present in barley fields from beginning of June to end July (figure 4b). Density was higher than the preceeding years with a population peak of three to four  aphids/straw and simultaneously a peak of 36% in prevalence of Entomophtera on 7 July. Parasitation rate was low compared with the previous years and increased during the whole period to 16% at the end of July. 
In all three years S. avenae was the dominating aphid species (table 5). Of the parasitoids, the genus Aphidius accounted for 88-97% of the parasitism during the three years. Of the hatched individuals which could be identified to species, Aphidius ervi and A. uzbekistanicus accounted for approx. 80% of all parasitoids. 
Of the three aphid species, only M. dirhodum was parasitized by parasitoids of  the genus Praon to any extent: 30% in 1996 and 17% in 1998, but none in 1997.  In S. avenae Praon sp. was responsible for 4-8% of the total parasitism. In 1996 Praon was found mainly in the last part of the season, but in 1998 the genus was responsible for 24% of total parasitism already  before peak population. In 1997 very few Praon was found. Other Aphidius species (A. matricariae Haliday, A. picipes), other parasitoid genus (Aphelinus sp.) and hyperparasitoids (Asaphes sp., Toxares sp., Alloxysta sp., Coruna sp., Dendrocerus sp. and Phaenoglyphis sp.), amounted to 5 to 17% of total parasitism.
Overall proportion of unhatched mummies constituted 33%, 32% and 21% over the three years and could be attributed only to genus. The proportion of mummies which did not hatch increased during the summer (figure 5).
Effects of field size and proximity to SRC hedges and ley
Parasitism was affected by proximity to SRC hedges only in one out of three years: in 1996 the risk of parasitism by Praon sp. experienced by an aphid was significantly higher in samples taken 1, 2 or 4 m from the SRC hedges than in samples farther than 16 m from the SRC hedges (P=0.012). Mean parasitism by Praon sp. over the whole season was 1.4% in samples far from the SRC hedges, and 3.2% in the samples close to hedges. The risk of parasitism by Aphidius sp. differed among fields in 1996, parasitism being higher the smaller the field: 9, 13, 17 and 19 % in 200, 150, 100 and 50 m fields. As fields of similar size were not replicated this effect may be confounded with other between-field differences. Because aphid density did not differ among fields, the larger parasitism by Aphidius is not an effect of higher host density. 
In 1997 and 1998 when samples were taken in a regular grid in which the sampling point closest to the SRC hedges was at a distance of ten meters, parasitism was not affected consistently by proximity to SRC hedges or adjacent leys, or by field size.
Prevalence of Entomophtera
The prevalence of the insect pathogenic fungus Entomophtera in aphids was assessed in 1998 and reached 35% at aphid peak population on 7 July (figure 4b). During the whole season 23% of the incubated S. avenae, 16% of the incubated  M. dirhodum and 5% of R. padi died because of infection with Entomophtera. The prevalence of Entomophtera was not consistently affected by proximity to SRC hedges or by field size.
Aphids and parasitoids in undersown clover/grass and ley
Aphid hosts for the parasitoids capable of attacking S. avenae were found during the whole growing season in the clover/grass mixture, both under a growing barley crop, after barley harvest and in the following year as a first year ley.  Total aphid densities ranged from 12 to 138 aphids/m2  A. pisum was found in highest densities in both undersown clover/grass and in first year ley. In late autumn 1997 R. padi was abundant in these two habitats, S. avenae and M. dirhodum were found in low densities, and Therioaphis luteola (Børner) which lives on clover was only found in first year ley. 
Parasitism ranged from 11 to 41% (table 6). The considerable densities of aphids and parasitoids in the undersown clover/grass before and after harvest of the barley crop indicate that a population of parasitoids, especially Aphidius species, are maintained on aphids in the undersown clover/grass and on the volunteer barley plants, with the potential of being present in ley fields the following spring.
In alfalfa 618 A. pisum were collected from 28 May to 18 June 1997. Mean parasitism was 18% and decreased from 15-33% early in the period to 3-13% in mid June. Of the hatched parasitoids, A. ervi was the main species (80%) and Aphelinus abdominalis Dalman. comprised 17%.
Discussion
Protection of overall biodiversity is a fundamental goal of organic agriculture (IFOAM, 1999), and it is at present debated how an increase not only in quantity, but also in quality of both new and existing semi-natural elements may be achieved on organic farms in the future. In intensively farmed regions like Denmark, crops in rotation cover two thirds of agricultural land, and crop distribution and management greatly influence living conditions for insects in agricultural landscapes. Because organic farmers rely solely on natural control of crop pests by beneficial organisms, the potential of management methods and crops for encouraging a diverse and abundant beneficial fauna should be considered when designing local farming systems.
The experimental system studied here may be conceived as an entity consisting of annual, biannual and semi-perennial crops offering different living conditions for parasitoids of S. avenae. The results confirm Höllers (1990) findings that S. avenae are found in extremely low densities in late autumn on grass and volunteer cereals, and that its main parasitoids, Aphidius sp. and Praon sp. are active at this time (Glinwood et al., 1998). The abundance of parasitoids active in spring therefore is determined by mummies of S. avenae formed during the previous summer, as well as by the availability and parasitism of alternative aphid hosts in the autumn.  
That formation of diapausing S. avenae mummies takes place continously during the growing season,  particularly by parasitoids of the genus Praon, is in accordance with earlier studies (Lilley et al.,1994; Polgar et al., 1995). Up to 90% of such cereal aphid mummies may be killed during harvest of a cereal crop (Powell, 1986), but the undersown clover/grass provides an undisturbed habitat for the overwintering of surviving S. avenae mummies. Also overwintering mummies of a range of other aphid species contribute to the spring parasitoid activity in ley and SRC hedges seen in the present study. Both R. padi and A. pisum are found to become parasitized late in autumn in the undersown clover/grass after harvest of barley and in first year ley.  The main part of the R. padi population migrate to their primary host in late summer, but apparently a number of individuals remain on their summer host and are parasitized here in late autumn. 
The presence and activity of parasitoids in the biannual and semi-perennial crops suggest that potential for natural regulation of cereal aphids in the system is increased by the presence of undisturbed crops in the rotation. Since the mechanisms behind the activity of parasitoids are not clear, i.e. what food sources in leys and SRC hedges are important, what alternative aphid hosts are exploited by parasitoids on what host plants, etc., no operational conclusions can be drawn. The lack of consistent effects of proximity to either of the semi-perennial crops on parasitism in cereal aphids in the systems barley fields may be due to the small field sizes utilized in the experimental system. The largest experimental field is less than one hectare and is small compared with fields on average Danish farms. 
The significance of less intensively disturbed crops for the quality of agricultural landscapes as living places for insects shown here and confirmed elsewhere (Duelli et al., 1990; Duelli, 1997), emphasize the necessity of not only maintaining and increasing the semi-natural elements on organic farms, but also integrating unploughed crops in the rotation. In the future this will be especially important on stockless organic farms, where the traditionally used green manure leys during recent years are being replaced with undersown annual green manures crops, which are disturbed annually. The fatal effect of ploughing on overwintering mummies present in the crop in the autumn (Stary, 1970), and the adverse effects of tillage should be included in the continuous reevaluation of practices in organic farming, motivating the development of less tillage intensive management systems.
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