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�Summary



Twenty-four field experiments over four seasons, from 2000 to 2003, researched the agronomy of organically grown sugar beet.



Consultation with growers, and a literature review, guided the direction of the field trials. Resulting changes of emphasis in the experiments were agreed with BBRO as the project evolved.



Results were presented to, and discussed with growers at site visits and meetings throughout the project.



Seed spacing need not be, in most cases, closer than 17.5 cm, as used in non-organic crops. However, closer spacing may be necessary on soils prone to slug activity and to avoid harvesting problems with overlarge beet.  



ProBioTM primed seed increased yield at only one site. It is generally accepted that primed seed gives faster and more even emergence (not recorded here) in non-organic crops, and this should allow earlier mechanical weed control. 



Weed control by tractor and hand hoeing, and rogueing gave satisfactory results at all apart from three sites where low fertility, drought and an organic soil with high weed pressure gave particular problems. 



At all bar two sites, the cost of weed control was similar to, or less than, the cost in a non-organic crop. The aim must be zero or minimal hand weeding.



Difficulty in controlling the aphid vectors of virus yellows in organic crops, and the possibility of high levels of disease acting as a source of infection for adjacent non-organic crops was a concern at the inception of the project. However, in practice, infection level was zero or very low in all experiments.  With the current area of commercial organic beet, virus yellows is unlikely to be a major limitation. 



We were not able to test the effectiveness of inter-row crops in preventing virus yellows spread due to the low incidence of infected aphids and disease. 



Establishment of vetch was poor and it was not suited to inter-row cropping with beet.



Phacelia and marigold established and grew well, but there was competition with beet from an early growth stage. They would be difficult to remove effectively in a commercial organic crop, and if they persisted, substantial yield losses could occur. If virus yellows infection becomes a greater risk to organic beet production, other methods of control or avoidance will need to be developed.



In wet conditions on heavier soils, slug grazing caused severe plant loss. The lack of an effective, commercial, field-scale organic control is a major constraint to organic beet growing on heavier soils.



There was no evidence of any slug control from either parasitic nematodes (Nemaslug) applied at sowing, or from a garlic-based preparation (Ecoguard) applied as granules or as a spray. However, these were tested in only one experiment, and much of the period between sowing and the 6-leaf stage was dry with little slug activity. Further research is needed to determine their potential under conditions more conducive to slug activity.



      �INTRODUCTION



Arable cropping has been shown to be economically and technically viable under organic management (Cormack, 1999). However, in the late 1990s, despite strong growth, the market for organic arable crops was limited to cereals, pulses and potatoes. Sugar beet was then, and remains, a major part of the rotation of many Eastern counties arable farms, and the lack of a market for organic sugar beet was seen as a key constraint to organic conversion. The production of sugar from organically-grown beet would also allow British Sugar plc to meet their market demand for organic sugar and organic animal feeds from home-grown sources and so replace imports and help protect the UK share of the EU sugar quota. Little work has been done or published on organic sugar beet production. Swedish work indicated that sugar yields of over 9 t/ha are possible (Larsson, 1999). The first UK organically grown commercial sugar beet crops were harvested in 2001. To gain information on how best to manage these crops, a programme of experiments was funded by the British Beet Research Organisation (BBRO). The objectives of the work were to identify challenges for organic beet production on different soil types in the UK and develop initial agronomic strategies to meet these challenges. 





Objectives



1. Consult growers currently producing sugar beet on organically registered land and use their experience to guide the experimental work.





2. Identify challenges for organic beet production on different soil types in the UK and develop initial agronomic strategies to meet these challenges.





2.1 Review the literature on organic sugar beet production. Include research on non-organic techniques that could be applied to organic production. 





2.2 Each year, experiments will be done on registered organic land at three sites. 





3. Assess the economics of production (i.e. cost of weed control)





CONSULTATION WITH GROWERS



At the start of the project, organic sugar beet growers on British Sugar’s contract database were consulted about their experiences and approaches to growing sugar beet on organically registered land. Feedback from them supported the experimental approach and no changes were made as a result. This was not surprising as the development of the initial proposal included feedback from organic growers.

 �Literature review



A review was completed as scheduled and delivered to BBRO on 14 November 2000. The full review is included as Appendix 1; the executive summary, as written in 2000, is copied below.



Executive summary



A UK organic sugar beet crop is planned for 2001, but the knowledge of organic sugar beet crop husbandry is not yet well developed.



Organic standards for the UK are based on European Commission regulations, and are set by the United Kingdom Register of Organic Food Standards (UKROFS).



Organic seed of only a small number of varieties will be available to the organic growers, but it is not clear how they should best be selected.



The benefits of advanced seed, compared with non-advanced seed, need to be demonstrated and a strategy for deciding the target sowing date of organic crops needs to be developed.



Apart from sodium, organic sugar beet nutrition will be a whole-rotation issue, and there is sufficient knowledge of the nutritional requirement of a sugar beet crop to enable an organic grower to plan a rotation that includes sugar beet.



That nutrition is a main determinant of yield in organic beet crops is supported by published evidence.



Inter-row mechanical weeding is an established technique for sugar beet crops, but further research is needed to optimise the timing and frequency of passes in organic crops.



Current and recent research has addressed within-row weeding and some new developments are at a research phase.  For most techniques, as within-row weeding becomes more rigorous, crop damage increases.



Research into the biological control of weeds has not yet yielded any practical control solutions appropriate to UK organic sugar beet crops.



Amendment of soil with chitin is a potential control method for seedling pests, seedling diseases and free-living nematodes.  Chitin stimulates antagonistic micro-organisms, and so is a biological control agent.  Further research is in progress to study the use of chitin for sugar beet crops.



Published research shows that some biological control of aphids could be obtained by encouraging ladybirds, lacewings and carabid beetles.  Cultural control of aphids through appropriate management of vegetation between the rows may also be possible.



Although biological control of beet cyst nematode is agronomically feasible, this problem can be controlled by good rotation management.  No control strategy for free-living nematodes that cause docking disorder is currently available to the organic grower, so infested sites should be avoided.



There are prospects for biological control of seedling diseases using micro-organisms.  This biological control could be through application of microbiological isolates, or through soil amendments that stimulate populations of micro-organisms that are antagonistic to disease-causing organisms. 

�Field experiments OVERVIEW



The proposal for this work, written in 1999/2000, outlined possible difficulties in finding sites for the field experiments.  In 2000, very few organic farmers grew sugar beet. Also, we highlighted possible problems in finding sufficient farms with suitable soil types and with sugar beet in the organic rotation during the years of this project.  We also wanted farmers with equipment and expertise such that commercially viable crops could be grown. 



However, using the contacts of both British Sugar and ADAS, suitable sites were identified covering a range of soil types (Table 1). All the sites were on land registered as organic with either the Soil Association or Organic Farmers & Growers. All seed was conventionally grown but untreated with pesticides.



Table 1. Site location and soil type.



BL�Blankney, Lincolnshire�Clay loam over limestone��WA�West Acre, Norfolk�Sandy loam��LO�Lode, Cambridgeshire�Organic sandy loam��GT�Gayton, Norfolk�Sandy loam��TT�ADAS Terrington, Norfolk�Silty clay loam��BU�Bury St Edmunds, Suffolk�Silty clay loam��SB�Stowbridge, Norfolk�Silty clay loam��

At project initiation, the three main challenges to organic production were perceived as achieving an adequate plant population, weed control and avoiding virus yellows infection. Our proposal contained plans for two experiments to be done in 2000 – on seed spacing & treatment, and on weed & virus yellows control. With experience, and in consultation with BBRO and growers, the experiments evolved as shown in Table 2. From 2001, experiment 2 was split into separate weed control (Experiment 3) and inter-row crop experiments (Experiment 4). Problems with slugs in wet summers on heavy soils prompted a single slug control experiment (Experiment 5) in 2003.



Table 2. Summary of experiments and sites.



Experiment�2000��2001��2002��2003���BL�WA�LO��BL�GT�TT��BL�BU�TT��BL�SB�TT��1 Seed spacing ��symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü����symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü����symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü�������2 Weed & virus control��symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���������������3 Weed control������symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü�����symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü�����symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü����4 Inter-row crop��������symbol 252 \f "Wingdings" \s 10�ü������symbol 252 \f "Wingdings" \s 10�ü����symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���symbol 252 \f "Wingdings" \s 10�ü���5 Slug control����������������symbol 252 \f "Wingdings" \s 10�ü���



The foot and mouth disease outbreak in 2001 caused some problems with access to sites, particularly Gayton, where livestock were present. ADAS Terrington has a pig unit and staff based there had travel constraints due to the risk of disease spread. All key assessments were made, but knowledge transfer activities were curtailed.



�Experiment 1: Seed spacing and treatment.



Objective



To examine the effect of seed spacing and seed priming on crop establishment and yield of organically grown sugar beet.



Treatments



Seed spacing



Sown to a stand, at the standard 17.5 cm spacing.

Sown at 9 cm spacing and hand-thinned to standard spacing.



Seed treatment



Standard seed.

Primed seed (ProBioTM).



Materials and methods



Experiment design was a factorial combination of two seed spacings and two seed treatments in randomised blocks with four replicates. Plot size was 6 rows by 12 m with an assessment and harvest area of 3 rows by 9 m. Row spacing was 50 cm. Seedbed preparation and drilling were carried out according to the normal commercial practice for the sites. Cultivar was Jackpot in 2000 and 2001, and Stallion in 2002. Weed control was by a combination of tractor hoeing between the rows, and hand hoeing within the row. The aim was to simulate a commercial operation with 2 to 4 tractor hoeings and 2 hand hoeings. No fertilisers or pesticides were applied to any site apart from a foliar application of manganese made at Lode in response to visual symptoms of manganese deficiency. Harvest was using a three-row plot harvester, apart from experiments at West Acre and Terrington which were hand-harvested due to particularly small and large sized beet respectively. All beet were taken to Rothamsted Research - Broom’s Barn for weighing and quality analysis. Data were analysed by Analysis of Variance.



Results and Discussion



Soil fertility was not limiting to growth, apart from the two light land sites at West Acre and Gayton, and the Bury St Edmunds site, which all had K Indices of 1, and Na of less than 10 mg/l (Table 3). These were well below the 40 mg/l threshold for Na application (Anonymous, 2003b), and in the absence of K fertiliser, yield was probably limited by nutrient supply on these experiments. Soil organic matter was also very low at the West Acre and Gayton sites, probably more a reflection of the soil texture than management.

�

Table 3. Pre-sowing soil analyses for Experiment 1.

(OM – organic matter; SMN – soil mineral nitrogen)



Site�Year�pH�P�K�Mg�OM %�Na�SMN�����Index�Index�Index��mg/l�kg/ha

0-90 cm��Blankney�2000�7.9�2�2�2�4.3�18�210��Lode�2000�7.0�2�1�2�13.5�77�224��West Acre�2000�7.2�4�2�1�1.2�5�171��Blankney�2001�7.8�2�2+�2�4.1�11�130��Gayton�2001�7.8�2�1�1�1.8�4�148��Terrington�2001�7.8�2�2-�4�2.3�12�105��Blankney�2002�7.8�1�2-�3�4.2�21�165��Bury St Edmunds�2002�7.5�1�1�1�2.8�9�116��Terrington�2002�7.9�2�3�3�4.0�11�161��

Sowing of the non-organic beet crop normally starts in early March, but this was considered to be too early for an organic crop grown without the protection of pesticides incorporated in the seed pellet. The organic crops were sown from mid-April when germination and emergence would be swifter (Table 4).



Table 4. Site details for Experiment 1.



Site�Year�Previous crop�Sown�Harvested��������Blankney�2000�Spring barley�4 May�1 November��Lode�2000�Broccoli�20 April�25 October��West Acre�2000�Winter wheat�18 April�24 October��Blankney�2001�Winter wheat�3 May�20 November��Gayton�2001�Vetch�1 May�15 November��ADAS Terrington�2001�White clover�2 May�23 November��Blankney�2002�Lucerne�12 April�25 November��Bury St Edmunds�2002�Clover�11 April�19 November��ADAS Terrington�2002�White clover�16 April�24 October��

All three crops established well in 2000. In 2001, beet again emerged well in moist and warm conditions. The crops at Blankney and Gayton established successfully, but grazing by slugs caused almost total plant loss at Terrington leading to re-sowing on 24 May. In 2002, soil conditions were excellent for sowing in mid-April, but heavy rain later in the month resulted in very wet soils and plant loss from slug grazing at Terrington and Bury St Edmunds. ProBioTM seed gave a greater plant population at West Acre. At 17.5 cm spacing, only two sites achieved the target 75,000/ha plant population (Anonymous, 2003b). Closer seed spacing increased plant population at five of the nine sites, but only four achieved 75,000/ha (Table 5).

�

Table 5. Established plant population – Experiment 1(‘000/ha).

(NS = not significant, ** = P<0.01, *** = P<0.001)



Site�Year�Seed spacing�F�Seed treatment�F����17.5 cm�9.0 cm�test�Standard�ProBioTM�test�����������Blankney�2000�88.7�138.0�***�113.0�113.7�NS��Lode�2000�54.4�56.7�NS�57.6�53.5�NS��West Acre�2000�41.4�65.2�**�42.1�64.4�**��Blankney�2001�76.9�81.3�NS�78.7�79.4�NS��Gayton�2001�49.7�52.8�NS�49.2�53.3�NS��ADAS Terrington�2001�65.1�55.9�NS�60.6�60.5�NS��Blankney�2002�72.2�106.7�***�91.5�87.5�NS��Bury St Edmunds�2002�51.9�80.6�***�64.4�68.1�NS��ADAS Terrington�2002�27.5�40.9�***�34.1�34.3�NS��

In 2000, difficulty in controlling rampant weed growth on the organic sandy loam at Lode, and low fertility and competition from perennial weeds at West Acre, probably restricted growth and reduced yield potential (Table 6). Despite the late sowings in 2001, all three sites yielded greater than 8 t/ha of sugar. Seed spacing affected sugar yield only at West Acre in 2000 despite some very marked differences in plant population. The ability of individual plants to compensate is illustrated by a yield of over 9 t/ha from only 40,000 plants/ha at Terrington in 2002, and suggests that in most situations, sowing at the normal spacing of 17.5 cm is sufficient for organic crops, as it is for non-organic crops. The only exception, in both organic and non-organic crops, is where there is an expected greater threat of plant loss from soil pests, and seed should be sown more closely. There may also be problems in machine harvesting of very large beet in such low populations. ProBioTM seed gave a greater sugar yield at Blankney in 2000, but had no effect otherwise. This reflects the generally good conditions from the late sowings. The expected faster and more even emergence from primed seed would be more likely to lead to a yield difference in the poorer growing conditions of earlier sowings. However, the other benefits of faster and even emergence, particularly in allowing early mechanical weed control, essential in organic crops, make it a useful part of organic beet agronomy.



Table 6. Sugar yield – Experiment 1 (t/ha). 

(NS = not significant, * = P<0.05)



Site�Year�     Seed spacing�F�Seed treatment�F����17.5 cm�test�test�Standard�ProBioTM�test�����������Blankney�2000�7.26�6.82�NS�6.63�7.44�*��Lode�2000�5.54�6.02�NS�5.87�5.69�NS��West Acre�2000�3.93�4.28�*�3.99�4.21�NS��Blankney�2001�8.37�8.33�NS�8.38�8.32�NS��Gayton�2001�8.21�8.81�NS�8.14�8.87�NS��ADAS Terrington�2001�9.49�9.43�NS�9.40�9.52�NS��Blankney�2002�10.10�10.59�NS�10.45�10.24�NS��Bury St Edmunds�2002�7.27�7.87�NS�7.27�7.87�NS��ADAS Terrington�2002�8.79�9.42�NS�9.12�9.09�NS��

Conclusions

	

Seed spacing for organically grown sugar beet need not be, in most cases, closer than the 17.5 cm used in non-organic crops. However, closer spacing may be necessary on soils prone to slug activity and to avoid harvesting problems with overlarge beet.  ProBioTM primed seed increased yield at only one site, but the faster and more even emergence, not recorded here, but an accepted benefit in non-organic crops, should allow earlier mechanical weed control. In wet conditions on heavier soils, slug grazing caused severe plant loss. The lack of an effective commercial field-scale organic control is a major constraint to organic beet growing on heavier soils.



�Experiment 2 - Weed and virus yellows control.





Objectives



To assess the effect of inter-row vetch on weed growth and crop yield in comparison with a “standard” tractor and hand hoed treatment.



To compare two cultivars of contrasting growth habit for ability to compete with weeds.



Background



The reason for growing inter-row crops was to provide a more uniform green crop cover. The aphid vectors of virus yellows locate young beet plants by the contrast they make against bare soil. By having a more complete ground cover of plants, the likelihood of infected aphids landing and feeding on beet plants should be reduced as they either land on the inter-row plants or move on to another field.



Treatments



Weed control / inter-row vetch as an aphid decoy.



Tractor hoed and hand-hoed as necessary.

Inter-row vetch with hand hoeing within the row.



Cultivar



Duke – a diploid variety with relatively erect growth habit.

Jackpot – a triploid variety with relatively prostrate growth habit.



Method and materials



Design was a factorial combination of two weed control methods by two cultivars in randomised blocks with four replicates. Plot size was 6 rows by 12 m with an assessment and harvest area of 3 rows by 9 m. The row spacing was 50 cm. Seedbed preparation and drilling was carried out according to the normal commercial practice for the sites. Frequency of weeding was decided by local British Sugar staff on a site basis in response to weed growth, site conditions and weather forecasts. The aim was to simulate a commercial operation with 2 to 4 tractor hoeings and 2 hand hoeings. The vetch was sown using a modified Horstine Farmery granule applicator fitted to the beet drill. This sowed a 30 cm band of vetch in the inter-row space and covered it with soil using a drill-mounted harrow. The plan was to remove the vetch using a hoe or hand-strimmer when the beet reached the 10-12 true leaf stage and were no longer susceptible to virus yellows infection from feeding aphids. Those plots would then have subsequently been tractor hoed as necessary for weed control. No fertilisers or pesticides were applied to any site but a foliar application of manganese was made at Lode in response to visual symptoms of manganese deficiency seen in June. Harvest at Blankney and Lode was by a British Sugar three-row plot harvester. Harvest at West Acre was by hand due to the smaller size of the beet. All beet from the harvest area was taken to Rothamsted Research - Broom’s Barn for weighing and quality analysis. 





Results



Intended sowing date was mid-April as it was thought that earlier sowing would give an increased risk of reduced establishment due to slower growth in poorer conditions exposing the unprotected (by seed pellet incorporated pesticides) to greater losses than in a non-organic crop. However, very wet weather in April delayed sowing significantly, particularly on the heavier soil at Blankney (Table 7).



Table 7. Site details for Experiment 2.



Site�Previous crop�Sowing date�Harvest date��Blankney�Spring barley�4 May�1 November��Lode �Broccoli�20 April�25 October��West Acre�Winter wheat�18 April�24 October��

All sites had a relatively high pH, and an adequate P and K level (Table 8). Sodium was very low at West Acre, well within the range normally responding to applied sodium chloride. None was applied as this is normally done in autumn to reduce possible negative effects on plant establishment and the sites were not located until late March. Soil mineral nitrogen levels were high but the very high rainfall in April and May (around 200 % of the 50 year average at Terrington) would have led to considerable leaching losses before plants became established and able to make a significant uptake of nitrogen.



Table 8. Pre-sowing soil analysis for Experiment 2.

(OM – organic matter; SMN – soil mineral nitrogen)



Site 

�Sampling date�pH�P

index�K

index�Mg

index�OM

%�Na mg/l�SMN kg/ha

0-90 cm��Blankney�22 March�7.9�2�2�2�4.3�18�210��Lode�10 April�7.0�2�1�2�13.5�77�224��West Acre�24 March�7.2�4�2�1�1.2�5�171��



Vetch failed to establish at any site. It was re-sown by hand in mid-May but again failed to establish. The reason for failure is not clear, but it may have been due to poor seed quality, although a sample was not retained so this could not be verified. As the vetch failed, the two weed control treatments were subsequently managed similarly by tractor and hand hoeing across the whole experiment. As a result, subsequent assessments are presented only for the two cultivars, with effectively eight replications.



Following sowing at West Acre and Lode, there was a two-week period of heavy rain. This caused considerable soil slumping and reduced emergence of plants compared with the later sown Blankney site where the two weeks following sowing were dry. Established plant population was excellent at Blankney but below the normal target of 75,000/ha at both West Acre and Lode (Table 3). There was a greater plant population from Duke at West Acre (F pr. 0.01). There was a similar trend at the other two sites but the F test probability was greater than 0.05.



Losses of plants post-emergence were low. At Blankney, plant loss was recorded in four plots (5, 4, 12 and 7 plants respectively) all identified as probably due to grazing by Hares. At West Acre there were losses in seven plots (3, 1, 2, 2, 1, 4 and 2 plants respectively) all identified as probably due to fungal infection. At Lode, the high density of seedling weeds, and soil cover from tractor hoeing made it difficult to subsequently locate the cocktail sticks so counts were not possible.

�

Table 9. Established plant population – Experiment 2 (‘000/ha).

(NS = not significant, ** = P<0.01)



Site�Cultivar�F�SE���Duke�Jackpot�Mean�test�(7 df)���������Blankney�78.1�73.4�75.8�NS�1.94���������Lode�63.3�52.7�58.0�NS�3.27���������West Acre�58.7�41.7�50.2�**�2.34��



There were no consistent effects of cultivar on crop vigour or on beet or weed ground cover. 



As the vetch failed, aphids were counted on twenty plants across the experiment, not on every plot. No green aphids were found, only a few black aphids late in the season. No symptoms of virus yellows were seen in any plant at any site.



Weed counts were not done as the failure of the vetch to grow resulted in only one weed control treatment being applied across the whole experiment. Also, it was found that any subtleties in weed growth resulting from differential beet cultivar growth habit could not be determined in small plots and would need work on a larger scale to elucidate.



Yield



Yield of clean beet yield adjusted to 16 % sugar was not affected by cultivar at any site. Mean yield was 51.2 t/ha at Blankney, 39.2 t/ha at Lode and 21.0 t/ha at West Acre. 



Root sugar percentage averaged 16.9 % at Blankney, 16.4 % at Lode and 16.15 % at West Acre (Table 4). Jackpot had a higher root sugar percentage than Duke at both Blankney (P<0.001) and Lode (P< 0.001).



Sugar yield was not affected by cultivar at any site. Sugar yield averaged 8.19 t/ha at Blankney, 6.28 t/ha at Lode and 3.36 t/ha at West Acre. 



Root quality



Root potassium was greater from Jackpot at Blankney (P<0.001), Lode (P<0.001) and West Acre (P<0.001). 



Root sodium was not affected by cultivar. It averaged 0.418 meq/100 g beet at Blankney, 1.227 meq/100 g beet at Lode and 0.532 meq/100 g beet at West Acre.



Root amino nitrogen was highest at West Acre, possible because of late access to leached nitrogen that led to a late growth spurt following the dry summer. Root amino nitrogen was higher from Jackpot at Blankney (0.190	vs. 0.419 meq/100g beet (P<0.001)), Lode (0.495 vs. 0.794 meq/100g beet (P<0.001)) and West Acre (0.697 vs. 0.929 meq/100g beet (P<0.001)). 

�Cost of weed control



Due to the failure of the vetch, weed control was uniform across the experiments. There was no differential weed control by cultivar, so costs are for weed control as applied over the whole experiment (Table 10). 



In John Nix Farm management Pocketbook 2000, on page 27, the total cost for sprays for growing sugar beet conventionally is estimated to be £155/ha. He estimates that a minimum of 85 % of the £155, i.e. £131, would be for herbicides. An additional cost of approximate £7/ha per pass would be incurred in applying the herbicides (John Nix page 144). For four spray applications, this would give a total weed control cost of £159/ha. The cost at Blankney was only £22/ha higher than this but in the greater weed pressures at the other two sites, the total costs of weed control were up to four times the cost of a typical non-organic growing system.



Table 10. Weed control inputs and estimated costs for Experiment 2.



�Blankney�Lode�West Acre�������Tractor hoe passes�2�4�5��Cost £/ha*�55�110�137.5�������Hand hoe passes�2�4�4��Total time hour/ha**�21�65�87��Cost £/ha�126�390�522�������Total cost £/ha�181�500�659.6��

* Cost of £27.50/ha for use farmers’ own equipment taken from: John Nix, Farm management Pocketbook, 2000.

** Hourly rate of £6 assumed.



Conclusions



The failure of vetch to establish at any site, despite re-sowing, prevented the main objective of the experiment being realised.  Weed counts were not made because of the failure of the vetch, but weed scores and observations suggested that to evaluate growth habit of cultivar on weed growth would need more detailed study than possible in this project. Therefore, work on cultivars was discontinued. However, even though very few virus yellows infected plants were recorded, it was considered worthwhile persisting with the inter-row crops as this were seen as the most promising approach to virus yellows control in the absence of pesticides. Because of the establishment problems with vetch, additional species were introduced from 2002 in Experiment 4. Weed control costs at all three sites were greater than on non-organic crops. However, two sites had particular inherent problems causing the high costs. At Lode, the high weed seed burden in the organic sandy loam soil, and at West Acre uncompetitive beet growth due to low soil fertility, made them unsuitable sites for organic sugar beet. At Blankney, without these issues, weed control cost at £181/ha was close to the £159/ha quoted by John Nix for a non-organic crop. Therefore, in a well managed crop, the indication was that weed control need not be prohibitive. The key factor is to minimise hand weeding as this is much more costly than tractor hoeing.

�Experiment 3 - Weed control





Objectives



To compare weed control strategies for organically grown beet.





Treatments (2001 & 2002)



Control - tractor hoeing and hand weeding within the row as necessary to keep free from weeds.



Hand hoe once at 2/4 leaf stage followed by tractor hoeing as necessary. No finger weeders.



Hand hoe once at 2/4 leaf stage followed by tractor hoeing as necessary. Finger weeders to be attached to the hoe.





Treatments (2003)



For 2003, the treatments were simplified to represent a crop grown commercially without hand weeding and to compare the effect of the presence or absence of finger weeders attached to the hoe. 



Tractor hoe as necessary. No finger weeders.



Tractor hoe as necessary. Finger weeders to be attached to the hoe.



No hand hoeing to be done in either treatment.





Materials and methods 



Design was a randomised block with five replicates. Plot size was 6 rows by 12 m with an assessment and harvest area of 3 rows by 9 m. The row spacing was 50 cm. Seedbed preparation and drilling was be carried out according to the normal commercial practice for the sites. All seed was conventionally grown but untreated with pesticides. Except where specified, the frequency of weeding was decided by local BS staff on a site basis in response to weed growth, site conditions and weather forecasts. Late germinating weeds such as fat hen, and perennial weeds such as creeping thistle were hand pulled where they were deemed to be a restriction to mechanical harvest or were otherwise significantly impeding crop growth. Harvest was by a British Sugar three-row plot harvester. All beet from the harvest area was taken to Rothamsted Research-Broom’s Barn for weighing and quality analysis. No fertilisers or pesticides were applied to either site.



�

Table 11. Site details for Experiment 3.



Year�Site�Previous crop�Sowing date�Harvest date��2001�Blankney�Spring barley�3 May �20 November���Gayton�Vetch�1 May�15 November��������2002�Blankney�Lucerne�12 April�25 November���Bury St Edmunds�Clover�11 April�20 November��������2003�Blankney�Winter wheat�10 April�24 November���Stowbridge�Winter wheat�9 April�18 November��

Table 12. Pre-sowing soil analysis for Experiment 3.

(OM – organic matter; SMN – soil mineral nitrogen)



Site 

�Sampling date�pH�P

index�K

index�Mg

index�OM

%�Na 

mg/l�SMN kg/ha

0-90 cm��Blankney    �22/03/01�7.9�2�2�2�4.3�18�210��Gayton       �10/04/01�7.8�2�1�1�1.8�4�148��Blankney   �12/04/02�7.8�1�2-�3�4.2�21�165��Bury           �11/04/02�7.5�1�1�1�2.8�9�116��Blankney�17/04/03�7.8�1�2-�2�4.6�13�314��Stowbridge�17/04/03�8.2�3�3�3�4.4�11�250��



Results



2001



Sowing was late at both sites because of persistently wet weather. Beet established and grew well in the warm conditions, and adequate rainfall prevented drought stress. Rapid crop growth provided good control of weeds.



At Blankney, crop vigour, and beet and weed ground cover were assessed on six dates between June and September. There were no differences between treatments at any date. FMD movement restrictions prevented ADAS staff visiting the Gayton site all season. The experiment was successfully completed but only limited growth assessments were made. Crop vigour was unaffected by treatment when assessed in July, but there was a significantly greater weed ground cover (P=0.004) on 16 July where the finger weeder had been used – averaging 9.8% compared with 1.6% without finger weeders and 1.6% for the control. Established plant population was unaffected by treatment at either site (Table 14).



Yield of clean beet yield adjusted to 16 % sugar was not affected by treatment at either site. Mean yield was 59.6 t/ha at Blankney and 59.1 t/ha at Gayton. Root sugar percentage averaged 17.5 % at Blankney and 16.3 % at Gayton. It was unaffected by treatment. Excellent growing conditions led to good yields despite the late sowing. Sugar yield was, as a result, unaffected by treatment and averaged 9.5 t/ha at both sites (Table 16).



Treatments had no effect on root potassium, sodium or amino nitrogen. 

 



2002



Both sites were sown in good soil conditions following a dry period. Substantial rain fell in late April causing emergence problems due to soil capping and slug grazing at Bury St Edmunds. Once established, beet grew well at both sites. Late season growth at Bury was slow, probably because of low levels of available nutrients. The soil mineral nitrogen at Bury was the lowest of all the experiment 3 sites at only 116 kg/ha to 90 cm. The relatively poor beet growth was reflected in higher weed ground cover than at Blankney.



At Blankney, crop vigour, and beet and weed ground cover were assessed on six dates between June and October. There were no differences between treatments at any date. At Bury, crop vigour, and beet and weed ground cover were assessed on four dates between June and October. There were no differences between treatments at any date. Weed numbers were counted after the last hoeing (Table 15). For most weed species, there was no effect of treatment. However, for chickweed and redshank at Blankney, and chickweed and scarlet pimpernel at Bury St Edmunds, there were significant treatment effects.  These were not consistent, and are unlikely to have been real differences.



Plant populations were good at Blankney and acceptable at Bury St Edmunds (Table 14). Treatments had no effect on plant population.



The yield at Blankney was again good, averaging 9.87 t/ha of sugar (Table 16). The yield at Bury St Edmunds was relatively poor because of some plant loss due to slug grazing during emergence, and poor late season growth discussed above. There were no differences in yield between weed control strategies in either experiment. 

 

Treatments had no effect on root potassium, sodium or amino nitrogen. 





2003



The Stowbridge experiment was sown in good conditions and established and grew well, resulting in the best yielding crop of any in the project.  The Blankney experiment established reasonably but plant population was lower than in earlier years, probably mainly because of the dry season. The site was also affected by extensive re-growth of lucerne from the previous crop. This deep-rooted perennial crop was difficult to control by hoeing and probably will have reduced yield and masked treatment effects. The lucerne and fat hen were controlled by topping three times during June and July on all treatments. Drought stress in the hot dry summer also visibly affected the beet, and was more marked than on the deeper and more water retentive soils at Stowbridge and Terrington. Fertility was not an issue as, at 314 kg/ha, the site had one of the highest pre-planting soil mineral nitrogen levels of any experiment (Table 12).



At both Blankney and Stowbridge, treatments had no effects on crop vigour, and beet and weed ground cover assessed between May and October. Weed numbers were counted after the last hoeing  (Table 15). For all weed species, there was no effect of treatment. 



Plant populations were slightly below optimum at Blankney and close to optimum at Stowbridge  (Table 14). Treatment had no effect on plant population.



The yield at Blankney was modest, averaging only 6.81 t/ha of sugar (Table 16). The sugar yield at Stowbridge was excellent at over 15 t/ha, reflecting the inherent fertility of the silty clay loam soil and the absence of restrictions to establishment such as slug grazing. There were no differences in yield between weed control strategies in either experiment. 

 

Treatments had no effect on root potassium, sodium or amino nitrogen. 





Table 13. Dates of weed control operations –Experiment 3.



�Hand and tractor hoe as necessary�Hand hoe once at 2/4 leaf, tractor hoe as necessary. No finger weeders�Hand hoe once at 2/4 leaf, tractor hoe as necessary. Use finger weeders��2001�����Blankney    �

01 June tractor hoe

26 June tractor hoe

18 July hand rouged 

03 August hand rouged�20 May hand hoe

01 June tractor hoe

26 June tractor hoe

18 July hand rouged 

03 August hand rouged

�20 May hand hoe

01 June tractor hoe

26 June tractor hoe

18 July hand rouged 

03 August hand rouged

��Gayton       �12 June tractor hoe

18 June hand hoe

18 June tractor hoe

17 July hand rouged�12 June tractor hoe

18 June hand hoe

18 June tractor hoe

17 July hand rouged�12 June tractor hoe

18 June hand hoe

18 June tractor hoe

17 July hand rouged�������2002�����Blankney   �

30 May tractor hoe

14 June tractor hoe

18 July hand rouged

23 July hand rouged�21 May hand hoed

30 May tractor hoe

14 June tractor hoe

18 July hand rouged

23 July hand rouged�21 May hand hoed

30 May tractor hoe

14 June tractor hoe

18 July hand rouged

23 July hand rouged

��Bury           �09 June tractor hoe

20 June tractor hoe

23 July tractor hoe

21 June hand hoe

25 July hand hoe�09 June tractor hoe

20 June tractor hoe

23 July tractor hoe

21 June hand hoe

�09 June tractor hoe

20 June tractor hoe

23 July tractor hoe

21 June hand hoe

�������





2003�Tractor hoe as necessary. No finger weeders.�Tractor hoe as necessary. Finger weeders to be attached to the hoe.��������Blankney�19 May tractor hoe

30 May tractor hoe

16 June topped

28 June topped

24 July topped

�19 May tractor hoe

30 May tractor hoe

16 June topped

28 June topped

24 July topped���Stowbridge�30 April tractor hoe

25 June tractor hoe

�30 April tractor hoe

25 June tractor hoe���



�



Table 14. Established plant population – Experiment 3 (‘000/ha).

(NS = not significant)











2001�Hand and tractor hoe as necessary�Hand hoe once at 2/4 leaf, tractor hoe as necessary. No finger weeders�Hand hoe once at 2/4 leaf, tractor hoe as necessary. With finger weeders�Mean�F 

test�SE 

(8 df)��Blankney    �75.3�81.0�75.7�77.3�NS�3.054��Gayton       �63.0�66.5�64.6�64.7�NS�3.749����������

2002��������Blankney   �70.0�71.6�76.6�72.7�NS�4.558��Bury           �69.0�69.0�63.7�67.3�NS�3.234����������







2003�Tractor hoe as necessary. No finger weeders.�Tractor hoe as necessary. 

With finger weeders.������Blankney�57.0�53.3��55.1�NS�2.714��Stowbridge�69.4�70.4��69.9�NS�2.869��

�

Table 15. Weed number by species counted after the final hoeing - Experiment 3 (No. per m2).

(NS = not significant, * = P<0.05, *** = P<0.001)



������2002��Finger weeders�F���Control�Without�With�Test��Blankney ������������Redshank�4.0�1.2�6.8�*��Chickweed�3.2�6.8�10.8�***��Black bindweed�5.6�9.2�7.2�NS��Speedwell spp�2.4�1.6�2.4�NS��Poppy�0.8�2.0�0.4�NS��Scarlet pimpernel�0.0�1.2�0.0�NS��Charlock�0.0�0.4�0.4�NS��Sow thistle�8.6�4.8�4.4�NS��������Bury St Edmunds �����������Speedwell spp�6.0�9.2�10.4�NS��Chickweed�3.6�13.6�9.6�*��Black bindweed�0.8�3.2�0.8�NS��Scarlet pimpernel�5.6�14.8�19.2�*��Fat hen�0.0�0.0�0.4�NS��������������2003�Finger weeders�����Without�With����Blankney������������Fat hen�11.6�10.5��NS��Lucerne�8.2�7.0��NS��Couch grass�6.6�5.8��NS��Vetch�0.7�0.0��NS��Sow thistle�0.8�0.7��NS��������Stowbridge ������������Chickweed�9.4�8.0��NS��Knotgrass�0.6�0.6��NS��Annual nettle�4.2�4.4��NS��Groundsel�0.4�0.2��NS��Speedwell spp�2.2�0.8��NS��Sow thistle�1.6�2.2��NS��Clover spp�0.8�2.2��NS��Black bindweed�0.2�0.2��NS��Annual meadow grass�1.4�0.0��NS��������

�



Table 16. Sugar yield –Experiment 3 (t/ha).











2001�Hand and tractor hoe as necessary�Hand hoe once at 2/4 leaf, tractor hoe as necessary. No finger weeders�Hand hoe once at 2/4 leaf, tractor hoe as necessary. With finger weeders�Mean�F test�SE 

(8 df)��Blankney    �9.46�9.69�9.45�9.54�NS�0.158��Gayton       �9.49�9.82�9.08�9.46�NS�0.358����������

2002��������Blankney   �10.01�10.12�9.40�9.87�NS�0.394��Bury           �7.84�7.95�7.96�7.91�NS�0.277����������







2003�Tractor hoe as necessary. No finger weeders.�Tractor hoe as necessary. With finger weeders������Blankney�7.01�6.61��6.81�NS�0.353��Stowbridge�15.77�15.60��15.68�NS�0.174��

Cost of weed control



As discussed in the section on Experiment 2 above, for four spray applications, the John Nix Farm Management Pocketbook 2000 gives a total weed control cost of £159/ha. To allow comparison of figures, the costs for weed control in 2001, 2002 and 2003 have also been calculated using the John Nix 2002 figures (Table 17). As there was little difference in the number of operations by treatment and no effects of treatments on yield, a single cost has been calculated for each trial, based on the control treatment in 2001 and 2002. In 2003, the only difference between treatments was the presence or absence of finger weeders. The number of passes of the hoe was the same so the costs calculated would apply to either treatment. The costs in all six trials was below that of a non-organic crop, and weed control was satisfactory at all sites apart from Blankney in 2003 when late growth of fat hen and lucerne was exacerbated by poor competition form a drought stressed crop. The objective must be to grow organic beet crops with zero, or minimal, hand weeding as this is expensive, slow and difficult to source in many areas.

�Table 17. Weed control inputs and estimated costs for Experiment 3.



�����2001�Blankney�Gayton��������Tractor hoe passes�2�2���Cost £/ha*�55�55��������Hand hoe passes�0�1���Total time hour/ha**��5���Cost £/ha��30��������Hand rougeing�0�1���Total time hour/ha��3.3���Cost £/ha��20��������Total cost £/ha�55�105�������������2002�Blankney�Bury St Edmunds��������Tractor hoe passes�2�3���Cost £/ha*�55�82.5��������Hand hoe passes�0�2���Total time hour/ha**��6���Cost £/ha��24��������Hand rougeing�2�0���Total time hour/ha�16����Cost £/ha�96���������Total cost £/ha�151�106.5��������2003�Blankney�Stowbridge��������Tractor hoe passes�2�2���Cost £/ha*�55�55��������Topping�3�0���Cost £/ha***�57���������Hand rougeing�0�0���Total time hour/ha�����Cost £/ha����������Total cost £/ha�112�55���

* Cost of £27.50/ha for use farmers’ own equipment taken from: John Nix, Farm management Pocketbook, 2000.

** Hourly rate of £6 assumed.

*** Farmer’s cost of £18.50 /ha taken from John Nix, 2000.



Conclusions



To achieve costs of weed control competitive with non-organic crops, the objective must be zero or minimal hand weeding. Tractor hoeing with limited or no hand hoeing or hand rougeing gave satisfactory weed control at five of the six sites in Experiment 3. Weedy crops were symptoms of inherent site and season issues resulting in poor and non-competitive beet growth, rather than the result of poor weed control activities. Where beet established and grew well, as at Stowbridge, little weeding was needed and yields were good. Where drought (as at Blankney in 2003) or low fertility (as at West Acre in Experiment 2 in 2000) occurred, beet growth and yield was poor and weeds were allowed to grow with less competition. Therefore, the best weed control must be a well-established crop grown in a fertile soil. The cost of weed control at the majority of sites was equal to, or less than, the cost of a non-organic crop.

�Experiment 4 – Inter-row crops as an aphid decoy to reduce the risk of virus yellows infection



Objective



To assess the impact of inter-crops on the performance of organically grown beet. 



Background



The reason for growing inter-row crops is to provide a more uniform green crop cover. The aphid vectors of virus yellows locate young beet plants by the contrast they make against bare soil. By having a more complete ground cover of plants, the likelihood of infected aphids landing and feeding on beet plants should be reduced as they either land on the inter-row plants or move on to another field.



Virus yellows were not encountered at more than trace level in any of the experiments. This was not unexpected, a) due to the small area of organic beet unprotected by aphicides, and b) due to the high proportion of the non-organic crop protected by currently very effective aphicides. The objective of experiment 4 was to determine how best to establish an inter-row crop, and what impact that may have on the growth and yield of beet in the absence of virus yellows. That knowledge will be useful if the area of beet untreated with aphicide, organic or other, increases substantially in the future.



Treatments



2001



Control – no vetch intercrop, tractor hoed and hand hoed as necessary.

Vetch intercrop sown on same date as beet, removed at beet 8 to10-leaf stage.

Vetch intercrop sown on same date as beet, removed at beet 6-leaf stage.

Seed was organically grown.



2002 



Due to establishment problems in 2002, for 2003 phacelia and marigold were introduced as alternative inter-row crops. Seed of all crops was organically grown.



Control – no intercrop.  Tractor hoed and hand hoed as necessary.

Vetch intercrop 

Phacelia intercrop (Phacelia tanacetifolia)

Marigold intercrop (Chrysanthemum segetum)

The inter-row crops to be left undisturbed unless either a) they do not sufficiently suppress weeds or b) they compete excessively with the beet plants. 



2003



For 2003 vetch was dropped due to further establishment problems in 2002.  Due to rampant growth of phacelia in 2002, for 2003, the cover crops were removed at beet 10-leaf stage when their purpose as an aphid decoy should have been completed. Seed was organically grown.



Control – no intercrop, hand hoed as necessary before 10-leaf stage.

Marigold intercrop sown on same date as beet, removed at beet 10-leaf stage.

Phacelia intercrop sown on same date as beet, removed at beet 10-leaf stage.



After removal of the intercrops, all treatments tractor hoed as necessary.





Materials and methods 



A randomised block design with five replicates. Plot size was 6 rows by 12 m with an assessment and harvest area of 3 rows by 9 m. The row spacing was 50 cm. Seedbed preparation and drilling was be carried out according to the normal commercial practice for the site. 



2001



Cultivar was Duke. Vetch seed was broadcast on 2 May at 100 kg/ha by hand, in band of approximately 30 cm. This was done in all five inter-row spaces. Seed was covered using hand rakes and firmed-in by treading. Vetch sowing was repeated on 24 May following re-sowing of the beet. Harvest was by using a British Sugar three-row plot harvester. All beet from the harvest area was taken to Rothamsted Research - Broom’s Barn for weighing and quality analysis.



2002



Cultivar was Roberta. The inter-crops were sow on 27 May. They were broadcast by hand, raked and firmed by treading in all five inter-row spaces. Seed rate was not measured but was high to ensure establishment given problems in previous years with vetch establishment. Frequency of hand and tractor hoeing in the control treatment was in response to weed growth, site conditions and weather forecasts. Harvest was by hand. All beet from the harvest area was taken to Rothamsted Research -Broom’s Barn for weighing and analysis.



2003



Cultivar was Dominka at Terrington, Cinderella at Blankney and at Stowbridge. The inter-row cops were sown on 24 April at Terrington, the delay was due to persistent dry conditions following sowing of the beet on 7 April. They were sown on 19 May at Blankney and 30 April at Stowbridge. Seed rate was not measured but was high to ensure establishment given problems in previous years with vetch establishment. Frequency of hand and tractor hoeing in the control treatment was in response to weed growth, site conditions and weather forecasts. Harvest was by hand at Terrington and by machine at Blankney and Stowbridge. All beet from the harvest area was taken to Rothamsted Research -Broom’s Barn for weighing and analysis.





Table 18. Site details for Experiment 4.



Year�Site�Previous cropping�Sowing date�Harvest date��2001�Terrington�White clover�2 May

(re sown 24 May)�23 November��2002�Terrington�White clover�16 April�24 October��2003�Terrington�White clover�7 April�17 October��2003�Blankney�Winter wheat�10 April�24 November��2003�Stowbridge�Winter wheat�09 April�18 November��

�

Table 19. Pre-sowing soil analysis for Experiment 4.

(OM – organic matter; SMN – soil mineral nitrogen)



Site 

�Sampling date�pH�P

index�K

index�Mg

index�OM

%�Na 

mg/l�SMN kg/ha

0-90 cm��Terrington�03/05/01�7.8�2�2-�4�2.3�12�105��Terrington�16/04/02�7.9�2�3�3�4.0�11�161��Terrington�07/04/03�8.1�2�2+�4�2.7�11�243��Blankney�17/04/03�7.8�1�2-�2�4.6�13�314��Stowbridge�17/04/03�8.2�3�3�3�4.4�11�250��



Results



2001



Plants emerged fast in the warm and moist conditions of early May. However, 30mm of rain fell on 15 May, just as beet were emerging. This saturated the soil and gave ideal conditions for slugs which fed on the seedlings. By 21 May they had eaten 95% of seedlings. As a result, the experiment was power harrowed, re-sown and rolled on 24 May. This was successful. Losses of plants post-emergence of the re-sowing were very low. At the most, two were lost per plot, due to grazing by slugs or birds. As in Experiment 2 in 2000, vetch was very slow to emerge. By 18 June, with beet at the two true leaf stage, only occasional plants of vetch had established. There was an insufficient population for a realistic assessment of its impact of beet performance and weed control. The planned treatments could not be realistically applied so from 18 June, all treatments were tractor and hand hoed as necessary. Therefore the data were not analysed statistically. Mean yield was good at an average of 9.3 t/ha sugar despite the late sowing (Table 20). This reflects the good growing conditions, particularly the lack of water stress. Root potassium averaged 4.88 meq/100g beet, sodium 0.53 meq/100g beet and amino N 0.56 meq/100g beet.



2002



April was very dry apart from one heavy spell of rain. As a result, beet emergence was slow and erratic due to drought, capping and some slug grazing. The final established plant population was poor at an average of only 35,500/ha. As in 2000 and 2001, vetch yet again failed to establish more than a few isolated plants. By contrast, establishment of phacelia and marigold was good. Phacelia grew rapidly and by 18 June was a 27% ground cover compared with 2% for marigold and zero for vetch. By 19 August, phacelia was at 56%, marigold at 46% and vetch at zero ground cover. By mid July, phacelia had reached a height of 60 cm and was shading the beet rows. On 25 July it was cut using hand shears to a height of 10 cm. Yield was low due to the slow establishment and low plant population, averaging only 6.39 t/ha of sugar. The rampant growth of phacelia and marigold led to a large reduction in yield from 7.46 t/ha sugar for the control to 5.50 t/ha with marigold and only 4.32 t/ha with phacelia (Table 20). Phacelia also resulted in a greater sugar percentage at 17.4 compared with between 16.1 and 16.6 % for the other treatments, and significantly lower sodium and Amino N content. Both of these illustrate the extent of the influence of the phacelia on beet growth.



�2003



April was dry leading to slow beet establishment, particularly at Terrington. The final plant population averaged only 31,000/ha and was variable across the trial site. As in 2002, phacelia established and grew faster than marigolds. By 6 June, phacelia ground cover was 79% compared with 8% for marigold. The inter-row crops were removed on 12 June by hand hoeing and pulling. The vigorous growth of phacelia reduced beet vigour scores throughout June and July. By September vigour was similar across treatments. Mean yield at 8.8 t/ha was reasonable given the low plant population. Treatment had no effect on yield although the very variable establishment across the site probably helped mask any treatment effects (Table 20). However, as in 2002, root Amino N content was significantly lower suggesting that the phacelia, even when removed in June, had a lasting effect on N availability and growth of the beet. 



At Blankney, sowing of the inter-row crops was delayed until 19 May due to the dry conditions. As at Terrington, the phacelia grew more strongly than marigold, reaching 10 % ground cover by 30 May and 25 % by 12 June, compared with 10 % from marigold at the latter date. The crops were removed on 16 June by hand hoeing. Yield was low at an average of only 3.2 t/ha. This was probably due to a combination of below optimum plant population (mean of 50,000/ha), competition from weeds and volunteer lucerne from the previous crop and drought stress. There was no effect of treatment on yield, effects were probably masked by the generally poor yield. 



At Stowbridge, cover crops established well; phacelia was at 22% and marigold 14% ground cover by 13 June when beet was at 10 to 12 leaf growth stage. In contrast to the other sites, there was early evidence of competition with the beet as ground cover in the phacelia treatment was 30% compared with 40% for control and 36% for marigold. The dense growth of beet and cover crops led to very low weed populations. The inter-row crops were removed by tractor hoeing on 25 June. However, this was not entirely successful; on 10 July phacelia was recorded at 15% ground cover and marigold at 9%. Both species were still present in September at around 10% ground cover. Ground cover of beet was reduced by both inter-row crops, particularly phacelia, throughout the season. Overall, sugar yield was excellent at over 12 t/ha (Table 20). However, as could have been predicted from the ground cover scores, sugar yield was reduced by both cover crops; by around 2 t/ha with marigold and 3 t/ha with phacelia. As in other experiments, root Amino N was reduced where phacelia was grown, an indication of the competition for nutrients that occurred.

�



Table 20. Sugar yield –Experiment 4 (t/ha).

(NS = not significant, ** = P<0.01, *** = P<0.001)





2001�No 

inter-crop�Vetch inter-crop �Vetch 

inter-crop ��Mean�F 

test�SE 

(8 df)��Terrington�-�-�-��9.3*�NA�NA�����������



2002�No inter-crop�Vetch inter-crop�Marigold inter-crop�Phacelia inter-crop�����Terrington�7.46�8.28�5.50�4.32�6.39�***�0.501�����������



2003�No inter-crop�Marigold inter-crop�Phacelia inter-crop������Terrington�8.51�9.50�8.46��8.83�NS�0.664��Blankney�3.75�3.45�2.47��3.22�NS�0.582��Stowbridge�14.05�11.51�10.55��12.04�**�0.470��* 2001 data not analysed statistically due to failure of vetch preventing treatments to be applied as planned

                              

Conclusions



We initially chose vetch as the organic movement advised us that it would be fast to establish. However, experienced proved that was not the case. Phacelia and marigold, particularly the former, have reliable established inter-row crops when sown at the same date as the beet. We were not able to test their effectiveness at preventing virus yellows spread due to the low incidence of infected aphids and disease. However, the strong growth of phacelia and marigold can lead to competition with beet and significant yield loss. Total removal at the beet 10-leaf stage, after which risk of infection with virus yellows is less, will minimise any yield loss but the plants will be difficult to remove effectively in a commercial organic situation. Where they persist, substantial yield loss is likely. More research could be done on species of inter-row crop and methods of removal but it is unlikely to be a practical or cost effective method of minimising virus yellows infection. If virus yellows infection becomes a greater risk to organic beet production, other methods of control will need to be developed.

   

�Photographs of inter-row crops



�����Phacelia at Terrington on 4 June 2003�Marigolds at Terrington on 11 June 2003����������Phacelia at Terrington in August 2002�Marigolds at Terrington in August 2002��   �Experiment 5 – Slug control





Objective



To evaluate two products for the control of slugs.





Treatments



Control

Nemaslug nematode suspension  (Becker Underwood Ltd). One application, soon after sowing, when the soil surface was moist.

Ecoguard granules (Ecospray Ltd). One application, at first emergence of beet, regardless of slug activity.

Ecoguard spray (Ecospray Ltd).  Applied at first signs of slug activity (i.e. the first slug caught in any of the traps across the experiment) after emergence of beet then repeated at 5 to 7 day intervals if slugs remained active. Applications to continue until beet plants are assessed to be large enough to withstand slug grazing.



The use of Nemaslug is permitted under Soil Association guidelines. Approval was given by the Soil Association for the application of Ecoguard (restricted product usage) as a supplementary nutrient source. Ecoguard is a garlic based product.



The application rates and timing were as advised by Becker Underwood Ltd and Ecospray Ltd. We are grateful to them for the supply of the products and their time and help with this experiment.



Method and Materials



A randomised block design with five replicates. Plot size was 6 rows by 12 m with an assessment and harvest area of 3 rows by 9 m. The row spacing was 50 cm. Seedbed preparation and drilling was be carried out according to the normal commercial practice for the site.  Cultivar was Dominika.





Table 21.  Site details for Experiment 5.



Year�Site�Previous cropping�Sowing date�Harvest date��2003�Terrington�White clover�7 April�17 October��



Table 22. Pre-sowing soil analysis for Experiment 5.

(OM – organic matter, SMN – soil mineral nitrogen)



Site 

�Sampling date�pH�P

index�K

index�Mg

index�OM

%�Na 

mg/l�SMN kg/ha

0-90 cm��Terrington�07/04/03�8.1�2�2+�4�2.7�11�243��



Application of Nemaslug was on 10 April, three days after sowing and following light rain which moistened the previously dry soil surface. Two packs of Nemaslug, as supplied by Becker Underwood, were mixed with 4 litres of water to make a ‘slurry’. This slurry was applied at 0.760 litres per plot (12 rows by 6m) in 1000 litres/ha of water.  



Ecoguard granules were applied on 27 April, following first emergence on 26 April. Application rate was 8 g of granules (as supplied by Ecospray Ltd) per 10m of row (on all 6m of each of the 12 rows in each plot).  They were applied as near to the row as possible, by hand. Following the advice of Ecospray Ltd, a further application of granules was made on 19 May.



Ecoguard spray was applied on 27 April and again on 03 May, 19 May & 26 May. Application rate was 4.32 ml of product, as supplied by Ecospray Ltd, per plot (all 12 rows by 6m) in 200 litres/ha of water. The spray was applied in a band, 15cm wide, along the row. No further sprays were applied after 29 May as the beet plants were at the 6-leaf stage by 4 June and considered safe from further slug damage. 



Immediately after sowing, three refuge traps were placed diagonally across the assessment area of each plot.  Each trap consisted of an inverted 15 cm diameter plant pot saucer with a teaspoonful of bran underneath. The trap was inspect in the morning, whilst relatively cool, at least every two days, daily after rain and when soil surface was moist, and total number of slugs counted. The slugs were not removed after counting. 





Results



Very little rain fell in the first two weeks following sowing (Figure 1). A wet period from 24 April to 3 May was followed by a dry spell and a more prolonged period with rainfall every day from 12 to 26 May.



Figure 1. Daily rainfall in April and May - Experiment 5 (mm).



�EMBED Unknown���



Numbers of slugs per trap were very low throughout April (Table 23). Numbers peaked briefly at 3.0 slugs per trap on 2 May but were again very low until the wet period in late May when they reached maximum numbers on 22 May (mean 9.8 per trap) and 23 May (mean 14.9 per trap). There was no effect of treatment on numbers of slugs per trap. 







Table 23. Mean number of slugs per bran trap – Experiment 5.





�Control�Nemaslug�Ecoguard granules�Ecoguard spray�Mean�F 

test�SE 

(8 df)��25 April�0.2�0.4�0.0�0.2�0.2�NS�0.19��26 April�2.0�2.0�2.4�3.2�2.4�NS�0.80��27 April�0.0�0.2�0.4�0.0�0.1�NS�0.23��28 April�1.8�3.0�0.8�0.6�1.6�NS�0.64��29 April�1.0�0.0�0.0�0.4�0.4�NS�0.36��01 May�1.0�0.2�1.0�1.4�0.9�NS�0.54��02 May�3.6�2.4�2.8�3.2�3.0�NS�0.99��03 May�1.6�1.0�1.2�1.2�1.2�NS�0.79��13 May�0.4�0.6�0.2�0.6�0.4�NS�0.28��15 May�3.2�2.8�1.4�1.8�2.3�NS�0.81��16 May�2.0�1.2�0.2�1.4�1.2�NS�0.65��17 May�3.0�4.6�3.4�6.4�4.4�NS�1.19��19 May�2.0�1.6�2.0�2.4�2.0�NS�0.79��20 May�3.8�5.4�4.2�3.8�4.3�NS�1.28��21 May�4.0�5.8�6.6�6.4�5.7�NS�1.39��22 May�9.2�8.0�10.8�11.0�9.8�NS�1.93��23 May�13.6�14.4�15.6�16.0�14.9�NS�1.47��26 May�1.8�3.0�2.2�2.2�2.3�NS�0.54��27 May�0.0�0.4�0.2�0.2�0.2�NS�0.26��29 May�0.4�0.4�0.6�0.0�0.4�NS�0.27��30 May�0.6�0.4�0.4�0.2�0.4�NS�0.37��



Plant emergence also clearly responded to rainfall pattern with most plants emerging in the first few days of May following the wet period in late April/early May (Table 24). There was a decline in plant numbers in all treatments following the wet period at the end of May. Observations showed that the losses were due to slug grazing. As discussed above, slug numbers peaked on 22 to 23 May. However, plant loss was similar across the treatments suggesting that the treatments were having little or no effect in controlling slugs.



�

Table 24.  Plant population  – Experiment 5 (‘000/ha).





�Control�Nemaslug�Ecoguard granules�Ecoguard spray�Mean�F 

test�SE 

(8 df)��27 April�1.33�0.67�1.55�0.89�1.11�NS�0.464��29 April�2.00�2.00�2.22�2.22�2.11�NS�0.425��01 May�3.78�3.33�3.78�2.66�3.39�NS�0.759��03 May�2.22�1.55�1.78�2.22�1.94�NS�0.333��06 May�22.2�18.2�17.3�19.6�19.3�NS�2.36��08 May�32.2�32.2�32.4�37.3�33.6�NS�3.45��12 May�40.9�37.6�38.0�43.1�39.9�NS�3.50��14 May�44.4�41.6�38.4�44.9�42.3�NS�2.40��19 May�55.8�51.1�49.1�51.3�51.8�NS�2.96��21 May�55.1�52.0�50.7�52.9�52.7�NS�2.92��23 May�53.8�50.9�52.7�50.7�52.0�NS�2.88��26 May�52.2�47.3�49.3�47.6�49.1�NS�2.45��28 May�48.2�44.4�46.2�43.8�45.7�NS�2.94��



Treatments had no effect on sugar percentage, root yield or sugar yield (Table 25).



Table 25. Sugar yield – Experiment 5 (t/ha).





�Control�Nemaslug�Ecoguard granules�Ecoguard spray�Mean�F 

test�SE 

(8 df)���12.08�12.28�10.30�10.78�11.36�NS�0.911��

Treatments had no effect on root potassium, sodium or amino nitrogen. 



Conclusions



There was no evidence of any slug control from either the nematodes applied at sowing or from Ecoguard applied as granules or as repeated sprays. However, much of the period between sowing and the 6-leaf stage was dry with little slug activity. This dry period may have inactivated the Nemaslug and the Ecoguard granules, although a repeat application of the latter was made on 19 May.  The spray treatment of Ecoguard continued through the time of peak slug numbers in late May. In previous years with more prolonged wet conditions, as in 2001, plant loss from slug grazing has been much greater than seen in this experiment. Perhaps these products would have more effect under more testing conditions. Further research is needed to determine their biological potential and economic viability.





�Virus Yellows



In the planning stage of the project, there was considerable concern that organic sugar beet crops could be prone to serious Virus Yellows infection in the absence of aphicides and that they could then act a reservoir of infection for surrounding non-organic beet crops. 



Advice from specialists at Broom’s Barn was that the area of organic beet currently grown (approximately 500 ha/year) would not cause such a problem due to the very effective protection given to the majority of the non-organic crop by Gaucho seed treatment. This would likely result in continuing very low numbers of infected aphids and a resulting low risk of infection of organic crops.



We counted numbers of plants affected by Virus Yellows and found zero or very low numbers in all experiments. There was therefore no significant risk to surrounding crops. This has been supported by experience from the commercial plantings since 2001.



Therefore, unless the area of organic beet increases significantly and/or control of the aphid vector in non-organic crops becomes less effective due to the development of resistance to pesticides, virus yellows are unlikely to be a serious issue in organic beet crops.







�opportunities for novel mechanisation approaches 



Dr Nick Tillett, Silsoe Research Institute.



Recent research, part funded by the BBRO (SBC65, 1999-2001), demonstrated the feasibility of using computer vision guidance to locate and track row crops such as sugar beet.  This has now been commercialised by Garford Farm Machinery, under the name Robocrop, as a guidance system for inter-row cultivators.  A number of systems have been sold to UK sugar beet growers, some of whom grow organically.  The main advantages of the system are improved accuracy, higher speeds and reduced operator fatigue.  It is hoped that the industry will increasingly make use of this technology to improve weed control efficacy (through reduction of the uncultivated intra-row area) and reduce costs (through higher workrates).



A limitation of current vision guidance technology is a need for the crop to have emerged and reached the two true leaf stage before operations can start.  Where guidance is required at an earlier stage, then it would be possible to plant guide rows of a suitable fast emerging plant, e.g. wheat, between rows of beet.  These guide rows could be hoed out once the crop has developed sufficiently.



An alternative technique would be to follow a furrow made at drill time.  This is not a new idea and mechanical furrow following devices have been commercially available in the past.  The performance of such mechanical devices varies with soil conditions and is generally limited to low forward speeds.  It would, subject to further research and development, be possible follow a furrow visually using a modified Robocrop system.  This non-contact technique is likely to be less soil dependant and speed limiting than traditional methods.  Eco-Dan, a Danish company, market an optical furrow following system though its performance is not known to the author.



In parallel with commercial development, vision guidance research has continued under a SA LINK project sponsored by Defra and HGCA.  The most relevant developments emerging from this project relate to an ability to track multiple drill bouts from a single tractor.  For example a crop established with a 3m drill can be hoed at 9m with a machine incorporating three independently steerable 3m section.  This trebles work rate reducing the cost of tractor hoeing.  This technology may be appropriate for larger growers or contractors.



The SA LINK project is also concerned with the precision multi-bout spanning banded application of agrochemicals, either in combination with hoeing, or as a separate operation.  Much of this technology could be applied to the application of organically acceptable treatments in liquid or granular forms.  In general, banded applications of this type are most beneficial where the value of the material being applied is high, as may be the case in organic systems.  Whilst the guidance technology might be appropriate for sugar beet, there may be issues associated with application technology that would require further work prior to commercial exploitation.



Although sugar beet is treated as a continuous row of plants for the purpose of banded treatments, they are in fact discrete plants that might benefit from individual spot treatment.  Whilst still at an early stage, research at SRI has shown that it is possible to locate and track individual transplanted vegetable plants from a moving tractor.  An experimental system to investigate the possibility of mechanically weeding between crop plants within the row has been developed as part of a student project.  In this trial, conducted on artificial plants, the system worked down to a within-row plant spacing of 300 mm.  The technology could also be applied to spot application of organically approved materials.  Whilst not yet a commercial reality, this technology may in the future eliminate the need for hand weeding if the minimum within row spacing could be brought closer to the current plant spacing.

�Knowledge transfer



2000



Open days were held at two of the three field experiment sites on 13 July (Lode, Cambs.) and 10 August (Blankney, Lincs.). Attendance at both was excellent with around 50 farmers at each event. 



The Blankney open day was covered by the farming press (“Crops”, 23 September 2000).



Poster presented in BBRO tent at Cereals 2000.



Presentations were made at four Growers’ Meetings in early 2001. More were planned but were cancelled because of the Foot and Mouth outbreak. A handout was prepared and distributed at the meetings.



2001



Results from the 2001 experiments were presented to an organic sugar beet growers meeting at Holmewood Hall on 15 February 2002.



Patrick Jarvis, Simon Leeds & Bill Cormack (2001). Organic sugar beet production in the UK. British Sugar Beet Review, Volume 69, No. 3, pp. 10-11. 



Organic growers day, Oxfordshire, September.



Other planned field demonstrations were cancelled due to FMD.



2002



An open day was held at the Blankney Site on 11 September 2002.



Results were presented to organic beet growers at a meeting at Newark factory on 19 February 2003.



2003



Mechanical weed control workshops were held at Cannock on 5 June, and at Stowbridge on 10 June.



Results were presented to organic beet growers at a meeting at Newark factory in February 2004.



2004



Cormack, W.F., Jarvis, P.J. & Ecclestone, P.M.J. (2004). Seed spacing and treatment for organically grown sugar beet. In: Hopkins, A. [ed.] Organic Farming: Science and practice for profitable livestock and cropping, Proceedings of the BGS/AAB/COR Conference, Harper Adams, Shropshire, Occasional Symposium No. 37, British Grassland Society, p. 208-211.



Knowledge transfer from this work will continue primarily through the close contacts that British Sugar plc have developed with the small group of committed commercial organic beet growers. �Future research needs



Taking account of the results of this project, and experiences in the growing of around 500 ha of commercial organic beet crops each year since 2001, we believe that priorities for further research are:



Control of slugs, a particular problem on heavy soils in wet years.



Control of leatherjackets, a particular problem after short term and longer grass leys.



Avoidance of virus yellows infection. This is not a current problem but may become a bigger issue is the area of organic beet increases significantly and/or control of the aphid vector in non-organic crops becomes less effective due to the development of resistance to pesticides.



Effective weed control is crucial to success. Most growers are now well equipped with hoes etc. We believe that further effort should be primarily in development and technology transfer rather than research. This work is in hand and funded by British Sugar plc.
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�1	EXECUTIVE SUMMARY



1.1	A UK organic sugar beet crop is planned for 2001, but the knowledge of organic sugar beet crop husbandry is not yet well developed.



1.2	Organic standards for the UK are based on European Commission regulations, and are set by the United Kingdom Register of Organic Food Standards (UKROFS).



1.3	Organic seed of only a small number of varieties will be available to the organic growers, but it is not clear how they should best be selected.



1.4	The benefits of advanced seed, compared with non-advanced seed, need to be demonstrated and a strategy for deciding the target sowing date of organic crops needs to be developed.



1.5	Apart from sodium, organic sugar beet nutrition will be a whole-rotation issue, and there is sufficient knowledge of the nutritional requirement of a sugar beet crop to enable an organic grower to plan a rotation that includes sugar beet.



1.6	That nutrition is a main determinant of yield in organic beet crops is supported by published evidence.



1.7	Inter-row mechanical weeding is an established technique for sugar beet crops, but further research is needed to optimise the timing and frequency of passes in organic crops.



1.8	Current and recent research has addressed within-row weeding and some new developments are at a research phase.  For most techniques, as within-row weeding becomes more rigorous, crop damage increases.



1.9	Research into the biological control of weeds has not yet yielded any practical control solutions appropriate to UK organic sugar beet crops.



1.10	Amendment of soil with chitin is a potential control method for seedling pests, seedling diseases and free-living nematodes.  Chitin stimulates antagonistic micro-organisms, and so is a biological control agent.  Further research is in progress to study the use of chitin for sugar beet crops.



1.11	Published research shows that some biological control of aphids could be obtained by encouraging ladybirds, lacewings and carabid beetles.  Cultural control of aphids through appropriate management of vegetation between the rows may also be possible.



1.12	Although biological control of beet cyst nematode is agronomically feasible, this problem can be controlled by good rotation management.  No control strategy for free-living nematodes that cause docking disorder is currently available to the organic grower, so infested sites should be avoided.



1.13	There are prospects for biological control of seedling diseases using micro-organisms.  This biological control could be through application of microbiological isolates, or through soil amendments that stimulate populations of micro-organisms that are antagonistic to disease-causing organisms.



�2	INTRODUCTION



2.1	Background

Organic sugar is not yet produced from sugar beet in the UK, but organic cane sugar is imported and available at retail outlets.  Organic sugar is produced from beet crops in some other European countries (e.g. the Netherlands).  



Rarely in the UK, organic sugar beet is grown on organic land and managed as an organic crop to ensure contract tonnage is met by growers who also grow beet on non-organic land.  The first organic sugar beet for organic sugar production in the UK is planned for 2001 with a target area of 300 ha.



In general, the knowledge of organic sugar beet crop husbandry is not well developed.  A BBRO-funded project (BBRO Ref.: 00/04) began in April 2000 to identify challenges for organic beet production, to develop initial agronomic strategies to meet these challenges and to assess the economics of production.  This review is part of that BBRO project.



2.2	The aim and scope of the review

The aim of this review is to draw together available information that could help to guide crop husbandry for organic sugar beet, provide intelligence for the future development of BBRO project 00/04, and identify future research priorities.



Information has been sought from the following sources:

refereed scientific journals;

conference proceedings;

articles from the agricultural trade press;

overseas researchers known to have an interest in organic sugar beet production.



A commercial scientific database was used for a detailed search of the scientific literature.  This was supplemented by a search using the IRBAB, Belgian database which contains a wider range of sugar beet papers including proceedings of conferences organised by the IIRB and others.  An organic farming CD of abstracts on organic farming in temperate regions, from CAB ABSTRACTS™ was also consulted.



In addition to literature on organic sugar beet production, this review also covers some research on conventional (i.e. non-organic) techniques that could be applied to organic beet production.  For example, there has been a lot of research on mechanical weed control in the context of non-organic production, but the findings can also be applied to organic production.



Some issues have been excluded from the review where the management of these will be the same in organic and non-organic crops.  In particular, rhizomania has not been considered since the strategy for dealing with this disease will be the same in organic and non-organic crops.  Other issues that are important in an organic production system, but are important for the whole rotation rather than for the beet crop in particular, have not been considered in detail.  For example, the nutritional requirements of a sugar beet crop are well understood and knowledge of how to provide nutrition in organic rotations is well advanced.  





�DEFINITIONS



Organic farming is defined in law by the European Commission in EC Regulation 2092/91 for crops and Regulation 9104/99 for livestock (http://europa.eu.int/eur-lex/en/index.html).  Standards for the UK, based on these EC Regulations, are set by the United Kingdom Register of Organic Food Standards (UKROFS).  In turn, UKROFS authorises a number of certification organisations, currently six in number.  Farmers and processors must register with one of these organisations to allow them to legally produce and sell food as “organic”.  The best known of these organisations is the Soil Association.  Certification organisations must operate to at least the minimum standards set by UKROFS but they are permitted to have additional and more demanding rules, for example the use of special “preparations” by the Bio-dynamic Agricultural Association.  



A good general description of organic farming is that of Lampkin and Measures (1999).  “Organic farming can be defined as an approach to agriculture where the aim is to create integrated, humane, environmentally and economically sustainable agricultural production systems.  Maximum reliance is placed on locally or farm-derived renewable resources and the management of self-regulating ecological and biological processes and interactions in order to provide acceptable levels of crop, livestock and human nutrition, protection from pests and diseases, and an appropriate return to the human and other resources employed.  Reliance on external inputs, whether chemical or organic, is reduced as far as possible.”



In many other countries, organic agriculture is known as ecological or biological agriculture, reflecting this reliance on ecosystem management rather than external inputs. 



The key characteristics of organic farming according to Lampkin and Measures (1999) are:



protecting the long term fertility of soils by maintaining organic matter levels, encouraging soil biological activity, and careful mechanical intervention; 



providing crop nutrients indirectly using relatively insoluble nutrient sources which are made available to the plant by the action of soil micro-organisms; 



nitrogen self-sufficiency through the use of legumes and biological nitrogen fixation, as well as effective recycling of organic materials including crop residues and livestock manures; 



weed, disease and pest control relying primarily on crop rotations, natural predators, diversity, organic manuring, resistant varieties and limited (preferably minimal) thermal, biological and chemical intervention; 



the extensive management of livestock, paying full regard to their evolutionary adaptations, behavioural needs and animal welfare issues with respect to nutrition, housing, health, breeding and rearing; 



careful attention to the impact of the farming system on the wider environment and the conservation of wildlife and natural habitats. 



Conventional production is a term used in this review to mean non-organic production.

�4.	Variety choice



For organic sugar beet production, variety choice is likely to be an issue for the industry rather than for the individual grower.  Although the use of organically grown seed will become mandatory from 31 December 2003, currently growers can use conventionally-grown seed, pelleted without pesticides, because very little organic seed is available.  However, the logistics and costs of pelleting small batches of untreated seed are such that it may not be economically viable to make many varieties available in this way.  Choice will become even more limited from 2004, when conventional seed is disallowed.



For organic cropping in general, variety choice is an important issue.  Varieties are chosen on different criteria to those for conventional crops.  Pest and disease resistance and flavour characteristics, for example, often out-weigh yield when choosing organic varieties, whereas for conventional crops, pests and diseases can often be controlled with pesticides and yield will be of greater importance.



In the case of sugar beet, the following are likely to be important criteria:

sugar content;

establishment;

disease resistance;

canopy type (erect or more prostrate foliage).



For organic sugar beet, growers’ income and root yield, as indicated in the NIAB Sugar Beet Variety Leaflet (Anon., 1999) are likely to be of less importance than to conventional growers.  This is for two reasons:  firstly, data for these characteristics are generated for the NIAB recommended list by growing crops conventionally and secondly, the organic grower will be more concerned about avoiding problems leading to serious yield loss, rather than about small yield advantages.



No reports of research on variety choice for the organic grower have been identified.  However, there are issues that need to be addressed.  In particular, it is not clear whether the competitive advantage gained by growing varieties with a more prostrate leaf habit (Lotz et al., 1991) would outweigh a possible advantage of varieties with a more upright leaf habit through the facilitation of later mechanical weed control.  Similarly, the relative benefits of low or high sugar types are not clear, as small changes in response to available nutrients, in nutrient offtake or in competition with weeds will be more important to organic growers than to conventional growers.

�5	Establishment



5.1	Seed

The organic grower must choose an appropriate variety and this issue is addressed in Section 4.



The organic grower could choose between advanced seed and non-advanced seed.  It would be expected that advanced seed would provide improved establishment by more rapid progress through the early growth stages that are susceptible to seedling pests and diseases.  Such an advantage has not been clearly established for conventional production because seedling pests and diseases are largely controlled by chemicals, but in an organic crop this suggested benefit could be greater.  No research on this issue has been identified, but it is addressed in BBRO project 00/04.



5.2	Drilling date

Time of germination and early growth may affect risk of seedling pests and diseases.  For example, Aphanomyces cochlioides is a greater problem when the crop is drilled late (Jaggard et al., 1995).  However, early drilling when conditions are cooler, leading to slow germination and establishment, may increase damage from other pests and diseases.  No research on this subject, in an organic context, has been identified.



5.3	Soil type

It is recognised that the risks of some seedling pests and diseases are related to soil type.  Capping on some soils also can affect establishment.  These are issues for both organic and conventional growers, but organic growers will pay more attention to them because they do not have chemical control measures available.  No research on this subject, in an organic context, has been identified.  Soil pests and diseases are reviewed in Sections 8 and 9 respectively.

�6	nutrition



The nutritional requirements of sugar beet crops have been extensively researched.  Recommendations for growers are summarised in the grower’s guide for sugar beet (Jaggard et al., 1995).  For organic crops generally, nutrients are managed for the rotation as a whole.  Nutrition is based on fertility-building legume crops within the rotation, the addition of animal manures and composts, or a combination of both.  A key difference between conventional and organic rotations is that nutrition is less-well controlled in the latter.  For sugar beet, available N may be too high following a fertility building crop, or in some cases it may be too low, depending on the position in the rotation and the soil type.  It is clear that position in the rotation will have implications for yield and impurities.  This is a management issue for the whole rotation and so is not reviewed here.  Salt (sodium chloride), as a nutrient for sugar beet, needs to be considered together with potassium nutrition (Jaggard et al., 1995), but we have found no reports on the use of salt in an organic context.  Prior approval for application would be needed from the grower’s certification body.



There are very few published studies of sugar beet crop nutrition in organic rotations.  In a Swiss study of three production systems, bio-dynamic, bio-organic and conventional, Besson et al. (1993) found that average red beet yields over three seasons of in the two organic systems were between 75 and 80% of conventional yields.  They state that yield was mainly influenced by nutrient input, particularly nitrogen and potassium, and plant protection measures, but do not say which of these had the biggest influence.  It appears that nutrition was the main determinant of yield in a comparison of conventional and organic sugar beet crops in central Chile (Venegas and Aguilar, 1992) and in this case, yields in the two systems were similar.



The use of chitin as a soil amendment for biological control of soil pests, is reviewed in Section 8.  Chitin has potential for use in organic cropping systems and it is of interest that it has useful activity as a slow-release nitrogen fertiliser (Speigel et al., 1988).  However, further research is required to improve the understanding of the nutritional aspects of chitin use (Ellis, 2000).

�7	weed control



7.1	Introduction

In conventional crops, there is heavy dependence on the use of herbicides for weed control.  Organic growers will rely primarily on mechanical weed control, but other aspects of crop management will also play a part.  Hand weeding of organic crops will be a last resort, but may be needed in some cases.



Good management throughout the rotation is important.  For example, fallow periods may allow mechanical control of perennial weeds such as couch grass.  Such rotational aspects of weed control are not reviewed here.



7.2	Crop competition

Varieties vary in foliage habit, some having more prostrate foliage and some more erect foliage (see Section 4).  It is to be expected that variation in this character would have consequences for competition between crop and weeds.  Varieties with a more prostrate leaf habit may give a significant advantage by being more competitive with late-emerging weeds in particular (Lotz et al., 1991), but also, varieties with a more upright leaf habit may give an advantage by facilitating later mechanical weed control.  No reports of studies addressing this latter issue have been found.



7.3	Mechanical weeding

Inter-row cultivation is an established technique and the wide range of machinery available in the UK is summarised in a recent article in the Farm Contractor and Large Scale Farmer (Anon, 2000).  Much of the beet crop is currently tractor hoed, and the control of weed beet is one of the main justifications for this activity.  For the organic beet grower mechanical weeding is vitally important and weed control between the rows is relatively easy to achieve.  However, despite this there is not a good understanding of how the timing and frequency of passes can be minimised whilst maintaining good weed control.  This is because the current understanding of weed control timing and the competition between crop and weeds relates to the competitive effect of the whole weed population including weeds within the row (Scott et al., 1979), but competition between the crop and between-row weeds is not well understood.



Current BBRO-funded research (Ref: 98/09) is enabling the development of vision guidance for conventional inter-row cultivators (Tillett et al., 1999) so improving both the accuracy and efficiency of this operation.



There has also been some research on within-row mechanical weeders, particularly in northern Europe.  Bontsema et al. (1998) report laboratory experiments to test a fully automated system for in-row mechanical weed control using infra-red detectors and folding knives on a rotating disk.  Other options for within-row weeding include torsion, finger or brush weeders (Kurstjens and Bleeker, 2000; Melander 2000; Limb and McAughtrie, 2000).  These rely on the principle that the beet are more robust than the weed seedlings and some crop damage is almost inevitable especially at early growth stages.  Hallefält et al., (1998), working with a conventional crop, reports the use of a torsion weeder in combination with herbicide use: forward speed varied between 2 and 4 km h-1 and some crop damage occurred, particularly at an early growth stage (four leaves) and at faster speeds.  However, weed control and yields were similar to conventional practice when the last herbicide treatment was replaced by use of the torsion weeder.



7.4	Flame weeding

Flame weeding is approved for organic use, but is very energy intensive.  Nemming (1994) showed that a pre-emergence flame treatment decreased weed numbers by 34-44% over three seasons in experiments with fodder beet, and that the saving in requirement for hand weeding resulted in an economic benefit.  It is clear, however, that this benefit will depend on the value of the crop and the cost of other weed control options.



7.5	Biological control

The study of biological control of weeds has not resulted in any practical control measures for European crops (Müller-Schärer et al., 2000).  Further research strategies have been identified, but practical control solutions are not expected in the near future.



Although promising microbial candidates for bioherbicides have been identified, field efficacy has generally been poor because of the difficulties in maintaining spore survival on the target weed species for long enough to allow infection (Greaves and Lawrie, 2000).  Work on bioherbicides is still very much in a research phase.



�8	Pests



8.1	Seedling pests

Ellis et al., 1998 found that chitin soil amendment significantly decreased numbers of collembola.  Work to study the interactions between chitin soil amendment and soil pests is continuing with support from the BBRO.



As in conventional crops, sowing date and seed bed quality are likely to have an influence on losses to seedling pests, with less damage in crops that emerge and establish rapidly.  Also, plant spacing could be decreased to compensate for anticipated losses.  Information on these aspects, especially the latter, should increase as experience of commercial organic production develops.



8.2	Aphids

Aphids transmit beet yellows virus (BYV) and beet mild yellowing virus (BMYV) that cause virus yellows disease in sugar beet.  In conventional crops there is heavy reliance on chemical control.



A possible control strategy for organic growers is biological control.  Lacewings have been employed in augmentative release programmes with some indication of success against Myzus persicae in sugar beet (Hassan et al., 1985), the most important aphid for virus transmission to beet in the UK.  However, Ehler et al. (1997) found that whilst release of lacewing and ladybird eggs was not successful in decreasing numbers of black bean aphid (Aphis fabea) in northern California, the use of a food spray to encourage these predators did show some promise in sugar beet.  Work by Dunning et al., 1975) on carabid beetles as aphid predators did indicate that aphid numbers and virus incidence were influenced by carabids, but the results were not conclusive.



An agronomic approach to aphid control is the appropriate management of vegetation between the rows.  Heathcote (1969) studied cultural factors affecting colonisation of sugar beet by aphids and found that gappy crops were colonised more readily than uniform crops.  Furthermore, early sowing and early, full ground cover resulted in less heavy infestations than in late sown crops.  The cause of these observed effects of canopy density was not determined.  However, Smith (1969), working with Brussels sprouts, found that aphids were more attracted to plants growing in weed-free soil than to plants with a managed, low-growing weed canopy.  Differences in aphid colonisation in this case were attributed to two factors:  the attraction of aphids to plants silhouetted against bare soil and the effects of weeds on aphid predator activity.  Häni et al., (1990) showed that when weeds were not controlled between the rows until the beet plants had reached the eight leaf stage, there were fewer Myzus persicae and Aphis fabea and virus yellows incidence was decreased compared with earlier weed control.  These differences were attributed to increased predation of aphids by carabids and increased activity of entomophthoralean fungi.  In the current BBRO project on strategies for organic beet production, the effects of inter-row catch crops on aphid numbers are being studied.  However, the effect of crop husbandry on aphid colonisation merits more detailed research attention, since virus yellows may be a serious problem for organic beet growers.



8.3	Nematodes

There have been two main approaches to biological control of beet cyst nematode (BCN) (Heterodera schachtii):  by using fungal parasites and by trap cropping.  



In most situations naturally occurring fungal parasites do not build up sufficiently to give adequate control of nematodes (Crump, 1998) and so applications of fungi to the soil will be necessary if this technique is developed.  Crump (1998) studied potato cyst nematodes (PCN) using Acremonium spp. and Verticillium chlamydosporium, but states that BCN is parasitised by a similar range of fungi as PCN.



Trap crops have been shown to provide effective control of BCN (Schlang, 1989; Stuedel and Müller, 1983; Hafez and Hara, 1989; Cooke, 1991; Koch et al., 1999).  Use of a nematode-resistant radish (Raphanus sativa) trap crop was shown to increase beet yield and economic return compared with the use of a nematicide (aldicarb) in Wyoming, USA (Koch et al., 1999).  In an organic rotation, such trap crops would have the additional benefit of functioning as a cover crop to decrease nitrogen loss through winter leaching.



Biological control for BCN appears to agronomically feasible, but in many cases will not be required because the problem can be controlled by rotation management.  However, biological control may allow closer rotations than would otherwise be possible.  



More of a problem for the organic grower are free-living nematodes that cause docking disorder.  Ellis et al. (1998) found that chitin dramatically decreased the population of Trichodorus spp. and almost eliminated them from the soil at high application rates.  There is considerable evidence for the efficacy of chitin in the biological control of nematode pests of a range of crops.  For example, it has been used successfully in lettuce (Chen et al., 1999), and in wheat and citrus (Spiegel et al., 1989).  It is generally accepted that chitin is effective through an increase in soil fungi that are parasites of nematodes (e.g. Rodríguez-Kábana et al., 1984).  However, the use of chitin is still being researched and it is not yet used commercially in the UK.  The only current option for organic growers is to avoid sites infested with free-living nematodes (Knights, 2000).



�9	diseases



9.1	Seedling diseases

Biological control of seedling diseases has received considerable research interest, although much of this has not been in the context of organic production.  These have involved the use of fungal or bacterial agents, or the incorporation of a green cover crop before drilling beet.



The following are examples of the use of micro-organisms to control soil-borne, seedling diseases.

Gindrat et al., (1992) report that they tested 224 microbial isolates, but only continued detailed study with one which was Chaetomium globosum.  Efficacy was good against several pathogenic fungi in initial growth chamber studies, but the work was discontinued because of poor field efficacy, especially against Aphanomyces cochlioides, and competition with chemicals.

Abada (1994) reported that Trichoderma hazianum decreased damping off in pot and field experiments in Egypt, when applied by incorporation into the growing medium.

Successful control of Rhizoctonia solani and Pythium ultimum in growth chamber tests with cotton was shown by Lewis et al. (1996).

Kiewnick and Jacobsen (1997) used bacterial seed treatments with some success to control P ultimum and R solani in the field.

Paternoster and Burns (1996) retarded the development of A cochlioides disease development by up to 17 days using Pseudomonas spp. in laboratory tests.  



Composted organic household waste also suppresses P ultimum (Schueler et al., 1990), partly at least through the activity of the combined effects of antagonistic organisms in the compost.

Recent, BBRO-funded work has shown that some rhizobacteria give consistent control of A cochlioides in controlled environment tests, but field efficacy has been poor (Walker et al., 1999;  M J C Asher, personal communication).  This work is continuing with the aim of improving rhizobacteria survival after drilling.



These studies have demonstrated that there is potential for biological control using micro-organisms.  This approach is likely to be especially attractive to the organic grower who cannot rely on chemical control.



The use of oats as a soil- incorporated, green manure crop has shown some control against A cochlioides in glasshouse studies, but there was no evidence of useful activity in field conditions, although the field tests were under conditions of little disease activity (Windels et al., 1993).  This suppressive effect of oats was through the activity of chemicals released following soil incorporation (Windels et al., 1995).



Chitin has been shown to influence seedling diseases.  Gindrat (1976) found that unbleached chitin encouraged Pythium ultimum by providing nutrients that stimulated germination of sporangia.  However, chitin may promote micro-organisms antagonistic to P ultimum in field conditions and so inhibit this disease (Stössel and Leuba, 1984).  Evidence to support this general mode of action was presented by Mitchell and Alexander (1961) and Mitchell (1963), who concluded that chitin soil amendment stimulated a microbial flora capable of digesting mycelium of specific fungi.  The addition of chitin to soil to control diseases is, then, a form of biological control rather than control through direct action of the applied product.  Henis et al. (1966) also found that decreases in the infectivity of Rhizoctonia following chitin application, were accompanied by an increase in antagonistic micro-organisms.  In contrast to chitin, Stössel and Leuba (1984) found that chitosan, which is partially deacetylated chitin, had anti-fungal properties, but that efficacy depended on soil pH, nutrition and fungal species or strain.



9.2	Foliar diseases

Beet yellows virus (BYV) and beet mild yellowing virus (BMYV) cause virus yellows disease in sugar beet, and can result in heavy yield losses.  These viruses are transmitted by aphids and control measures largely revolve around controlling the aphids.  Destruction of over-wintering sources of the disease, such as groundkeepers, rubbish at loading sites and fodder beet clamps (Jaggard et al., 1995) is also important and will have added importance for organic growers.



Aphid control is reviewed in Section 8.3.



No reports of organic research on other foliar diseases (e.g. downy mildew, powdery mildew, rust) have been found.  Sulphur may give some control and can be used by organic growers, but may need prior approval from the grower’s certification body.



9.3	Root diseases

Rhizomania has not been considered in this review because the strategy for dealing with it will be the same for conventional and organic growers.



No reports of organic research on root diseases have been found.
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�Appendix 1



UK Organic Farming regulatory bodies





a) World Organic Standards (outwith the EU)



International Federation of Organic Farming Movements (IFOAM),

Ökozentrum Imsbach, D-66636, Tholey-Theley, Germany.





b) UK Organic Standards



United Kingdom Register of Organic Food Standards (UKROFS), 

c/o Ministry of Agriculture, Fisheries and Food, Nobel House, 17 Smith Square, London, SW1P 3JR.





c) UK Certification Bodies



Bio-dynamic Agricultural Association (Demeter),

Demeter Standards and Field Office, Netherfield Farm, Beeswing, Dumfries, DG2 8JE.



Irish Organic Farmers and Growers Association,

56 Blessington Street, Dublin 7, Eire.



Organic Farmers and Growers Ltd,

Churchgate House, 50 High Street, Soham, Ely, CB7 5HF.



Organic Food Federation,

The Tithe House, Peaseland Green, Elsing, East Dereham, Norfolk, NR20 3DY.



Scottish Organic Producers Association Ltd (SOPA),

Milton of Cambus Farm, Doune, Perthshire, FK16 6HG.



Soil Association Certification Ltd, 

Bristol House, 40-56 Victoria Street, Bristol, BS1 6BY.
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