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EXECUTIVE SUMMARY

Silage maize has become an attractive fodder crop to dairy farmers, and as new varieties have been developed the area of maize grown has increased markedly over recent years.   

Growing maize has caused some environmental problems.  It is harvested late in the year when soil conditions are not ideal and harvesters, tractors and loaded trailers often cause soil compaction.  Stubble tends to be left over winter resulting in overland runoff due to lack of infiltration of rainwater into compacted soil, which can lead to serious soil erosion, local flooding and pollution of nearby watercourses. 

This research comprised a series of field experiments to test the effectiveness of cropping and cultivation techniques at reducing run-off.  Measurements were made using hydrologically sealed plots during three winters (1998 - 2001) at IACR Long Aston, near Bristol, and two winters (1999-2001) at IGER North Wyke, Devon.  Further measurements were made at a third site on a farm in North Devon at Frithelstock during winter 2000/01.

Results at IGER, North Wyke & Frithelstock

At North Wyke chisel ploughing was very effective at reducing run-off during the winter 1999/00.   A total of 433 m3/ha of water run-off was measured from compacted maize stubble, whereas only 10 m3/ha of water ran off the stubble that had compacted soil shattered by chisel ploughing.   A winter ryecorn cover crop established by direct drilling reduced water run-off marginally to 381 m3/ha, whereas an understorey of grass reduced water run-off to 168 m3/ha.

Chisel ploughing was not as effective during winter 2000/01 at North Wyke but still halved the run-off (231 m3/ha compared to 470 m3/ha measured from maize stubble).   During this winter the ryecorn cover crop actually increased run-off (to 552 m3/ha).  Field conditions were not ideal for chisel ploughing to completely shatter compacted soil, and it seems likely that establishment of the ryecorn cover crop caused further compaction (probably due to direct drilling when soil moisture was too high). 
Growing of a winter cover crop of ryecorn greatly increased runoff at Frithelstock during winter 2001 (with 1052 m3/ha of water run-off from the cover crop plots compared to 270  m3/ha from bare stubble).   The soil was very wet after maize harvest in North Devon, and it is likely that direct drilling of ryecorn caused further compaction.  Chisel ploughing or undersowing had little effect at reducing run-off at Frithelstock.

Results at IACR, Long Ashton 

At Long Aston during the 1998/99 winter, drilling across the slope reduced water runoff by 40%.  An understorey of clover within the maize drilled across the slope also reduced run-off during winter 1999/00 (only 28 m3/ha of water run-off from the clover plots compared to 146 m3/ha from bare stubble).   Clover was just as effective during winter 2000/01.   However during both years the clover understorey reduced maize yields.

Chisel ploughing during late November at Long Ashton increased run-off in 2000/01 (to 331 m3/ha) which was probably due to smearing and compaction of wet soil in the chiselled soil, and the subsequent forming of channels (acting as effective waterways).

Conclusion

It is clear that much can be done to significantly reduce run-off from compacted maize stubble.  Chisel ploughing to remove compaction is effective but only when soil conditions allow effective shattering of soil. Earlier harvesting of maize would reduce the risk of harvesting in wet weather and would increase the window for timely working of soil in the autumn.  Undersowing crops is another effective strategy to reduce run-off, although clover in these trails reduced maize yields.
The findings of this work have important implications in reducing flood risk and pollution from maize stubble.   There is also likely to be considerable scope for reducing run-off from compacted soil in other crops. 

Recommendation 

It is recommended that the Maize Growers Association are made aware of these findings and that farmer demonstration events are set up.

It is also recommended that Flood Defence and Water Quality staff in the Environment Agency are made aware of the findings.
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1. INTRODUCTION

The area of maize (Zea mays) grown for silage in England and Wales has increased markedly over the last two decades from 15,118 ha in 1983 (MAFF 1985) to 103,900 in 1999 (MAFF 2000).  Probably the area will increase still further as more, cold-tolerant and wind-resistant varieties are introduced.  The advantages of grain maize (Gue, 2001) are also becoming apparent leading to a greater use of the crop.  Using plastic mulch during the early stages of crop growth (Easson and Fernehough, 2000) may further extend the areas where it can be grown.  The crop has gained in popularity as it is an alternative to grass for silage and produces a high dry matter yield of reasonable nutritive value, requires less N than grass, and produces almost effluent-free silage.  Also it is harvested at a different time to grass silage and consequently enables the farm workload to be spread more evenly through the year.  Many farmers use contractors to drill and harvest the crop and as a result reduce their own workload.  The crop can also be used to re-cycle large amounts of slurry that would otherwise be difficult to dispose of or utilise.

However growing maize often causes environmental problems.  These may arise from the use of atrazine and other related herbicides on the crop, but more important are the problems of soil erosion and surface water run-off that can occur (Environment Agency, 2000).  For a large part of the year, the soil in maize fields has little or no vegetation cover and both sheet or rill erosion occurs, sometimes with spectacular results (Environment Agency, 2000).  Also important though and more widespread is the less obvious pollution of water courses by soil particulates and the phosphates associated with them leading to silting-up of water courses and eutrophication respectively.  Further surface water run-off may cause local and more widespread flooding.

In related work elsewhere sowing an understorey of another crop under the maize reduced the risk of soil erosion by water (or wind).  For example, Hartwig (1984) in the USA used crown vetch and workers in Switzerland have had success in growing a range of understoreys (Ammon & Bohren, 1996) including white clover.  In other work e.g Clements & Donaldson (1997) showed the feasibility and many advantages of growing white clover under cereals.  The present work tested the feasibility of growing ryegrass or clover under a maize crop and assessed the impact of this on reducing soil erosion.  Also, we tested the impact of growing a winter cover crop on reducing soil erosion and the effectiveness of chisel ploughing in reducing erosion and water run-off.

In the UK maize is nearly always grown on a wide row spacing (60 – 75 cm) largely to accommodate existing harvesting machinery, which leaves a large area of bare soil between the plants.  New types of harvesting machinery however allow narrower row spacings to be used which may help reduce soil erosion.  We tested the feasibility of growing maize at closer than current spacings and determined the impact of this on soil erosion and water run-off.

Problems of soil erosion, watercourse pollution and flooding are central to MAFF’s policy concerns and also to those of the Environment Agency who co-sponsored this work.

2. MATERIALS AND METHODS 

2.1
north Wyke

During the development year of 1998 at North Wyke, techniques were devised to enable us to be able to (a) successfully grow plots of maize either with an understorey or a winter cover crop and (b) to measure water and particulate run-off from the plots during the winter period.  

A system using a metal trough inserted in the ground to channel water through a tipping-bucket system to measure water volume was developed from existing related equipment.  The system developed also enabled us to take a sub-sample of run-off water for analysis for particulate and phosphorus (as total and dissolved P).

There were problems associated with maintaining a clover understorey below the maize at North Wyke during the 1998 growing season and in 1999 this treatment was abandoned and a chisel-ploughing treatment substituted.

An experiment was set-up on a field with free-draining sandy clay loam of the Crediton series, with a southerly aspect and a uniform slope of 3o. A seed bed was prepared in early May 1999 and 100 kg N, 120 kg K2O and 40 kg P2O5 /ha fertilizer, but no slurry was applied. Maize (cv. Hudson) was sown on 20 May 1999 at 104,000 seeds/ha, using a 6-row Kverneland Accord Optima drill, drilling up and down the slope. Four treatment plots (conventional bare stubble, chisel ploughed stubble, Italian ryegrass understorey and ryecorn winter cover crop), size 4.5m x 10m, were laid out in each of five replicates. All farm scale operations were carried-out using equipment that could deal with six rows in one pass and to ensure that all plots received equal numbers of wheelings, each plot straddled 6 rows of maize (0.75m row spacing). 

Spraying, post-emergence, to control weeds was carried-out on 11 June. The conventional and chisel-plough treatments were sprayed overall using atrazine (as Atlas Atrazine, 500g a.i./litre) at 3 l/ha of product, with 2 l/ha of adjuvant (Cropoil). The Italian ryegrass and winter rye treatments were band-sprayed (25cm width centred on the maize rows, to leave c. 50cm of the inter-row unsprayed) achieving the same concentration of products per unit area as the overall spray. 

Italian ryegrass (cv. Atalja) was broadcast over this undersowing treatment at 40 kg/ha of seed on 18 June, when the maize crop was at the 6-7 leaf stage.  

The plots were harvested on 13 October 1999 using a 6-row Claas self-propelled forage harvester. Prior to this, yield assessments were made on each plot by cutting and weighing three randomly selected 1m row-lengths, leaving a 10cm stubble. In order to determine dry matter content, a representative sample of two plants was taken from each 1m row-length, chopped using a Viking GE220 garden waste shredder, and dried in a force-draught oven at 85oC for 16 hours. 

The winter cover-crop treatment of rye (cv. Admiral) was direct drilled at 243 kg seed/ha using a Moore Uni-drill, on 4 November 1999. 

Following harvest, each plot of 4.5m x 10m was hydrologically isolated to contain surface water, which was directed by the slope into collection troughs at the bottom of each plot. The run-off then passed through a tipping-bucket mechanism where volume was recorded and an aliquot taken. The aliquots were subsequently analysed in order to determine particulate P (>0.45μm), total P and suspended solids. The volume of water running off each plot was determined, using the system described above, on 8 occasions, following rainfall events throughout February to early April 2000. Samples for total and particulate P and suspended solids analysis were taken at the same time. 

Rainfall during this period was recorded at a met. station c.250m away from the trial.  

An underground drainage system took water away from the plot area after it had flowed through the tipping bucket system.  

The same treatment plots were laid out in the same location during the 2000/01 winter as for the previous year.  A separate experiment with the same four treatments, but only three replicates was laid out at a site in North Devon (Frithelstock) in autumn 2000/01.  The site had a regular slope of 4.50, a south easterly aspect and was on a Neath series clay loam soil.

Unfortunately the serious outbreak of Foot and Mouth disease in the area prevented us from monitoring the water run-off from or taking samples after each rainfall event during the 2001 winter period.  However we were able to take a single, integrated final reading for each site when the apparatus was removed in May 2001 (North Wyke) or early April 2001 (Frithelstock).

2.2
Long Ashton

An area at  Long Ashton on an 80 slope on silty clay loam soil was selected in spring 1998 and two replicate plots of maize cv. Hudson of each of the following eight treatments were laid out using a factorial experimental design with a plot size of 6 x 12m, and drilled on 3rd May.  

Plough v. Non-inversion tillage

Conventional row width (75 cm) v. Narrow rows (12.5 cm)

Drill across slope v. Drill along slope 

Conventional row width (75cm) plots were drilled with a Stanhay precision drill at 109,000 seeds/ha.  Narrow row width plots (12.5cm) were drilled with a Vaderstad Rapid drill, calibrated to sow at the same weight of seed per hectare as the Stanhay.

Using the same protocol as at North Wyke, the plots were harvested on 24th September 1998 and maize population, yield and dry matter content of the harvested material assessed.  Metal troughs, 1m wide x 25cm deep were inserted at the lowest end of each plot in late autumn 1998 and excluded areas with wheel markings.  The water and particulates collected from the 3m2 area sampled by each trough was piped into a 25 litre container. The volume of water collected was measured after each rainfall event and sub-samples of water taken for particulate and P analysis.  Rainfall was recorded at a local meteorological station.

In 1999, a different experiment was laid out at the same site with four treatments viz:-

Drill across slope v. Drill along slope (all seedbed cultivations up and down slope)
White clover understorey v. No understorey

Two replicates of each laid out in a factorial design.  Plot size was again 12 x 6 m.  

The plots were drilled with cv. Hudson at 109,000 seeds/ha on 1st May using a Stanhay drill for all treatments.  Clover cv. Aran was broadcast by hand between the maize rows at 10kg/ha on the same day for the clover treatment plots.  Gesatop (simazine) @ 3l product/ha + Jester (bromoxynil + prosulfuron) @ 0.5l product/ha + adjuvant was applied overall to the non-clover plots, but only as a 20cm band on the maize rows in the clover plots, on 1st June.  Maize yield and crop dry matter content were assessed at harvest on 28th September 1999.  Metal troughs (same size and method as for 1998) were sunk into the ground at the lowest end of each plot in late Autumn 1999 and run-off water collected as before.

In 2000 the same plot layout as 1999 was drilled with cv. Hudson at 111,000 seeds/ha, on 12th May using an Accord Monoair drill.  The clover (cv Aran at 10gk/ha) was sown by hand on the same day in the clover treatment plots.  Atrazine @ 2.7l product/ha + adjuvant was applied to the non-clover plots on 15th May and DB Straight  (2,4 DB)@ 7.7l product/ha was applied overall to the clover plots on 26th June.  Maize population, yield and crop dry matter were assessed on 17th October.  On 28th November half of the non-clover plots were chisel-ploughed either across or along the slope (in accordance with the direction of drilling).  The 28th November was a dry day following 250 mm rain since harvest and an amply powered tractor with wide-profile types was used to minimise wheelspin and hence compaction.  Erosion traps were installed as before, excluding areas with wheel ruts, and the water run-off collected.

3. Results 

3.1
North Wyke & Frithelstock

3.1.1 Maize yield 
There were no significant differences between treatments in maize yield or maize dry matter content at harvest on 13th October 1999 (Table 1) and similarly at harvest on 19 October 2000 (Table 2).

Table 1 Maize yield (t DM/ha) and dry matter content (%), 13th October 1999, North Wyke

Treatment
Yield
DM content

Conventional
14.0
25.4

Conventional (+ chisel ploughing after harvest) †
13.4
26.3

Italian ryegrass
13.5
27.1

Ryecorn cover crop†
13.9
25.7

          Sed (12 df)
0.61 (NS)
1.38 (NS)

† these treatments established after maize harvest

Table 2  Maize yield (t DM/ha) and dry matter content (%) 19th October 2000, North Wyke & 19th October 2000, Frithelstock 

Treatment
Yield
DM content


North Wyke
Frithelstock
North Wyke
Frithelstock

Conventional                     
Conventional (+ chisel ploughing after harvest) †

Italian ryegrass

Ryecorn cover crop† 
)

)

)

)

)
13.5
13.6
26.4
21.4

† these treatments established after maize treatment


3.1.2 Water run-off 

During the winter of 1999/00 the winter cover crop (ryecorn) reduced water run-off marginally during the measurement period to 380 m3/ha (total for all eight rainfall events) compared to 433 m3/ha from the conventional plots.  The Italian ryegrass understorey reduced run-off to 168 m3/ha, but chisel ploughing reduced water run-off to a neglible 10 m3/ha (Table 3, Figs 1-3).

Table 3 Water run-off from maize stubbles, February/March 2000, North Wyke



Treatments

Date ('00)

Conven-tional
Chisel plough
Italian ryegrass
Ryecorn

(Rainfall 5-7th Feb 22.1 mm)

8th Feb
m3/ha
52.5
0.3
12.3
41.2


% run-off†
23.7
0.1
5.5
18.7



(Rainfall 8-10 Feb 12.9 mm)

10th Feb
m3/ha
23.1
0.5
5.5
18.6


% run-off†
17.9
0.4
4.2
14.4








(Rainfall 11-14 Feb 12.1 mm)

14th Feb
m3/ha
22.4
0.8
9.4
18.5


% run-off†
18.5
0.7
7.8
15.3








(Rainfall 15-21 Feb 13.2 mm)

21st Feb
m3/ha
22.0
0.6
6.5
18.5


% run-off†
16.7
0.5
4.9
14








(Rainfall 22-29 Feb 58 mm)

29th Feb
m3/ha
173.7
0.5
68.2
163.2


% run-off†
30
0.8
11.8
28.1



(Rainfall 1st - 7 March 14.4 mm)

7th March
m3/ha
36.2
1.0
13.5
33.8


% run-off†
25
0.7
9.3
23.3



(Rainfall 8th - 29th March 24 mm)

28th March
m3/ha
15.1
0.5
9.9
11.6


% run-off†
6.3
0.2
4.1
4.8



(Rainfall 29th March - 4th April 41.8 mm)

4th April
m3/ha
88.5
1.6
43.4
75.5


% run-off†
21.2
0.4
10.4
18.1

Total m3/ha
433
10
168
381

† i.e. % of rainfall for each plot that ran-off as surface water
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At the end of the 2001 winter the volume of water from at plots North Wyke and Frithelstock was as below (Tables 4 & 5).  Chisel ploughing more than halved the volume of surface-water running off the plots at North Wyke, but had less effect on the different soil type at Frithelstock.  Sowing a winter cover crop increased, and greatly at one site (Frithelstock), the volume of water running off  the plots.

Table 4 Water run-off from maize stubbles, Feb-May 2001, North Wyke


Treatment


Conventional
Chisel plough
Italian ryegrass
Ryecorn

Date ('01)

(Rainfall 9-13 Feb, 11.0 mm)

13th Feb
m3/ha
24.4
5.1
7.5
26.3


% run-off
22.2
4.6
6.8
23.9

(Rainfall 14-26 Feb, 6.6.mm)

26th Feb
m3/ha
0.5
0.1
0.2
0.3


% run-off
0.8
0.2
0.3
0.5

(Rainfall 27Feb - 21 May, 262.6mm)

21st May
m3/ha
383.0
143.1
207.6
451


% run-off
14.6
5.4
7.9
17.2


Total m3/ha
470
231
271
552

Table 5 Water run-off from maize stubbles, Feb- May 2001,  Frithelstock, Devon


Treatment


Conventional
Chisel plough
Italian ryegrass
Ryecorn

Date ('01)

(Rainfall 15 Feb - April 01, 227.5 mm)

April
m3/ha
270
222
280
1052


% run-off
11.9
9.8
12.3
46.3

3.1.3
Suspended solids and phosphate

The weight of suspended solids and phosphate leakage from the plots appeared to be closely related to the volume of water run-off (Table 6).

Table 6 Evaluation of overland flow, suspended solid, PP* and TP** transfer for the period 3 Feb to 4 Apr 2000 (North Wyke)


Overland flow, m3 ha
Suspended solids, kg/ha
PP transfer, g/ha
TP transfer, g/ha

Conventional
433
719
3029
3114

Chisel-ploughing
10
9
37
41

IRG under sowing
160
213
859
920

Winter cover crop
381
1551
5762
5850

LSD (P=0.05)
136.1
-
-
-

*  Particulate Phosphorus (particle size > 0.45 μm)

** Total Phosphorus

3.2
Long Ashton

In 1998 there were no significant differences in maize yield between treatments (Table 7).  However, drilling and carrying out all seedbed cultivations across the slope nearly halved water run-off (Table 8).  The mean water run-off of all treatments across the slope was 350m3/ha compared to the mean of 570m3/ha along the slope.

Table 7 Maize yield (t DM/ha) and crop dry matter content (%) at Long Ashton, 1998.



Ploughed
Non-inversion



Conv. Rows (75 cm)
Narrow rows (12.5 cm)
Conv. Rows

(75 cm)
Narrow rows  (12.5 cm)

Drilled across
Yield
15.6
17.9
15.2
17.2


DM %
29.1
29.9
29.4
30.2

Drilled along
Yield
14.7
16.8
17.1
17.1


DM %
28.8
28.8
29.5
29.1

No significant differences between treatments.

Table 8  Water run-off from plots at LARS, 1998 (Total m3/ha - total rainfall for all events 495mm)


Ploughed
Non-inversion


Conv. Rows (75 cm)
Narrow rows (12.5 cm)
Conv. Rows

(75 cm)
Narrow rows  (12.5 cm)

Drilled across slope

% run-off
313

6.3
409

8.3
371

7.5
308

6.2

Drilled along (up and down) slope

% run-off
370

7.5
607

12.3
620

12.5
680

13.7

As at North Wyke, the weight of suspended solid and phosphate leakage appeared to be closely related to the volume of water running off (Table 9).

Table 9 Evaluation of overland flow, suspended solid, PP & TP transfer for 11 events at Long Ashton, Winter 1998/1999


Overland flow

m3/ha 


Suspended 

Solids kg/ha
PP transfer

g/ha 
TP transfer

g/ha

Across/Narrow/plough
361
1,467
2,535
2,640

Across/Narrow/NI
269
2,302
2,352
2,407

Across/Conv./Plough
277
1,273
1,472
1,535

Across/Conv./NI
317
647
1,463
1,549

Along/Narrow/Plough
531
1,617
2,647
2,816

Along/Narrow/NI
594
2,560
4,237
4,384

Along/Conv./Plough
337
1,379
1,969
2,055

Along/Conv./NI
542
2,996
4,102
4,239

The above table suggests that on the light soil at Long Ashton (soil bulk density taken as 1) during the above period (26/12/1998 to 5/3/1999) in the worst case nearly 3 t/ha of soil was lost through surface erosion.  This eroded soil carried off with it just over 4 kg/ha of P, ie 7% of the application level needed for maize to maintain an Index 2 soil.

In 1999, the dry matter yield of maize from plots with the clover understorey was very much lower than from plots with no understorey (Table 10).  This may have been in part due to increased plant competition as no overall herbicide was applied to the clover plots and broadleaved weeds in the clover inter-row area grew unchecked.  However there were no significant effects on % dry matter (c. 30%) or population of the maize when harvested.

Table 10 Yield of maize (t DM/ha) 28th September 1999 at Long Ashton


Clover understorey
No clover

Drilled across 
5.95
13.4

Drilled along
8.25
14.5

LSD (P=0/05) 1.931



Presence of a clover understorey did though greatly reduce water run-off, especially when combined with drilling across the slope.  Clover understorey combined with drilling across the slope reduced run-off to about 10% of that from plots grown conventionally (i.e. no understorey and drilled along the slope) (Tables 11 and 12).

Table 11 Water run-off from plots at Long Ashton, winter 1999/2000.  Total m3/ha for all 15 events (490mm of rain).




Clover    (Mean)
No clover   (Mean)

Drilled across 

% run-off


17.5

0.4

                (28.4)
153

3.1

                    (145.5)

Drilled along 

% run-off
39.2

0.8
138

2.8

Table 12 Evaluation of overland flow and suspended solids for 10 events at Long Ashton, Winter 1999/2000.




Overland flow

m3/ha
Suspended solids

kg/ha 

Across/clover
12
3

Across/no clover
81
19

Along/clover
25
11

Along/no clover
86
33

In 2000 the dry matter yield of the plots with clover was again significantly lower, but this year the % dry matter of these plots was also significantly lower, 29.3% compared with 32.5%.  Although the herbicide 2,4-DB was applied overall to the clover plots (Experimental permit obtained) its control of the broad-leaved weeds was not very effective.

Table 13 Maize yield (t DM/ha) at Long Ashton 17th October 2000


Clover
No clover

Drilled across
8.1
14.5

Drilled along
9.0
14.3

LSD (P=0.05) 2.92



After harvest an additional treatment of chisel ploughing was imposed on the no clover plots, the operation being carried out in the same direction that the relevant plots were drilled.  This had a negative effect in countering water run-off.  By going up and down the slope, erosion was increased by 50% compared with leaving the ground cultivated.  Although erosion was less in plots drilled across the slope, chisel ploughing these plots doubled the amount of run-off, (Table 14).

Table 14 Water run-off from plots at Long Ashton, 2000/2001 (Total m3/ha for all 20 events (264mm of rain) 


Overland flow
% of run-off

Across slope/clover
21
0.8

Across slope/no clover
49
1.9

Across slope/no clover/chisel
88
3.3

Up and down/clover
19
0.7

Up and down /no clover
223
8.5

Up and down /no clover/chisel
331
12.5

The clover plots which had 40-60% ground cover (all other plots whether cultivated or not <5%) gave a 90% reduction in water run-off (as in 1999/2000).  The above results were collected 2nd January to 9th April 2001, a period when the soil was at field capacity for virtually the whole of the time and it was observed that where chisel ploughing had taken place, the loosened soil (and increased surface area) was more prone to slaking and  forming deep gullies and hence more water run-off during persistent downpours, than the undisturbed stubbles. The plots chisel ploughed up and down the slope always (20 events) gave the highest run-off, but those drilled across the slope often only gave in comparison small amounts, although on certain events (after very heavy storms) they were equally as high.

4.
DISCUSSION

It is clear from the above work that much can be done to control the problems of water run-off, soil particulate erosion and phosphorus (P) transfer from maize crops.  In some instances the simple expedient of chisel ploughing was sufficient to remove compaction and subsequent runoff. For example during the winter of 1999-2000 at North Wyke chisel ploughing which greatly increased surface roughness and creates fissures down which water can percolate reduced run-off to 10m3/ha compared with 433 m3/ha for conventional plots.

Based on preliminary findings it appears that simple winter cultivation may be all that is needed to prevent erosion and water run-off from maize in some instances.  However this may not always be appropriate, particularly if soil conditions do not allow for cultivation.  Heavier soils are likely to be more vulnerable to inappropriate cultivation because they tend to lie wet.  Sowing a winter cover crop made erosion considerably worse in certain circumstances and was probably due to capping or slaking of the soil surface, and topsoil compaction following the cultivations involved in drilling the crop.

The current work has produced considerable evidence of the benefits growing an understorey crop can bring.   At Long Ashton the combination of a white clover understorey plus drilling across the slope reduced water run-off by nearly 90% although yield of maize was reduced.    Other understorey crops may be just as effective as clover in reducing run-off, without affecting maize yield.  These need to be further explored.   The findings at North Wyke suggest that an understorey of grass does not affect maize yield and can reduce runoff by 40-60%.

Chisel ploughing at Long Aston markedly increased run-off.  The soil moisture content was at field capacity for much of the winter and chisel ploughing probably made the soil mechanically weak and hence more prone to damage than an undisturbed soil at the same moisture content (Davis, Eagle and Finney, 1993).

It is also probable that changes in some arable cropping patterns e.g. increase in area of late-sown winter wheat, exacerbate water run-off problems and we need to (a) establish the magnitude of any effects and (b) devise practical ways of reducing or preventing the problems.

The fact that the apparatus devised and drainage system installed continued to work satisfactorily for weeks on end when it was not possible to make field visits during the foot and mouth outbreak is a considerable testament to their design and reliability.  

5.
CONCLUSIONS

· This work has shown that simple practices can be undertaken to significantly reduce runoff from maize stubble 

· A clover understorey drilled across the slope reduced water run-off by 95% but this affected maize yield.  Other understories e.g. Italian ryegrass did not reduce yields but weren’t as effective as clover.
· Chisel ploughing greatly reduced water (and particulate) run-off, but soil moisture conditions need to be favourable to ensure shattering of compacted soil.  Harvesting maize earlier would provide greater opportunity for dealing with compaction. 
· Sowing a winter cover crop post maize harvest led to greatly increased run-off in some instances probably due to direct drilling into wet soil that caused further soil compaction.
6. RECOMMENDATIONS

The findings of this work have important implications in reducing flood risk and pollution from maize stubble.   There is also likely to be considerable scope for reducing enhanced runoff from compacted soil in other crops. 

· It is recommended that the Maize Growers Association are made aware of the findings
and that farmer demonstration events are set up.

· It is also recommended that Flood Defence and Water Quality staff in the Environment Agency are made aware of the findings. 
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