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Background 

East of Scotland Growers (ESG) have been experimenting with cover crops before their summer brassica 

crops. In spring 2020, ESG planted five different cover crop mixes in strips in their trial field near Balmullo, 

Cupar, Fife. The cover crops were sown on 14th April after harvest of energy beet on 12th March (in wet 

conditions) and destroyed just before planting broccoli on 2nd July. The cover crop mixes included Black 

oats, RAPS, Bodengare, Universal and Phacelia, planted in that order from the footpath on the North side 

of the field. Half of the cover crop area was destroyed by spraying with glyphosate one week before 

planting and the other half was destroyed with a crimper roller immediately prior to planting. The farm 

used strip till cultivation to plant the broccoli (Figure 1). 

Figure 1. Layout of cover crop treatments in the ESG trial field at Balmullo. 

After planting, the broccoli in the west section of the field, where the previous cover crop was destroyed 

using the crimper roll, grew better than the broccoli planted in the East section where the previous cover 

crop was destroyed using a glyphosate spray. This could be seen visually in the field and was shown in 

drone and satellite NVDI imagery of the field. 

Objectives 

The aim of this work was to: 

i. Carry out soil assessments in the East (cover crop destroyed with glyphosate spray) and West

(cover crop destroyed with crimper roll) sections of the field.

ii. Determine whether the difference in the growth seen in the broccoli crop between the East

and West sections of the field can be related to underlying soil variability.

Soil sampling and assessments were carried out on 23rd September 2020. 



Soil analysis 

Three replicate topsoil (0-15 cm) samples were taken from each section of the field. Each section was 

divided into three blocks and one representative sample (25 cores per sample) was taken from each 

block. The soil samples were analysed for pH, extractable P, extractable K, extractable Mg, organic matter 

(by loss on ignition) and soil texture (% sand, silt and clay) by NRM laboratories, and for potentially 

mineralizable nitrogen (PMN) by Hillcourt lab (Table 1). 

Table 1. Soil analysis results  

 East section – cover crop destroyed 
with glyphosate spray 

West section – cover crop destroyed 
with crimper roll 

Rep 1 Rep 2 Rep 3 Mean Rep 1 Rep 2 Rep 3 Mean 
pH 6.3 6.1 6.8 6.4 6.8 6.3 6.3 6.5 

Extractable P mg/l (Index) 33 (3) 37 (3) 37 (3) 36 (3) 34 (3) 37 (3) 32 (3) 34 (3) 

Extractable K mg/l (Index) 208 (2+) 159 (2-) 152 (2-) 173 (2-) 134 (2-) 162 (2-) 159 (2-) 152 (2-) 

Extractable Mg mg/l (Index) 181 (4) 189 (4) 188 (4) 186 (4) 149 (3) 158 (3) 168 (3) 158 (3) 

Organic matter (%) LOI 3.6 3.7 3.7 3.7 3.5 3.5 3.5 3.5 

Sand % 42 42 42 42 46 43 45 45 

Silt % 37 36 37 37 35 37 36 36 

Clay % 21 22 21 21 19 20 19 19 

Texture MCL MCL MCL MCL MCL MCL MCL MCL 

Potentially mineralizable N 
(mg/kg) 

20 16 25 20 25 24 25 24 

The soil is a medium clay loam with 3.5-3.7% organic matter. The target soil indices for vegetable 

rotations are pH 6.5, P index 3, K index 2+ and Mg index 21. The soil is at the target index for pH and P, 

above target index for Mg (at index 3/4) and below target index for K (at index 2-).  

Potentially mineralisable N (PMN) is the amount of organic N mineralised to plant available ammonium-

N or nitrate-N when the soil is incubated to create conditions favourable for mineralisation. It provides 

an estimate of the amount of nitrogen from the breakdown of soil organic matter that is likely to become 

available to the crop during the season. PMN can also be used as an indicator of soil biological activity. 

Mean PMN in the East section of the field was 20 mg/k compared with 24 mg/kg in the West section. 

Both measurements are in the ‘very low’ range reported by Hillcourt laboratory (i.e. <27 mg/kg ‘very low’, 

27-40 mg/kg ‘low’ and >40 mg/kg ‘typical’). 

Overall the measurements suggest that there was no significant difference in soil texture and chemical 

properties between the east and west sections of the field. 

Soil structure 

Soil structure was assessed using the Visual Evaluation of Soil Structure (VESS) method and by digging a 

soil pit. The VESS score is an assessment of soil structure and porosity. The topsoil is assessed according 

to how easy it is to break-up a block of soil; the size and shape of its constituent soil structural units (or 

aggregates); the abundance of visual pores, cracks and fissures and the distribution of roots and 

earthworm channels. Three VESS assessments were made in each field section approximately equally 

spaced along the length of the field (Figure 2). 

At each location, a 25 x 25 cm block of soil (approximately spade width and depth) was extracted, placed 

on a plastic tray and pulled apart by hand for assessment. The top 10 cm and bottom 15 cm layers were 

assessed and scored separately. The physical nature and visual appearance of the soil aggregates was 

compared with the pictures and descriptions on the VESS field sheet (Appendix 1). The lowest score (Sq1 
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- Friable) is given to the least compact and most porous condition, and the highest score (Sq5 - Very 

compact) to topsoil that is difficult to break up into large, plate-shaped aggregates with roots mainly 

restricted to cracks. The number of earth worms in the 25 x 25 cm block of soil was counted.  

 

Figure 2. Location of soil assessments (VESS and soil pit) 

In both field sections, the top 10 cm soil layer scored Sq 2 ‘intact’ – most soil aggregates were porous and 

easy to break with one hand. The bottom 10-25cm soil layer scored Sq3 ‘firm’ – a mixture of porous 

aggregates and some angular less porous aggregates that are harder to break with one hand. With the 

exception of sample 1 in the East section of the field, the other five VESS samples scored very similarly 

(Table 2 and Figure 3). 

Table 2. VESS results  

 VESS Score Number of 
earthworms Top 10 cm Bottom 15 cm 

East section of field; previous cover crop destroyed with glyphosate spray 

Sample 1 2.5 3.5 5.0 

Sample 2 2.0 3.0 3.0 

Sample 3 2.0 3.0 4.0 

Mean 2.2 3.2 4.0 

West section of field; previous cover crop destroyed with crimper roll 

Sample 4 2.0 2.5 4.0 

Sample 5 2.0 3.0 1.0 

Sample 4 2.0 3.0 3.0 

Mans 2.0 2.8 2.7 

A mean of 4 earthworms per spade of soil was measured in the East section of the field and 3 earth worms 

per spade in the West section. This is a relatively low number of earthworms (Griffiths et al., 2018) and 

probably reflects the dry soil conditions when the assessments were made as earthworms tend to burrow 

deeper into the soil when conditions are dry.  

 

 



 

Figure 3. VESS sample 6 pre (left) and post (right) break up of soil; 0-10 cm layer scored Sq 2 ‘intact’ 

and 10-25 cm layer scored Sq 3 ‘firm’  

In addition to the VESS assessments, a soil pit was dug to approximately 50 cm depth at one location in 

the field to look at crop rooting. The broccoli roots were evident throughout the profile and there was no 

evidence of horizontal rooting which would indicate compaction.  

 

Figure 3. Soil pit - broccoli roots were distributed throughout the soil profile 

A video of showing soil assessments at the site can be viewed here. 

 

 

https://youtu.be/_WDBr7SXRA8


Satellite NDVI imagery 

Satellite NDVI imagery was sourced from DataFarming.com. Images with low cloud cover were selected 

to show: 

 2020 Broccoli crop (Figure 4a) 

 2020 spring/summer cover crop (Figure 4b) 

 2019/2020 previous energy beet crop (Figure 4c) 

 2019 previous energy beet crop (Figure 4d) 

  

  
Figure 4. Satellite NVDI imagery showing current and previous crops – red box shows the area of the 

field planted with broccoli in 2020. Source – DataFarming.com, note that the colour scale used is not 

consistent between images.  

The NDVI image from 12/08/20 shows a clear difference in the broccoli crop, with lower NDVI in the East 

section of the field where the cover crop was destroyed with glyphosate. This East/West field difference 



is not evident in the NDVI images from the previous cover crop (Figure 4b), energy beet crop (Figure 4c 

or 4d). 

Conclusions 

The soil was at target index for pH and P, above target index for Mg (at index 3/4) and slightly below 

target index for K (at index 2-). Soil structural assessments did not identify any significant soil compaction 

or structural issues, despite the harvest of energy beet in March when soil conditions were wet, which 

could have caused compaction. Earthworm counts and potentially mineralizable nitrogen were measured 

as indicators of soil biology and were relatively low. The organic matter content (c.3.6%) is lower than 

average for a medium textured soil in lower rainfall area (Griffiths et al., 2018). However, the good soil 

management practices employed by the farm including use of organic manures and cover cropping will 

help to maintain and improve soil condition over time.  

There was no evidence that the East/West field difference seen in the 2020 broccoli crop was related to 

underlying soil variability. Soil laboratory analysis and physical assessments in the field showed that the 

soil was very similar in the East and West sections. Satellite and drone NDVI imagery show a clear 

East/West field difference in the broccoli crop which is in line with the split between the two cover crop 

destruction techniques (glyphosate spay and crimper roll). This supports ESG conclusion that the 

difference in broccoli crop performance is related to the cover crop destruction techniques, although not 

through any direct impact of the destruction techniques on measured soil properties.  
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