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1. Abstract 

This project is part of a suite of 11 integrated projects (Soil Biology and Soil Health Partnership) 

specifically aimed at addressing the AHDB and BBRO Soils Programme call - "Management for Soil 

Biology and Soil Health". This project is designated Project 1 within WP1 (Benchmarking and 

baselining, see Figure 1). The purpose of this project is to update the existing scientific reviews of 

soil biology and soil health, especially as applicable in temperate UK cropping systems and then to 

translate the information from that scientific format into a descriptive model which allows the 

important interactions (environmental, soil, crop, management) contributing to soil health to be 

summarised semi-quantitatively. This will link with the key treatment/soil/ site combinations used in 

subsequent projects (WP2), to provide the understanding needed to explain the rationale for effective 

management practices for users. This approach will also allow the development of a visual tool that 

summarises the key interactions affecting soil biology and health, which is specifically targeted at 

building practitioner understanding to develop improved soil management and which will be tested 

at knowledge exchange events particularly within WP3 Project 10. This will lead to a greater 

awareness amongst growers of (a) the impacts of soil management and crop selection, and (b) the 

complexity of biological interactions in soil.   

 

To update the scientific knowledge on soil biology and soil health we undertook a literature review  

of articles published since 2008 (date of a recent significant review) that were accessible through 

the Web of Science database or in reports and other ‘grey’ literature known to the team. We tabulated 

the effects of the different management options identified on the biological, physical and chemical 

properties of soil. Some of the management options were specific and well acknowledged i.e. 

reduced tillage, added organic matter, residue retention, fertiliser addition, liming, strip tillage, 

controlled drainage, controlled traffic, biocides, buffer strips, plastic mulch and adding earthworms, 

however, others were more general and less specific such as conservation agriculture (including 

cover crops), plant diversity and organic farming. There are still gaps in the knowledge for the less 

common management options especially for interactions between soil type and climate as well as 

for combinations of management options. To generate the visual tool the effects of the management 

options were modified semi-quantitatively according to soil type (light, medium or heavy), UK climatic 

zone (cool & dry; cool & wet; warm & dry; warm & wet) and generic agricultural practices (combinable 

arable; arable & root crops; grass). A visual tool was developed which presented the likely magnitude 

of the effects of representative management options (reduced tillage; no-tillage; cover crops; carbon-

rich or nitrogen-rich organic amendments) on a suite of biological, physical, chemical and economic 

outputs. The model and the rationale behind the model were presented at a technical workshop and 

two industry workshops. Feedback from those workshops will be carried forward to Work Package 

3, where it will be used to update the model and the visual tool to maximise awareness amongst 

growers. 
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Figure 1. Diagram to show how project 1 (in black) fits into the organisation of the Soil Biology and 

Soil Health Partnership.  
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2. Literature search to update the existing scientific reviews of soil 

biology and soil health 

2.1. Methodology 

The project team had led two previous extensive reviews in this area published as Stockdale and 

Watson (2009; 2012). Therefore in this project, an initial search of literature, using the Web of 

Knowledge databases from 2008 (that would have covered publications up to 2008 at least) to the 

present (end 2016), was done using the following specific search terms:  

SOIL AND HEALTH AND ! or SOIL AND QUALITY AND !, or SOIL BIOLOGY AND !  

where ! was one of the main management options of soil health/quality identified in the 

proposal.  

Namely TILLAGE, SOIL ORGANIC MATTER, DRAINAGE, pH, ROTATION, CROP, each used 

individually. 

 

A search using SOIL QUALITY OR SOIL HEALTH gave 44,439 records in total within the Web of 

Knowledge databases (2008-2016). 

Using the search terms specified (!) these were narrowed down to 29,970 individual papers. This 

was further reduced to 1,962 by initially focussing on review papers. After screening for relevance 

from the article title and abstract (i.e. the review would have to be either relevant to UK type climatic 

conditions and agricultural practices, or present generally applicable principles relating to soil biology 

and soil quality) a total of 88 review papers were evaluated.  

These reviews were found in the following publications: 

 Advances in Agronomy (4) 

 Agricultural Systems (1) 

 Agriculture, Ecosystems and Environment (1) 

 Agronomy for Sustainable Development (13) 

 Annual Review of Phytopathology (1) 

 Applied Ecology and Environmental Research (1) 

 Applied Soil Ecology (5) 

 Archives of Agronomy and Soil Science (1) 

 Biology and Fertility of Soils (2) 

 Biotechnologie Agronomie Societie et Environment (2) 

 British Food Journal (1) 

 California Agriculture (1) 

 Critical reviews in Plant Science (1) 

 Current Opinion in Environmental Sustainability (2) 

 Current Science (1) 
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 Ecological Indicators (2) 

 Environmental Chemistry Letters (1) 

 Experimental Agriculture (1) 

 Frontiers in Plant Science (1) 

 Geoderma (1) 

 Global Change Biology (3) 

 ISME Journal (1) 

 Journal of Chemical Ecology (1) 

 Journal of Soil Science and Plant Nutrition (1) 

 Journal of the Science of Food and Agriculture (1) 

 Land Use Policy (1) 

 New Zealand Journal of Agricultural Research (1) 

 Open Geosciences (1) 

 Phyton (1) 

 Plant and Soil (1) 

 Renewable Agriculture and Food Systems (1) 

 Revista Brasileira de Ciencia do Solo (1) 

 Science of the Total Environment (2) 

 Scienta Agricola (1) 

 Soil and Tillage Research (3) 

 Soil Biology & Biochemistry (7) 

 Soil Change Matters (IOP conference series ) (1) 

 Soil Research (3) 

 Soil Science Society of America Journal (2) 

 Soil Use and Management (3) 

 Sustainability (2) 

 Water, Air and Soil Pollution (1) 

(A full list of these references according to subject area is given in Appendix 1) 

 

In addition to the systematic Web of Knowledge search a further 19 reports, in the so-called ‘grey’ 

literature, specifically known by the participants to be relevant were evaluated. These included: 

 Environment Agency Science Report SC 030265 The development and use of soil quality 

indicators for assessing the role of soil in environmental interactions. Merrington, G. et al. 

2006. 

 DEFRA report - Indicators of soil quality – physical properties (SP1611). Rickson .R.J. et al. 

2013. 
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 Soil Security Programme  - How do we define and measure soil health, Post Workshop 

Report. 2016. 

 JNCC Report No: 364 Do farm management practices alter below-ground biodiversity and 

ecosystem function? Implications for sustainable land management. Stockdale, E.A. et al. 

2006. 

 Environment Agency Science Report SC 050054SR2 Road Testing of ‘Trigger Values’ for 

assessing Site Specific Soil Quality. Phase 2 – Other Soil Quality Indicators. Bhogal, A. et a. 

2008. 

 Defra Project No. SP0529 SQID: Prioritising biological indicators of soil quality for 

deployment in a national-scale soil monitoring scheme Summary report. Black, H.I.J. et al. 

2008. 

 Defra Soils Research – Evidence Review Final Report. Smith , K. et al. 2015 

 AHDB Research Review No. 90 A review of the benefits, optimal crop management practices 

and knowledge gaps associated with different cover crop species. White, C.A. et al. 2016 

 HGCA Research Review No. 81 Straw incorporation review. Nicholson, F., 2014 

 SmartSoil Deliverable D3.4: Modelling constraints and trade-offs in optimizing SOC. Glenk, 

K. et al. 2015. 

 Defra BD5001: Characterisation of Soil Structural Degradation Under Grassland and 

Development of Measures to Ameliorate its Impact on Biodiversity and Other Soil Functions. 

Newell-Price, P. et al. 2012. 

 SAC technical notes (https://www.sruc.ac.uk/downloads/120202/technical_notes). 

 

Thus, a total of 107 reviews, papers and reports were used to update the comprehensive knowledge 

already available and summarised in Stockdale and Watson (2012). Managing soil biota to deliver 

ecosystem services, Natural England Commissioned Report NECR100. 

 

2.2. Key findings 

Advances in understanding the factors contributing to soil health since the previous review of 

Stockdale and Watson (2012), have largely been to add detail in two main subject areas. Firstly on 

the effects that different management strategies have on soil health parameters and, secondly, on 

the beneficial effects that soil health parameters have on agricultural outcomes. Thus, in the case of 

earthworms which are a key biological indicator of soil health (see for example Project 2), there have 

been meta-analyses looking at the effects of tillage on earthworms and also on the beneficial effects 

of earthworms on crop yield. The effects of tillage (van Capelle et al., 2012) can now be broken down 

according to soil type (sand, silt, clay, loam), extent of tillage (conventional plough, minimum tillage, 

no tillage) and by the different ecological groups of earthworms. This means that the effects of the 

selected management options (tillage, soil organic matter, drainage, pH, rotation, crop) on 
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earthworms can be modified according to environmental conditions. The practical contribution of the 

key indicators of soil health to agronomic output has also been quantified in greater detail. Again in 

the case of earthworms, another meta-analysis (van Groenigen et al., 2014) has quantified the 

increase in crop yield due to the earthworm effect for different crop types and environmental 

conditions. This provides a much stronger evidence for including many of the indicators as there are 

now quantifiable beneficial effects. Similar benefits have also been shown for the general nematode 

community (Gebremikael et al., 2016), which includes bacterial-feeders, fungal-feeders, omnivores 

and predators and not simply the plant-parasites that are the focus of many soil tests. A meta-

analysis of cover crops has shown that effects on yield depended on: the crop type (maize or 

soyabean), the cover crop (legume or non-legume) and soil type (light or heavy) (Alvarez et al., 

2017). The practice of no-till has similarly been shown to positively affect crop yield and soil 

properties, depending on the background soil conditions, crop type and fertiliser regime (Zhao et al., 

2017). Reports on the effects of other tillage practices are also emerging, such as the positive effect 

of strip tillage on soil properties and yield (Leskovar et al., 2016). The bibliography related to these 

effects is given in Appendix 1 and the broad direction of the effects of the management options on 

soil biological, physical and chemical soil attributes identified from the literature search are indicated 

in Table 1 (see later). This information forms the basis of the semi-quantitative model described in 

section 3. 

 

The most important consequences for understanding what soil health is and how best to 

communicate that knowledge can be distilled from a series of reviews related to the monitoring of 

soil health, and the effects of management options such as straw incorporation and cover crops 

(Black et al., 2008; Nicolson et al., 2014; Rickson et al., 2013; Smith et al., 2015; White et al., 2016; 

Stockdale and Watson, 2012).  

 

The main general points arising from these integrated reviews are:  

 “Soil health is the capacity of soil to function as a living system, within ecosystem and land 

use boundaries, to sustain plant and animal productivity, maintain or enhance water and air 

quality, and promote plant and animal health. Healthy soils maintain a diverse community of 

soil organisms that help to control plant disease, insect and weed pests, form beneficial 

symbiotic associations with plant roots; recycle essential plant nutrients; improve soil 

structure with positive repercussions for soil water and nutrient holding capacity, and 

ultimately improve crop production" (FAO, 2008). 

 Assessment of soil health requires a consideration of chemical, physical and biological 

characteristics of soil; these are often strongly interdependent and hence there is no single 

recommended approach for the characterisation and measurement of soil health. The 

complexity of the interactions with biological functions can probably be best explained in the 

linked diagrams, Figures 2 and 3. These show the complexities of the microbial soil food web 
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and then how that food web forms part of a hierarchy of biological, physical and chemical 

interactions leading to soil health. 

 Site/environmental factors control some soil properties such as texture, depth, and 

hydrological functions (receiving / shedding site etc) and these unmanageable factors set 

site-specific constraints to the size, diversity and activity of soil biology and also soil function. 

They will also affect the capability of the farmer/ grower to adopt changed practices.  

 The main management options relating to soil health are: tillage; soil organic matter; 

drainage; liming to increase soil pH; crop; and rotation.  

General principles for soil management can be drawn out of the literature (Figure 4) but their 

implementation requires the development of locally-adapted practices which fit the soil type / climate 

and agricultural system 

 

 

 

Figure 2: A diagram representing the soil food web, showing the flows of energy (i.e. carbon, and 

therefore nitrogen and other nutrients) through the main trophic groups of microorganisms, micro- 

and mesofauna in a typical UK agricultural soil (de Ruiter et al., 1993). 
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Figure 3: Diagram to show how the soil food web, within the decomposition box, interacts with 

other biological, chemical and physical factors in the soil to create soil structure. Stockdale and 

Watson, 2012. 

 

 

 

 

 

Figure 4. A summary of the key principles underpinning the development of farm management 

practices to improve soil health. 
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Detailed background to these conclusions is available online 

(http://publications.naturalengland.org.uk/publication/2748107); the report is freely available for use 

and re-use under the Open Gov licence subject to certain conditions (see Copyright). 

Knowledge gaps still exist in our understanding of soil health, in particular: 

 

 Rickson et al (2013), who just covered physical measures of soil quality, considered that 

although narrative links could be described between soil properties and soil functions, there 

was insufficient knowledge even to construct a conceptual model for the interactions between 

physical measures of soil quality, soil processes and functions. 

 There is lack of quantitative information on the impacts of cover crops to guide decision-

making; priority areas for more research are effects on pests and diseases, effects on N 

(particularly for amending subsequent fertilisation regimes) and effects on SOM (White et al. 

2016). 

 There is a paucity of information of the effects of soil management practices on ecosystem 

services beyond food/fibre production i.e. nutrient cycling, water retention, biodiversity and 

habitat and storing, filtering and transforming compounds, as detailed by Smith et al. (2015). 

 

However, the literature reviewed was useful in adding more specific detail to our knowledge of the 

effects of individual driving factors on different components of soil quality (Table 1 and Appendices 

1 and 4). Tabulating the effects of the main management options (change in agricultural practice) 

against measures of soil quality (Table 1) shows that comprehensive information is only available 

for some of the management options (reduced tillage, added organic matter, plant biodiversity, 

conservation agriculture and crop residue management). Even here it is often only for specific 

crop/soil/climate combinations or expressed in terms of general principles.  The remaining 

management options are sparsely populated in the table and this reflects more specific concerns 

related to these practices (e.g. effects of plastic mulch on earthworms).  

 

 

http://publications.naturalengland.org.uk/publication/2748107
http://publications.naturalengland.org.uk/copyright
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Table 1. Summary of the literature review to show effects of agricultural management options (reduced tillage, organic matter addition, etc) on soil 

biological, chemical, or physical effects and crop yield. Effects are either positive (+) or negative (-) compared to a conventional management 

option, or there is no information (blank). References generating this information are listed by subject area in Appendix 1, with hyperlinks to 

the online versions of the papers in Appendix 4 . 

 

 

Biology Chemistry Physics Yield 

Earth 
worms 

Microbial 
biomass 

Enzyme 
Activities 

Bio- 
diversity 

Natural 
enemies 

Fewer 
Slugs 

Fewer 
Weeds 

Less 
Disease 

Soil 
organic 
matter 

Less 
Nutrient 

loss 

Less 
Herbicide 

use 

Less 
Pesticide 

loss 

Nutrient 
Availability 

Soil 
structure 

Traffic-
ability 

Yield 
 

Reduced 
tillage + + + + + - - - + + -     +/- + - 

Organic matter 
addition + + +         - +     + - +   + 

Conservation 
agriculture + + + +   -     +         +   - 

Grass ley + + + +     + + +         +     

Crop residue 
addition + + +         - + +       +   +/- 

Organic vs 
conventional 

  + + +         + +       +   - 

Fertiliser input   + +           + -       +   + 

Controlled 
drainage 

                  +         - - 

Liming +                         +   + 

Strip tillage   +                           - 

Controlled 
traffic 

                          +   + 

Biocides -   +/-                           

Buffer strips                   +   +         

Plastic mulch -                               

Earthworm 
addition 

                              + 
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3. Development of a descriptive (semi-quantitative) model 

The effects of the agricultural management options (management variables) are modified by 

agronomic conditions across the UK. Expert knowledge drawing from an understanding of the 

underlying principles of soil/plant/organism/environment interactions was needed to interpolate and 

extend the results of the literature review, to give a full coverage for UK agricultural systems and to 

consider how any general findings might be adjusted as a result of soil/ region specific nuances. 

Thus, the table (Table 1) was expanded to include mycorrhizal fungi, soil biota, the extra soil 

chemical parameters of pH, N, P, K and cation exchange capacity and the physical parameter of 

water infiltration. The effects of the management options (i.e. positive or negative in Table 1) was 

further modified by regional climate, soil type and farming system prevalent in the UK.  

 

The expert opinion of the project partners was used to apply the modifications and thus Table 2 

shows how the effect of each driver is moderated or exaggerated by: 

 soil type (simplified to light (sandy), medium or heavy (clay-rich),  

 regional climate (simplified to cold & wet; cold & dry; warm & wet; warm & dry)  

 main agricultural systems (combinable arable, arable including root crops, grass)  

As an example from Table 2, effects of management options on earthworms are likely to be more 

pronounced in heavy soils (+1) and less pronounced in light soils (-1). A combination of the effect 

(Table 1) and the modification (Table 2) then gives a semi-quantitative outcome for the scenarios 

(Table 3). Here we have applied the general finding that the effects of reduced tillage are c. 75% of 

that for no-tillage (Peigné et al., 2007).   

This leads to a set of tables (Appendices 2 and 3) equivalent to the example given in Table 3. In 

Appendix 2 the tables show how the management options are give a numerical value and combined 

with the moderating effects of the farm attributes. Appendix 3 then shows how the effects of 

representative management options are estimated for each of the farm attribute combinations.  

Although we have simplified some of the management options here (e.g. addition of organic matter) 

it is clear that some of the management options will also require further sub-division, as the effects 

of stabilised compost are shown in some circumstances to differ from cattle slurry or an anaerobic 

digestate (RB209). Another practical consideration that is missing from the research available to the 

literature review is that farmers and growers are likely to implement a range of management options 

simultaneously (such as reducing tillage and growing a cover crop) so a range of interacting 

scenarios will need to be considered as the model and prototype visual tool is further developed in 

WP3. However, the results of the literature review provide the scientific understanding of the 

mechanisms behind the changes in soil quality (e.g. reducing tillage reduces soil mixing so that 

organic matter and minerals concentrate in the upper topsoil increasing labile carbon content, 

nutrient turnover and microbial activity). These mechanisms are explained in more detail in Soane 

et al., (2012) and Stockdale and Watson (2012) available at 

http://publications.naturalengland.org.uk/publication/2748107 

http://publications.naturalengland.org.uk/publication/2748107
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Table 2.  Summary of how farm attributes (soil type, regional climate, agricultural system) will moderate the magnitude effects of the management 

options detailed in Table 1 on soil parameters. The biological, chemical and physical parameters have been expanded to include mycorrhizal fungi (AMF),soil 

biota,  soil nitrogen (N), phosphorus (P), potassium (K), pH, cation exchange capacity (CEC) and water infiltration. The direction of the driver effect (positive or 

negative  from Table 1) is not changed but the magnitude of that effect is weaker (-1) or stronger (+1) depending on the farm attributes. 

 

 

 

  

Farm attributes 

 
 

Soil type  Regional climate  Agricultural system 

 

 
sand medium clay 

 
cold/wet cold/dry warm/wet warm/dry 

 

arable-
combinable 

arable-
roots 

grass 

  earthworms -1 0 1  0 -1 1 -1  0 -1 1 

 

microbial 
biomass -1 0 1  0 -1 1 -1  0 0 1 

 
enzyme activity 1 1 0  0 0 1 1  0 0 1 

 
natural enemies 0 0 0  0 -1 1 -1  0 -1 1 

 
AMF 0 0 0  0 -1 1 -1  0 -1 1 

Biology soil biota 0 1 0  0 -1 1 -1  0 -1 1 

 
slugs -1 -1 0  0 -1 1 0  0 0 0 

 
weeds -1 -1 -1  -1 -1 -1 -1  0 0 -1 

 
disease -1 -1 -1  -1 -1 1 1  0 0 0 

  SOM -1 -1 -1  -1 -1 1 1  -1 -1 -1 

 
N -1 0 1  1 1 1 -1  -1 -1 1 

 
P -1 0 1  1 0 0 -1  -1 -1 0 

 
K -1 0 0  0 0 0 0  0 0 0 

Chemistry pH -1 0 1  0 0 0 0  0 0 0 

 
CEC -1 0 0  0 0 0 0  0 0 0 

 
Nutrient loss -1 0 1  0 0 0 0  0 0 0 

 
Herbicide 0 -1 0  0 -1 1 -1  0 1 -1 

 
Pesticide loss 0 0 0  0 0 0 0  0 0 -1 

 
N loss -1 0 1  0 0 0 0  0 0 0 

  soil structure 1 0 -1  -1 0 -1 1  0 0 1 

Physics water infiltration 1 0 0  0 0 0 0  0 0 1 

 
trafficability -1 1 1  0 0 0 0  0 0 1 

Yield Yield -1 0 1  0 -1 1 0  0 0 0 
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Table 3.  An example of the semi-quantitative outcomes of the modified effects of agricultural management options on soil health parameters, compared to a 

conventional management option. This example is for the scenario of an arable including root crops system, in a warm & wet climatic zone on a light (sandy) 

soil. The changes are strongly positive or strongly negative (++, - -), positive or negative (+, -) or neutral (=) 

 Management option 

 

Reduced 
tillage 

High C 
Organic 
Matter 

High N 
Organic 
Matter 

Cover 
crops 

 Reduced tillage, 
high C OM, 
cover crops 

Reduced tillage, 
high N OM, 
cover crops 

earthworms ++ + 0 +  ++ ++ 

microbial biomass + ++ + ++  ++ ++ 

enzyme activity + + 0 +  + + 

natural enemies + + + +  ++ ++ 

AMF + 0 0 +  ++ ++ 

soil biota + + + +  ++ ++ 

Fewer slugs - 0 0 0  - - 

Fewer weeds - 0 0 -  = = 

Less disease - 0 0 0  = = 

SOM + + + +  - - 

N 0 0 0 +  + + 

P 0 0 + 0  = = 

K 0 + 0 0  + + 

pH 0 0 0 0  ++ + 

CEC 0 + 0 0  + + 

Less nutrient loss + - - +  = - 

Less herbicide - 0 0 0  - = 

Less pesticide loss 0 0 0 0  = = 

Nutrient availability 0 - - 0  - = 

soil structure + 0 0 0  + + 

water infiltration - + 0 0  + + 

trafficability + + 0 0  + + 

Yield - + + 0  = = 
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4. Communicating the information to farmers / growers using a visual 

tool 

Given the complexities in the interactions between management practices and the physical, chemical 

and biological properties of soil, their interaction and consequent soil function, simple predictions of 

impacts are not possible.  In fact, farmers themselves routinely mention that the same management 

practice can result in different effects in different seasons or on different soil types.  In addition, 

Sherwood and Uphoff (2000) note that one of the challenges for improving soil management is that 

of supporting farmer engagement with information so that they can identify and prioritise problems 

and opportunities, test and evaluate innovations and become partners in sharing the information 

gained.  Hence as well as providing materials to describe the underpinning principles and case-

studies to highlight the site-specific impacts of particular practices, the project has sought to develop 

a visual tool which allows farmers to investigate the impacts of a range of management scenarios 

and thereby to make the descriptive model an effective tool for knowledge exchange. 

 

The tool is designed to display the likely effects of the different management scenarios visually, in a 

way that shows both the complexities (i.e. the interconnections between physics, biology and 

chemistry) and the trade-offs (e.g. that with added compost you are likely to increase the positive 

biological attributes and yield, even though you may immobilise nutrients and need more effective 

weed control). The tool as described here is a prototype version that will be further developed 

throughout the project, in light of the practical results from WP 2 and as a result of the KE activities 

in WP 3. Essentially the prototype tool converts the scenario outcomes from Table 3 into a single 

table for each scenario (that is each combination of soil type, climatic zone, and agricultural system) 

and gives the outcomes for each of the soil parameters in a graded traffic light system. So, green for 

positive outcomes for the grower and the environment and red for negative outcomes. The more 

intense the colour the stronger the effect. The user selects values for their climate, soil and 

agricultural system from drop down menus and then selects the practice about which they want to 

know more, this then presents the scenario outcomes on screen. In the prototype tool the farmer 

would be offered a choice of field conditions to most closely match their situation and a choice of 

management options to choose from (see example in figure 5), the likely effects on soil health are 

then calculated and presented in the traffic light format but also with a summary of likely effects on 

farm margins, summary pro’s and con’s, and links to up to 4 key references (as in figure 6). Because 

of the patchy nature of the scientific evidence for the effects of management options on all aspects 

of soil biology (see Table 1), we have combined the responses of earthworms, microbial biomass, 

soil enzymes, mycorrhizal fungi (AMF), natural enemies and soil biota into a single category – 

positive biology. 
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Figure 5: Screenshot to show the options available to the user of the prototype visual tool, giving choices of relevant soil type, climate and cropping system on 

which to explore the likely effects of a range of management changes. 

 

 

 

 

 

 

 

Management Effects on Soil Health

Field Conditions

Please enter the conditions for your field

Soil Type i.e. Sandy, Medium or Clay Sandy

Climate i.e. Cold Wet, Cold Dry, Warm Wet or Warm Dry Cold Wet

Cropping i.e. Arable-combinable, Arable-roots or Grass Arable-combinable

Management Change

Please enter Management Change No Tillage

This can be:

No Tillage

Reduced Tillage

High C Organic Matter

High N Organic Matter

Cover Crop



16 

Effect on Soil Quality Variables           

  Margins         

  Short term (1st Year) 
Longer term (5+ 
years)   Key to Outcomes   

        Good 

            

   Effect         

For the Management and Conditions of:  Positive Biology      

No Tillage  Reducing Slugs       

and the soil:  Reducing Weeds       

Sandy  Disease     Poor 

the climate:  SOM       

Cold Wet  N   Advantages Disadvantages 

the cropping:  P   No Ploughing, 
Reduced Fuel Use, 
Reduced Labour 
Costs 

Increased Spraying, 
More Weed Control Arable-combinable  K   

   pH   

   CEC   

   Nutrient Retention   

   Reducing Herbicide Use 

   Water Infiltration   

   Trafficability   

   Soil Structure   

   Yield   

            

        References   

        Abdalla et al (2012)   

        Crotty et al (2016)   

        Lu & Lu (2017)   

        Trenois et al (2010)   
 

Figure 6.  Screenshot of the outcome of the visual tool showing the effects of implementing no-tillage on a sandy soil in a cold & wet climatic zone for a 

combinable arable system. Several aspects of this screenshot show that this is a prototype version and continued development in workpackages 2 

and 3 will be required. The positive biology category encompasses effects on earthworms, microbial biomass, soil enzymes, mycorrhizal fungi 

(AMF), natural enemies and soil biota. The prototype visual tool will be ‘sense-checked’ as part of projects 8 and 9. 
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In the initial phase, the project team tried to strike a balance which did not i) make either the input 

required or the output presented too complex and ii) make the output too simple or general – where 

either of these outcomes result then the approach is more likely to be off-putting than engaging.  

Taking the practical point of view that the tool should help support decision-making, the project 

partners considered that:  

 positive biological attributes could be reported together as there are no management 

decisions dependent on which aspect of the positive biology is affected  

 water infiltration and soil structure can also be reported together as they are interdependent 

 detailed information on the negative attributes would be of use when thinking about 

management options 

 individual nutrients and pH are already part of the soil reporting commonly used so that 

growers would be used to that information 

 

5. Conclusions 

It is clear in conversations with farmers, policy-makers and in the context of multi-disciplinary 

research groups that providing an integrating description and measure of soil health has immense 

conceptual appeal, but when we move towards practical development within the soil science/ 

agronomy community, it is also clear that it is very difficult to implement operationally. All studies of 

soil function (as summarised clearly by Wardle and Giller, 1996; Young and Ritz, 1998) show that 

soil processes result from the interaction of soil organisms, their resources (e.g. organic materials) 

and habitat (e.g. soil pore size distribution).  However, the array of possible spatial configurations is 

too great, the range of relevant scales too broad and the diversity of responses to the patterns in 

space and time too large to allow easy modelling.  Consequently at the scale of farming systems, 

the scientists’ understanding of impacts of management on soil health is incomplete and, where it 

does exist, fairly sketchy. But there is increasing evidence that increased OM inputs (diversity) and 

reduced tillage act together to promote increased biological activity.  There is some indication that 

resilience to extreme events may be increased as a result (Stockdale and Watson 2012). More 

recent studies are now showing statistically significant correlations between increases in soil health 

and increased crop yield (Liu et al 2017, Zhao et al., 2017), cover crops and crop yield (Alvarez et 

al., 2017) 

 

Improvement in soil management also requires improved communication of the impacts of crop and 

soil management measures in combination on soil function and health.  Griffiths et al. (2015) showed 

that the relative importance of site, soil and management options varies in each location and 

consequently noted that site-specific guidance is needed to maintain soil health. Although there is 

much more still to discover and new experiments needed to fully elucidate the relationships between 

soil biology, soil health and crop health/ productivity, there is nonetheless detailed knowledge 
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available on the effects of management options on soil biology and health for the main soil/ climate/ 

crop scenarios relevant to the UK.  Expert knowledge is also able to take the general principles 

emerging from research and apply them to un-studied scenarios to predict the likely impacts; this 

can be captured to inform knowledge exchange through descriptive modelling.  

 

A summary of background information about soil health and together with some of the more detailed 

findings of the literature review were presented to a technical workshop (for researchers and 

agronomists held in Cambridge in October 2017) and two industry workshops (for farmers, growers, 

agronomists held in Northumberland and Gloucestershire in November 2017).  Over 60% of the 

attendees at the consultation workshops were not fully satisfied with the information they currently 

access on soils and their management and all felt that the materials arising from the literature review 

(i.e. Table 1) provided a good basis for the development of introductory materials on soil health for 

farmers and growers.  As part of Project 10, the Programme will therefore draw from feedback on 

the most appropriate KE mechanisms to develop a suite of KE outputs from the information brought 

together in the literature review. 

 

The workshops also reviewed the early version of the visual tool. Feedback provided support for the 

general approach and gave many suggestions on ways to improve the utility of the visual tool.  This 

detailed feedback is reported separately (Project 8) and the further development of the underpinning 

descriptive model and associated visual tool will continue through the rest of the programme. The 

descriptive model will be evaluated and further updated as needed using the results of the 

assessments made in WP2 and Project 9 and farmer feedback will be used to refine the visual tool 

as part of work in Project 10. There will also be on-going ‘sense checking’ of the visual tool 

throughout the lifetime of the partnership.  
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7.2. Appendix 2. Table to show how the soil health indicators are affected by management options and farm attributes 

Table to show how the soil health indicators (biological, chemical, physical and yield) are affected: firstly by management options of reduced tillage, a carbon-rich 

organic matter addition (Hi C OM), a nitrogen-rich organic matter addition (Hi N OM) or a cover crop; then how the soil health indicators are moderated by individual 

farm attributes of soil type (sand, medium and clay), climate (cold and wet, cold and dry, warm and wet, warm and dry) and cropping system (a combinable arable 

system with no root crops, a combinable arable system with root crops or predominantly grass); and finally how the soil health indicators would be moderated by 

combinations of the farm attributes. 
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Management option (direction of effect) 

                 

reduced tillage + + + + + + - - - + = = = = = + - = - + + - 

Hi C OM + + + + = + = = = + = = + = + - = - + + + + 

Hi N OM = + = + = + = = = + = + = = = - = - = = = + 

cover crop + + + + + + = + = + + = = = = + = = = = = = 
                       

Management option (numerical effect) 
                 

reduced tillage 1 1 1 1 1 1 -1 -1 -1 1 0 0 0 0 0 1 -1 0 -1 1 1 -1 

Hi C OM 1 1 1 1 0 1 0 0 0 1 0 0 1 0 1 -1 0 -1 1 1 1 1 

Hi N OM 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 -1 0 -1 0 0 0 1 

cover crop 1 1 1 1 1 1 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 
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Moderating effect of farm attributes - from Table 2 
                 

sand (s) -1 -1 1 0 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 1 1 -1 -1 

medium (m) 0 0 1 0 0 1 -1 -1 -1 0 0 0 0 0 0 -1 0 0 0 0 1 0 

clay (c) 1 1 0 0 0 0 0 -1 -1 1 1 0 1 0 1 0 0 1 0 -1 1 1 
                       

cold/wet (cw) 0 0 0 0 0 0 0 -1 -1 1 1 0 0 0 0 0 0 0 0 -1 0 0 

cold/dry (cd) -1 -1 0 -1 -1 -1 -1 -1 -1 1 0 0 0 0 0 -1 0 0 0 0 0 -1 

warm/wet (ww) 1 1 1 1 1 1 1 -1 1 1 0 0 0 0 0 1 0 0 0 -1 0 1 

warm/dry (wd) -1 -1 1 -1 -1 -1 0 -1 1 -1 -1 0 0 0 0 -1 0 0 0 1 0 0 
                       

arable-combinable (ac) 0 0 0 0 0 0 0 0 0 -1 -1 0 0 0 0 0 0 0 0 0 0 0 

arable-roots (ar) -1 0 0 -1 -1 -1 0 0 0 -1 -1 0 0 0 0 1 0 0 0 0 0 0 

grass (gr) 1 1 1 1 1 1 0 -1 0 1 0 0 0 0 0 -1 -1 0 1 1 1 0 
                       

Moderating effects of combinations of farm attributes 
                

s cw ac -1 -1 1 0 0 0 -1 -2 -2 -1 -1 -1 -1 -1 -1 0 0 -1 1 0 -1 -1 

s cw ar -2 -1 1 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -1 -1 1 0 -1 1 0 -1 -1 

s cw gr 0 0 2 1 1 1 -1 -3 -2 1 0 -1 -1 -1 -1 -1 -1 -1 2 1 0 -1 

s cd ac   -2 -2 1 -1 -1 -1 -2 -2 -2 -1 -2 -1 -1 -1 -1 -1 0 -1 1 1 -1 -2 

s cd ar -3 -2 1 -2 -2 -2 -2 -2 -2 -1 -2 -1 -1 -1 -1 0 0 -1 1 1 -1 -2 

s cd gr -1 -1 2 0 0 0 -2 -3 -2 1 -1 -1 -1 -1 -1 -2 -1 -1 2 2 0 -2 

s ww ac 0 0 2 1 1 1 0 -2 0 -1 -2 -1 -1 -1 -1 1 0 -1 1 0 -1 0 

s ww ar -1 0 2 0 0 0 0 -2 0 -1 -2 -1 -1 -1 -1 2 0 -1 1 0 -1 0 

s ww gr 1 1 3 2 2 2 0 -3 0 1 -1 -1 -1 -1 -1 0 -1 -1 2 1 0 0 

s wd ac -2 -2 2 -1 -1 -1 -1 -2 0 -3 -3 -1 -1 -1 -1 -1 0 -1 1 2 -1 -1 

s wd ar -3 -2 2 -2 -2 -2 -1 -2 0 -3 -3 -1 -1 -1 -1 0 0 -1 1 2 -1 -1 

s wd gr -1 -1 3 0 0 0 -1 -3 0 -1 -2 -1 -1 -1 -1 -2 -1 -1 2 3 0 -1 
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m cw ac 0 0 1 0 0 1 -1 -2 -2 0 0 0 0 0 0 -1 0 0 0 -1 1 0 

m cw ar -1 0 1 -1 -1 0 -1 -2 -2 0 0 0 0 0 0 0 0 0 0 -1 1 0 

m cw gr 1 1 2 1 1 2 -1 -3 -2 2 1 0 0 0 0 -2 -1 0 1 0 2 0 

m cd ac -1 -1 1 -1 -1 0 -2 -2 -2 0 -1 0 0 0 0 -2 0 0 0 0 1 -1 

m cd ar -2 -1 1 -2 -2 -1 -2 -2 -2 0 -1 0 0 0 0 -1 0 0 0 0 1 -1 

m cd gr 0 0 2 0 0 1 -2 -3 -2 2 0 0 0 0 0 -3 -1 0 1 1 2 -1 

m ww ac 1 1 2 1 1 2 0 -2 0 0 -1 0 0 0 0 0 0 0 0 -1 1 1 

m ww ar 0 1 2 0 0 1 0 -2 0 0 -1 0 0 0 0 1 0 0 0 -1 1 1 

m ww gr 2 2 3 2 2 3 0 -3 0 2 0 0 0 0 0 -1 -1 0 1 0 2 1 

m wd ac -1 -1 2 -1 -1 0 -1 -2 0 -2 -2 0 0 0 0 -2 0 0 0 1 1 0 

m wd ar -2 -1 2 -2 -2 -1 -1 -2 0 -2 -2 0 0 0 0 -1 0 0 0 1 1 0 

m wd gr 0 0 3 0 0 1 -1 -3 0 0 -1 0 0 0 0 -3 -1 0 1 2 2 0 

c cw ac 1 1 0 0 0 0 0 -2 -2 1 1 0 1 0 1 0 0 1 0 -2 1 1 

c cw ar 0 1 0 -1 -1 -1 0 -2 -2 1 1 0 1 0 1 1 0 1 0 -2 1 1 

c cw gr 2 2 1 1 1 1 0 -3 -2 3 2 0 1 0 1 -1 -1 1 1 -1 2 1 

c cd ac 0 0 0 -1 -1 -1 -1 -2 -2 1 0 0 1 0 1 -1 0 1 0 -1 1 0 

c cd ar -1 0 0 -2 -2 -2 -1 -2 -2 1 0 0 1 0 1 0 0 1 0 -1 1 0 

c cd gr 1 1 1 0 0 0 -1 -3 -2 3 1 0 1 0 1 -2 -1 1 1 0 2 0 

c ww ac 2 2 1 1 1 1 1 -2 0 1 0 0 1 0 1 1 0 1 0 -2 1 2 

c ww ar 1 2 1 0 0 0 1 -2 0 1 0 0 1 0 1 2 0 1 0 -2 1 2 

c ww gr 3 3 2 2 2 2 1 -3 0 3 1 0 1 0 1 0 -1 1 1 -1 2 2 

cwd ac 0 0 1 -1 -1 -1 0 -2 0 -1 -1 0 1 0 1 -1 0 1 0 0 1 1 

c wd ar -1 0 1 -2 -2 -2 0 -2 0 -1 -1 0 1 0 1 0 0 1 0 0 1 1 

c wd gr 1 1 2 0 0 0 0 -3 0 1 0 0 1 0 1 -2 -1 1 1 1 2 1 
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7.3. Appendix 3. Tables showing how the soil health indicators would be modified by combinations of the farm attributes 

and the numerical range of those modifiers  

Table showing firstly: how the soil health indicators that are reported in the calculator would be moderated by combinations of the farm attributes and the numerical 

range of those modifiers. For the calculator: (1) earthworms, microbial biomass, soil enzyme and microbial activity; natural enemies, mycorrhiza and soil biota have 

been combined into the category ‘positive biology’; (2) nutrient loss (i.e. nitrogenous leaching, run-off, gaseous emissions) and nutrient availability (degree of 

nitrogen immobilisation) are combined as ‘nutrient use’; The numerical values are then normalised to account for the different ranges obtained; finally the effects of 

various management options (no-tillage, carbon-rich organic matter, nitrogen-rich organic matter, cover crop and reduced tillage (75% of the effect of no-tillage, 

Peigné et al., 2007) on soil health indicators depending on the combination of farm attributes are presented. 

 

Moderating effects of combinations of farm attributes - for the indicators to be reported in the calculator 
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s cw ac -1 -1 -2 -2 -1 -1 -1 -1 -1 -1 0 1 0 -1 -1 

s cw ar -5 -1 -2 -2 -1 -1 -1 -1 -1 0 0 1 0 -1 -1 

s cw gr 5 -1 -3 -2 1 0 -1 -1 -1 -2 -1 2 1 0 -1 

s cd ac   -6 -2 -2 -2 -1 -2 -1 -1 -1 -2 0 1 1 -1 -2 

s cd ar -10 -2 -2 -2 -1 -2 -1 -1 -1 -1 0 1 1 -1 -2 

s cd gr 0 -2 -3 -2 1 -1 -1 -1 -1 -3 -1 2 2 0 -2 

s ww ac 5 0 -2 0 -1 -2 -1 -1 -1 0 0 1 0 -1 0 

s ww ar 1 0 -2 0 -1 -2 -1 -1 -1 1 0 1 0 -1 0 

s ww gr 11 0 -3 0 1 -1 -1 -1 -1 -1 -1 2 1 0 0 

s wd ac -5 -1 -2 0 -3 -3 -1 -1 -1 -2 0 1 2 -1 -1 

s wd ar -9 -1 -2 0 -3 -3 -1 -1 -1 -1 0 1 2 -1 -1 

s wd gr 1 -1 -3 0 -1 -2 -1 -1 -1 -3 -1 2 3 0 -1 
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m cw ac 2 -1 -2 -2 0 0 0 0 0 -1 0 0 -1 1 0 

m cw ar -2 -1 -2 -2 0 0 0 0 0 0 0 0 -1 1 0 

m cw gr 8 -1 -3 -2 2 1 0 0 0 -2 -1 1 0 2 0 

m cd ac -3 -2 -2 -2 0 -1 0 0 0 -2 0 0 0 1 -1 

m cd ar -7 -2 -2 -2 0 -1 0 0 0 -1 0 0 0 1 -1 

m cd gr 3 -2 -3 -2 2 0 0 0 0 -3 -1 1 1 2 -1 

m ww ac 8 0 -2 0 0 -1 0 0 0 0 0 0 -1 1 1 

m ww ar 4 0 -2 0 0 -1 0 0 0 1 0 0 -1 1 1 

m ww gr 14 0 -3 0 2 0 0 0 0 -1 -1 1 0 2 1 

m wd ac -2 -1 -2 0 -2 -2 0 0 0 -2 0 0 1 1 0 

m wd ar -6 -1 -2 0 -2 -2 0 0 0 -1 0 0 1 1 0 

m wd gr 4 -1 -3 0 0 -1 0 0 0 -3 -1 1 2 2 0 

c cw ac 2 0 -2 -2 1 1 0 1 1 1 0 0 -2 1 1 

c cw ar -2 0 -2 -2 1 1 0 1 1 2 0 0 -2 1 1 

c cw gr 8 0 -3 -2 3 2 0 1 1 0 -1 1 -1 2 1 

c cd ac -3 -1 -2 -2 1 0 0 1 1 0 0 0 -1 1 0 

c cd ar -7 -1 -2 -2 1 0 0 1 1 1 0 0 -1 1 0 

c cd gr 3 -1 -3 -2 3 1 0 1 1 -1 -1 1 0 2 0 

c ww ac 8 1 -2 0 1 0 0 1 1 2 0 0 -2 1 2 

c ww ar 4 1 -2 0 1 0 0 1 1 3 0 0 -2 1 2 

c ww gr 14 1 -3 0 3 1 0 1 1 1 -1 1 -1 2 2 

cwd ac -2 0 -2 0 -1 -1 0 1 1 0 0 0 0 1 1 

c wd ar -6 0 -2 0 -1 -1 0 1 1 1 0 0 0 1 1 

c wd gr 4 0 -3 0 1 0 0 1 1 -1 -1 1 1 2 1 
                

Range 18 to -
18 

3 to 
-3 

3 to -3 3 to -
3 

3 to -
3 

3 to -
3 

3 to -
3 

3 to -3 3 to -
3 

6 to -
6 

3 to -
3 

3 to -
3 

3 to -
3 

3 to -
3 

3 to -
3 
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Numerical modifier to normalise for the range of combined attributes 
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s cw ac -0.02 -0.10 -0.20 -0.20 -0.10 -0.10 -0.10 -0.10 -0.10 -0.05 0.00 0.10 0.00 -0.10 -0.10 

s cw ar -0.08 -0.10 -0.20 -0.20 -0.10 -0.10 -0.10 -0.10 -0.10 0.00 0.00 0.10 0.00 -0.10 -0.10 

s cw gr 0.08 -0.10 -0.30 -0.20 0.10 0.00 -0.10 -0.10 -0.10 -0.10 -0.10 0.20 0.10 0.00 -0.10 

s cd ac   -0.10 -0.20 -0.20 -0.20 -0.10 -0.20 -0.10 -0.10 -0.10 -0.10 0.00 0.10 0.10 -0.10 -0.20 

s cd ar -0.17 -0.20 -0.20 -0.20 -0.10 -0.20 -0.10 -0.10 -0.10 -0.05 0.00 0.10 0.10 -0.10 -0.20 

s cd gr 0.00 -0.20 -0.30 -0.20 0.10 -0.10 -0.10 -0.10 -0.10 -0.15 -0.10 0.20 0.20 0.00 -0.20 

s ww ac 0.08 0.00 -0.20 0.00 -0.10 -0.20 -0.10 -0.10 -0.10 0.00 0.00 0.10 0.00 -0.10 0.00 

s ww ar 0.02 0.00 -0.20 0.00 -0.10 -0.20 -0.10 -0.10 -0.10 0.05 0.00 0.10 0.00 -0.10 0.00 

s ww gr 0.18 0.00 -0.30 0.00 0.10 -0.10 -0.10 -0.10 -0.10 -0.05 -0.10 0.20 0.10 0.00 0.00 

s wd ac -0.08 -0.10 -0.20 0.00 -0.30 -0.30 -0.10 -0.10 -0.10 -0.10 0.00 0.10 0.20 -0.10 -0.10 

s wd ar -0.15 -0.10 -0.20 0.00 -0.30 -0.30 -0.10 -0.10 -0.10 -0.05 0.00 0.10 0.20 -0.10 -0.10 

s wd gr 0.02 -0.10 -0.30 0.00 -0.10 -0.20 -0.10 -0.10 -0.10 -0.15 -0.10 0.20 0.30 0.00 -0.10 

m cw ac 0.03 -0.10 -0.20 -0.20 0.00 0.00 0.00 0.00 0.00 -0.05 0.00 0.00 -0.10 0.10 0.00 

m cw ar -0.03 -0.10 -0.20 -0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.10 0.10 0.00 

m cw gr 0.13 -0.10 -0.30 -0.20 0.20 0.10 0.00 0.00 0.00 -0.10 -0.10 0.10 0.00 0.20 0.00 

m cd ac -0.05 -0.20 -0.20 -0.20 0.00 -0.10 0.00 0.00 0.00 -0.10 0.00 0.00 0.00 0.10 -0.10 

m cd ar -0.12 -0.20 -0.20 -0.20 0.00 -0.10 0.00 0.00 0.00 -0.05 0.00 0.00 0.00 0.10 -0.10 

m cd gr 0.05 -0.20 -0.30 -0.20 0.20 0.00 0.00 0.00 0.00 -0.15 -0.10 0.10 0.10 0.20 -0.10 

m ww ac 0.13 0.00 -0.20 0.00 0.00 -0.10 0.00 0.00 0.00 0.00 0.00 0.00 -0.10 0.10 0.10 

m ww ar 0.07 0.00 -0.20 0.00 0.00 -0.10 0.00 0.00 0.00 0.05 0.00 0.00 -0.10 0.10 0.10 

m ww gr 0.23 0.00 -0.30 0.00 0.20 0.00 0.00 0.00 0.00 -0.05 -0.10 0.10 0.00 0.20 0.10 

m wd ac -0.03 -0.10 -0.20 0.00 -0.20 -0.20 0.00 0.00 0.00 -0.10 0.00 0.00 0.10 0.10 0.00 

m wd ar -0.10 -0.10 -0.20 0.00 -0.20 -0.20 0.00 0.00 0.00 -0.05 0.00 0.00 0.10 0.10 0.00 

m wd gr 0.07 -0.10 -0.30 0.00 0.00 -0.10 0.00 0.00 0.00 -0.15 -0.10 0.10 0.20 0.20 0.00 

c cw ac 0.03 0.00 -0.20 -0.20 0.10 0.10 0.00 0.10 0.10 0.05 0.00 0.00 -0.20 0.10 0.10 



34 

c cw ar -0.03 0.00 -0.20 -0.20 0.10 0.10 0.00 0.10 0.10 0.10 0.00 0.00 -0.20 0.10 0.10 

c cw gr 0.13 0.00 -0.30 -0.20 0.30 0.20 0.00 0.10 0.10 0.00 -0.10 0.10 -0.10 0.20 0.10 

c cd ac -0.05 -0.10 -0.20 -0.20 0.10 0.00 0.00 0.10 0.10 0.00 0.00 0.00 -0.10 0.10 0.00 

c cd ar -0.12 -0.10 -0.20 -0.20 0.10 0.00 0.00 0.10 0.10 0.05 0.00 0.00 -0.10 0.10 0.00 

c cd gr 0.05 -0.10 -0.30 -0.20 0.30 0.10 0.00 0.10 0.10 -0.05 -0.10 0.10 0.00 0.20 0.00 

c ww ac 0.13 0.10 -0.20 0.00 0.10 0.00 0.00 0.10 0.10 0.10 0.00 0.00 -0.20 0.10 0.20 

c ww ar 0.07 0.10 -0.20 0.00 0.10 0.00 0.00 0.10 0.10 0.15 0.00 0.00 -0.20 0.10 0.20 

c ww gr 0.23 0.10 -0.30 0.00 0.30 0.10 0.00 0.10 0.10 0.05 -0.10 0.10 -0.10 0.20 0.20 

cwd ac -0.03 0.00 -0.20 0.00 -0.10 -0.10 0.00 0.10 0.10 0.00 0.00 0.00 0.00 0.10 0.10 

c wd ar -0.10 0.00 -0.20 0.00 -0.10 -0.10 0.00 0.10 0.10 0.05 0.00 0.00 0.00 0.10 0.10 

c wd gr 0.07 0.00 -0.30 0.00 0.10 0.00 0.00 0.10 0.10 -0.05 -0.10 0.10 0.10 0.20 0.10 
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Effect of management option according to farm attributes 
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s cw ac 0.98 -1.10 -1.20 -1.20 0.90 -0.10 -0.10 -0.10 -0.10 0.45 -1.00 -0.90 1.00 0.90 -1.10 

s cw ar 0.92 -1.10 -1.20 -1.20 0.90 -0.10 -0.10 -0.10 -0.10 0.50 -1.00 -0.90 1.00 0.90 -1.10 

s cw gr 1.08 -1.10 -1.30 -1.20 1.10 0.00 -0.10 -0.10 -0.10 0.40 -1.10 -0.80 1.10 1.00 -1.10 

s cd ac   0.90 -1.20 -1.20 -1.20 0.90 -0.20 -0.10 -0.10 -0.10 0.40 -1.00 -0.90 1.10 0.90 -1.20 

s cd ar 0.83 -1.20 -1.20 -1.20 0.90 -0.20 -0.10 -0.10 -0.10 0.45 -1.00 -0.90 1.10 0.90 -1.20 

s cd gr 1.00 -1.20 -1.30 -1.20 1.10 -0.10 -0.10 -0.10 -0.10 0.35 -1.10 -0.80 1.20 1.00 -1.20 

s ww ac 1.08 -1.00 -1.20 -1.00 0.90 -0.20 -0.10 -0.10 -0.10 0.50 -1.00 -0.90 1.00 0.90 -1.00 

s ww ar 1.02 -1.00 -1.20 -1.00 0.90 -0.20 -0.10 -0.10 -0.10 0.55 -1.00 -0.90 1.00 0.90 -1.00 

s ww gr 1.18 -1.00 -1.30 -1.00 1.10 -0.10 -0.10 -0.10 -0.10 0.45 -1.10 -0.80 1.10 1.00 -1.00 

s wd ac 0.92 -1.10 -1.20 -1.00 0.70 -0.30 -0.10 -0.10 -0.10 0.40 -1.00 -0.90 1.20 0.90 -1.10 

s wd ar 0.85 -1.10 -1.20 -1.00 0.70 -0.30 -0.10 -0.10 -0.10 0.45 -1.00 -0.90 1.20 0.90 -1.10 

s wd gr 1.02 -1.10 -1.30 -1.00 0.90 -0.20 -0.10 -0.10 -0.10 0.35 -1.10 -0.80 1.30 1.00 -1.10 

m cw ac 1.03 -1.10 -1.20 -1.20 1.00 0.00 0.00 0.00 0.00 0.45 -1.00 -1.00 0.90 1.10 -1.00 

m cw ar 0.97 -1.10 -1.20 -1.20 1.00 0.00 0.00 0.00 0.00 0.50 -1.00 -1.00 0.90 1.10 -1.00 

m cw gr 1.13 -1.10 -1.30 -1.20 1.20 0.10 0.00 0.00 0.00 0.40 -1.10 -0.90 1.00 1.20 -1.00 

m cd ac 0.95 -1.20 -1.20 -1.20 1.00 -0.10 0.00 0.00 0.00 0.40 -1.00 -1.00 1.00 1.10 -1.10 

m cd ar 0.88 -1.20 -1.20 -1.20 1.00 -0.10 0.00 0.00 0.00 0.45 -1.00 -1.00 1.00 1.10 -1.10 

m cd gr 1.05 -1.20 -1.30 -1.20 1.20 0.00 0.00 0.00 0.00 0.35 -1.10 -0.90 1.10 1.20 -1.10 

m ww ac 1.13 -1.00 -1.20 -1.00 1.00 -0.10 0.00 0.00 0.00 0.50 -1.00 -1.00 0.90 1.10 -0.90 

m ww ar 1.07 -1.00 -1.20 -1.00 1.00 -0.10 0.00 0.00 0.00 0.55 -1.00 -1.00 0.90 1.10 -0.90 

m ww gr 1.23 -1.00 -1.30 -1.00 1.20 0.00 0.00 0.00 0.00 0.45 -1.10 -0.90 1.00 1.20 -0.90 

m wd ac 0.97 -1.10 -1.20 -1.00 0.80 -0.20 0.00 0.00 0.00 0.40 -1.00 -1.00 1.10 1.10 -1.00 

m wd ar 0.90 -1.10 -1.20 -1.00 0.80 -0.20 0.00 0.00 0.00 0.45 -1.00 -1.00 1.10 1.10 -1.00 

m wd gr 1.07 -1.10 -1.30 -1.00 1.00 -0.10 0.00 0.00 0.00 0.35 -1.10 -0.90 1.20 1.20 -1.00 
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c cw ac 1.03 -1.00 -1.20 -1.20 1.10 0.10 0.00 0.10 0.10 0.55 -1.00 -1.00 0.80 1.10 -0.90 

c cw ar 0.97 -1.00 -1.20 -1.20 1.10 0.10 0.00 0.10 0.10 0.60 -1.00 -1.00 0.80 1.10 -0.90 

c cw gr 1.13 -1.00 -1.30 -1.20 1.30 0.20 0.00 0.10 0.10 0.50 -1.10 -0.90 0.90 1.20 -0.90 

c cd ac 0.95 -1.10 -1.20 -1.20 1.10 0.00 0.00 0.10 0.10 0.50 -1.00 -1.00 0.90 1.10 -1.00 

c cd ar 0.88 -1.10 -1.20 -1.20 1.10 0.00 0.00 0.10 0.10 0.55 -1.00 -1.00 0.90 1.10 -1.00 

c cd gr 1.05 -1.10 -1.30 -1.20 1.30 0.10 0.00 0.10 0.10 0.45 -1.10 -0.90 1.00 1.20 -1.00 

c ww ac 1.13 -0.90 -1.20 -1.00 1.10 0.00 0.00 0.10 0.10 0.60 -1.00 -1.00 0.80 1.10 -0.80 

c ww ar 1.07 -0.90 -1.20 -1.00 1.10 0.00 0.00 0.10 0.10 0.65 -1.00 -1.00 0.80 1.10 -0.80 

c ww gr 1.23 -0.90 -1.30 -1.00 1.30 0.10 0.00 0.10 0.10 0.55 -1.10 -0.90 0.90 1.20 -0.80 

cwd ac 0.97 -1.00 -1.20 -1.00 0.90 -0.10 0.00 0.10 0.10 0.50 -1.00 -1.00 1.00 1.10 -0.90 

c wd ar 0.90 -1.00 -1.20 -1.00 0.90 -0.10 0.00 0.10 0.10 0.55 -1.00 -1.00 1.00 1.10 -0.90 

c wd gr 1.07 -1.00 -1.30 -1.00 1.10 0.00 0.00 0.10 0.10 0.45 -1.10 -0.90 1.10 1.20 -0.90 
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s cw ac 0.82 -0.10 -0.20 -0.20 0.90 -0.10 -0.10 0.90 0.90 -1.05 0.00 1.10 1.00 0.90 0.90 

s cw ar 0.75 -0.10 -0.20 -0.20 0.90 -0.10 -0.10 0.90 0.90 -1.00 0.00 1.10 1.00 0.90 0.90 

s cw gr 0.92 -0.10 -0.30 -0.20 1.10 0.00 -0.10 0.90 0.90 -1.10 -0.10 1.20 1.10 1.00 0.90 

s cd ac   0.73 -0.20 -0.20 -0.20 0.90 -0.20 -0.10 0.90 0.90 -1.10 0.00 1.10 1.10 0.90 0.80 

s cd ar 0.67 -0.20 -0.20 -0.20 0.90 -0.20 -0.10 0.90 0.90 -1.05 0.00 1.10 1.10 0.90 0.80 

s cd gr 0.83 -0.20 -0.30 -0.20 1.10 -0.10 -0.10 0.90 0.90 -1.15 -0.10 1.20 1.20 1.00 0.80 

s ww ac 0.92 0.00 -0.20 0.00 0.90 -0.20 -0.10 0.90 0.90 -1.00 0.00 1.10 1.00 0.90 1.00 

s ww ar 0.85 0.00 -0.20 0.00 0.90 -0.20 -0.10 0.90 0.90 -0.95 0.00 1.10 1.00 0.90 1.00 

s ww gr 1.02 0.00 -0.30 0.00 1.10 -0.10 -0.10 0.90 0.90 -1.05 -0.10 1.20 1.10 1.00 1.00 

s wd ac 0.75 -0.10 -0.20 0.00 0.70 -0.30 -0.10 0.90 0.90 -1.10 0.00 1.10 1.20 0.90 0.90 

s wd ar 0.68 -0.10 -0.20 0.00 0.70 -0.30 -0.10 0.90 0.90 -1.05 0.00 1.10 1.20 0.90 0.90 

s wd gr 0.85 -0.10 -0.30 0.00 0.90 -0.20 -0.10 0.90 0.90 -1.15 -0.10 1.20 1.30 1.00 0.90 

m cw ac 0.87 -0.10 -0.20 -0.20 1.00 0.00 0.00 1.00 1.00 -1.05 0.00 1.00 0.90 1.10 1.00 

m cw ar 0.80 -0.10 -0.20 -0.20 1.00 0.00 0.00 1.00 1.00 -1.00 0.00 1.00 0.90 1.10 1.00 

m cw gr 0.97 -0.10 -0.30 -0.20 1.20 0.10 0.00 1.00 1.00 -1.10 -0.10 1.10 1.00 1.20 1.00 

m cd ac 0.78 -0.20 -0.20 -0.20 1.00 -0.10 0.00 1.00 1.00 -1.10 0.00 1.00 1.00 1.10 0.90 

m cd ar 0.72 -0.20 -0.20 -0.20 1.00 -0.10 0.00 1.00 1.00 -1.05 0.00 1.00 1.00 1.10 0.90 

m cd gr 0.88 -0.20 -0.30 -0.20 1.20 0.00 0.00 1.00 1.00 -1.15 -0.10 1.10 1.10 1.20 0.90 

m ww ac 0.97 0.00 -0.20 0.00 1.00 -0.10 0.00 1.00 1.00 -1.00 0.00 1.00 0.90 1.10 1.10 

m ww ar 0.90 0.00 -0.20 0.00 1.00 -0.10 0.00 1.00 1.00 -0.95 0.00 1.00 0.90 1.10 1.10 

m ww gr 1.07 0.00 -0.30 0.00 1.20 0.00 0.00 1.00 1.00 -1.05 -0.10 1.10 1.00 1.20 1.10 

m wd ac 0.80 -0.10 -0.20 0.00 0.80 -0.20 0.00 1.00 1.00 -1.10 0.00 1.00 1.10 1.10 1.00 

m wd ar 0.73 -0.10 -0.20 0.00 0.80 -0.20 0.00 1.00 1.00 -1.05 0.00 1.00 1.10 1.10 1.00 

m wd gr 0.90 -0.10 -0.30 0.00 1.00 -0.10 0.00 1.00 1.00 -1.15 -0.10 1.10 1.20 1.20 1.00 

c cw ac 0.87 0.00 -0.20 -0.20 1.10 0.10 0.00 1.10 1.10 -0.95 0.00 1.00 0.80 1.10 1.10 

c cw ar 0.80 0.00 -0.20 -0.20 1.10 0.10 0.00 1.10 1.10 -0.90 0.00 1.00 0.80 1.10 1.10 
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c cw gr 0.97 0.00 -0.30 -0.20 1.30 0.20 0.00 1.10 1.10 -1.00 -0.10 1.10 0.90 1.20 1.10 

c cd ac 0.78 -0.10 -0.20 -0.20 1.10 0.00 0.00 1.10 1.10 -1.00 0.00 1.00 0.90 1.10 1.00 

c cd ar 0.72 -0.10 -0.20 -0.20 1.10 0.00 0.00 1.10 1.10 -0.95 0.00 1.00 0.90 1.10 1.00 

c cd gr 0.88 -0.10 -0.30 -0.20 1.30 0.10 0.00 1.10 1.10 -1.05 -0.10 1.10 1.00 1.20 1.00 

c ww ac 0.97 0.10 -0.20 0.00 1.10 0.00 0.00 1.10 1.10 -0.90 0.00 1.00 0.80 1.10 1.20 

c ww ar 0.90 0.10 -0.20 0.00 1.10 0.00 0.00 1.10 1.10 -0.85 0.00 1.00 0.80 1.10 1.20 

c ww gr 1.07 0.10 -0.30 0.00 1.30 0.10 0.00 1.10 1.10 -0.95 -0.10 1.10 0.90 1.20 1.20 

cwd ac 0.80 0.00 -0.20 0.00 0.90 -0.10 0.00 1.10 1.10 -1.00 0.00 1.00 1.00 1.10 1.10 

c wd ar 0.73 0.00 -0.20 0.00 0.90 -0.10 0.00 1.10 1.10 -0.95 0.00 1.00 1.00 1.10 1.10 

c wd gr 0.90 0.00 -0.30 0.00 1.10 0.00 0.00 1.10 1.10 -1.05 -0.10 1.10 1.10 1.20 1.10 
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s cw ac 0.48 -0.10 -0.20 -0.20 0.90 -0.10 0.90 -0.10 -0.10 -1.05 0.00 0.10 0.00 -0.10 0.90 

s cw ar 0.42 -0.10 -0.20 -0.20 0.90 -0.10 0.90 -0.10 -0.10 -1.00 0.00 0.10 0.00 -0.10 0.90 

s cw gr 0.58 -0.10 -0.30 -0.20 1.10 0.00 0.90 -0.10 -0.10 -1.10 -0.10 0.20 0.10 0.00 0.90 

s cd ac   0.40 -0.20 -0.20 -0.20 0.90 -0.20 0.90 -0.10 -0.10 -1.10 0.00 0.10 0.10 -0.10 0.80 

s cd ar 0.33 -0.20 -0.20 -0.20 0.90 -0.20 0.90 -0.10 -0.10 -1.05 0.00 0.10 0.10 -0.10 0.80 

s cd gr 0.50 -0.20 -0.30 -0.20 1.10 -0.10 0.90 -0.10 -0.10 -1.15 -0.10 0.20 0.20 0.00 0.80 

s ww ac 0.58 0.00 -0.20 0.00 0.90 -0.20 0.90 -0.10 -0.10 -1.00 0.00 0.10 0.00 -0.10 1.00 

s ww ar 0.52 0.00 -0.20 0.00 0.90 -0.20 0.90 -0.10 -0.10 -0.95 0.00 0.10 0.00 -0.10 1.00 

s ww gr 0.68 0.00 -0.30 0.00 1.10 -0.10 0.90 -0.10 -0.10 -1.05 -0.10 0.20 0.10 0.00 1.00 

s wd ac 0.42 -0.10 -0.20 0.00 0.70 -0.30 0.90 -0.10 -0.10 -1.10 0.00 0.10 0.20 -0.10 0.90 

s wd ar 0.35 -0.10 -0.20 0.00 0.70 -0.30 0.90 -0.10 -0.10 -1.05 0.00 0.10 0.20 -0.10 0.90 

s wd gr 0.52 -0.10 -0.30 0.00 0.90 -0.20 0.90 -0.10 -0.10 -1.15 -0.10 0.20 0.30 0.00 0.90 

m cw ac 0.53 -0.10 -0.20 -0.20 1.00 0.00 1.00 0.00 0.00 -1.05 0.00 0.00 -0.10 0.10 1.00 

m cw ar 0.47 -0.10 -0.20 -0.20 1.00 0.00 1.00 0.00 0.00 -1.00 0.00 0.00 -0.10 0.10 1.00 

m cw gr 0.63 -0.10 -0.30 -0.20 1.20 0.10 1.00 0.00 0.00 -1.10 -0.10 0.10 0.00 0.20 1.00 

m cd ac 0.45 -0.20 -0.20 -0.20 1.00 -0.10 1.00 0.00 0.00 -1.10 0.00 0.00 0.00 0.10 0.90 

m cd ar 0.38 -0.20 -0.20 -0.20 1.00 -0.10 1.00 0.00 0.00 -1.05 0.00 0.00 0.00 0.10 0.90 

m cd gr 0.55 -0.20 -0.30 -0.20 1.20 0.00 1.00 0.00 0.00 -1.15 -0.10 0.10 0.10 0.20 0.90 

m ww ac 0.63 0.00 -0.20 0.00 1.00 -0.10 1.00 0.00 0.00 -1.00 0.00 0.00 -0.10 0.10 1.10 

m ww ar 0.57 0.00 -0.20 0.00 1.00 -0.10 1.00 0.00 0.00 -0.95 0.00 0.00 -0.10 0.10 1.10 

m ww gr 0.73 0.00 -0.30 0.00 1.20 0.00 1.00 0.00 0.00 -1.05 -0.10 0.10 0.00 0.20 1.10 

m wd ac 0.47 -0.10 -0.20 0.00 0.80 -0.20 1.00 0.00 0.00 -1.10 0.00 0.00 0.10 0.10 1.00 

m wd ar 0.40 -0.10 -0.20 0.00 0.80 -0.20 1.00 0.00 0.00 -1.05 0.00 0.00 0.10 0.10 1.00 

m wd gr 0.57 -0.10 -0.30 0.00 1.00 -0.10 1.00 0.00 0.00 -1.15 -0.10 0.10 0.20 0.20 1.00 

c cw ac 0.53 0.00 -0.20 -0.20 1.10 0.10 1.00 0.10 0.10 -0.95 0.00 0.00 -0.20 0.10 1.10 
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c cw ar 0.47 0.00 -0.20 -0.20 1.10 0.10 1.00 0.10 0.10 -0.90 0.00 0.00 -0.20 0.10 1.10 

c cw gr 0.63 0.00 -0.30 -0.20 1.30 0.20 1.00 0.10 0.10 -1.00 -0.10 0.10 -0.10 0.20 1.10 

c cd ac 0.45 -0.10 -0.20 -0.20 1.10 0.00 1.00 0.10 0.10 -1.00 0.00 0.00 -0.10 0.10 1.00 

c cd ar 0.38 -0.10 -0.20 -0.20 1.10 0.00 1.00 0.10 0.10 -0.95 0.00 0.00 -0.10 0.10 1.00 

c cd gr 0.55 -0.10 -0.30 -0.20 1.30 0.10 1.00 0.10 0.10 -1.05 -0.10 0.10 0.00 0.20 1.00 

c ww ac 0.63 0.10 -0.20 0.00 1.10 0.00 1.00 0.10 0.10 -0.90 0.00 0.00 -0.20 0.10 1.20 

c ww ar 0.57 0.10 -0.20 0.00 1.10 0.00 1.00 0.10 0.10 -0.85 0.00 0.00 -0.20 0.10 1.20 

c ww gr 0.73 0.10 -0.30 0.00 1.30 0.10 1.00 0.10 0.10 -0.95 -0.10 0.10 -0.10 0.20 1.20 

cwd ac 0.47 0.00 -0.20 0.00 0.90 -0.10 1.00 0.10 0.10 -1.00 0.00 0.00 0.00 0.10 1.10 

c wd ar 0.40 0.00 -0.20 0.00 0.90 -0.10 1.00 0.10 0.10 -0.95 0.00 0.00 0.00 0.10 1.10 

c wd gr 0.57 0.00 -0.30 0.00 1.10 0.00 1.00 0.10 0.10 -1.05 -0.10 0.10 0.10 0.20 1.10 
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s cw ac 0.98 -0.10 0.80 -0.20 0.90 0.90 -0.10 -0.10 -0.10 0.45 0.00 0.10 0.00 -0.10 -0.10 

s cw ar 0.92 -0.10 0.80 -0.20 0.90 0.90 -0.10 -0.10 -0.10 0.50 0.00 0.10 0.00 -0.10 -0.10 

s cw gr 1.08 -0.10 0.70 -0.20 1.10 1.00 -0.10 -0.10 -0.10 0.40 -0.10 0.20 0.10 0.00 -0.10 

s cd ac   0.90 -0.20 0.80 -0.20 0.90 0.80 -0.10 -0.10 -0.10 0.40 0.00 0.10 0.10 -0.10 -0.20 

s cd ar 0.83 -0.20 0.80 -0.20 0.90 0.80 -0.10 -0.10 -0.10 0.45 0.00 0.10 0.10 -0.10 -0.20 

s cd gr 1.00 -0.20 0.70 -0.20 1.10 0.90 -0.10 -0.10 -0.10 0.35 -0.10 0.20 0.20 0.00 -0.20 

s ww ac 1.08 0.00 0.80 0.00 0.90 0.80 -0.10 -0.10 -0.10 0.50 0.00 0.10 0.00 -0.10 0.00 

s ww ar 1.02 0.00 0.80 0.00 0.90 0.80 -0.10 -0.10 -0.10 0.55 0.00 0.10 0.00 -0.10 0.00 

s ww gr 1.18 0.00 0.70 0.00 1.10 0.90 -0.10 -0.10 -0.10 0.45 -0.10 0.20 0.10 0.00 0.00 

s wd ac 0.92 -0.10 0.80 0.00 0.70 0.70 -0.10 -0.10 -0.10 0.40 0.00 0.10 0.20 -0.10 -0.10 

s wd ar 0.85 -0.10 0.80 0.00 0.70 0.70 -0.10 -0.10 -0.10 0.45 0.00 0.10 0.20 -0.10 -0.10 

s wd gr 1.02 -0.10 0.70 0.00 0.90 0.80 -0.10 -0.10 -0.10 0.35 -0.10 0.20 0.30 0.00 -0.10 

m cw ac 1.03 -0.10 0.80 -0.20 1.00 1.00 0.00 0.00 0.00 0.45 0.00 0.00 -0.10 0.10 0.00 

m cw ar 0.97 -0.10 0.80 -0.20 1.00 1.00 0.00 0.00 0.00 0.50 0.00 0.00 -0.10 0.10 0.00 

m cw gr 1.13 -0.10 0.70 -0.20 1.20 1.10 0.00 0.00 0.00 0.40 -0.10 0.10 0.00 0.20 0.00 

m cd ac 0.95 -0.20 0.80 -0.20 1.00 0.90 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.10 -0.10 

m cd ar 0.88 -0.20 0.80 -0.20 1.00 0.90 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.10 -0.10 

m cd gr 1.05 -0.20 0.70 -0.20 1.20 1.00 0.00 0.00 0.00 0.35 -0.10 0.10 0.10 0.20 -0.10 

m ww ac 1.13 0.00 0.80 0.00 1.00 0.90 0.00 0.00 0.00 0.50 0.00 0.00 -0.10 0.10 0.10 

m ww ar 1.07 0.00 0.80 0.00 1.00 0.90 0.00 0.00 0.00 0.55 0.00 0.00 -0.10 0.10 0.10 

m ww gr 1.23 0.00 0.70 0.00 1.20 1.00 0.00 0.00 0.00 0.45 -0.10 0.10 0.00 0.20 0.10 

m wd ac 0.97 -0.10 0.80 0.00 0.80 0.80 0.00 0.00 0.00 0.40 0.00 0.00 0.10 0.10 0.00 

m wd ar 0.90 -0.10 0.80 0.00 0.80 0.80 0.00 0.00 0.00 0.45 0.00 0.00 0.10 0.10 0.00 

m wd gr 1.07 -0.10 0.70 0.00 1.00 0.90 0.00 0.00 0.00 0.35 -0.10 0.10 0.20 0.20 0.00 

c cw ac 1.03 0.00 0.80 -0.20 1.10 1.10 0.00 0.10 0.10 0.55 0.00 0.00 -0.20 0.10 0.10 

c cw ar 0.97 0.00 0.80 -0.20 1.10 1.10 0.00 0.10 0.10 0.60 0.00 0.00 -0.20 0.10 0.10 
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c cw gr 1.13 0.00 0.70 -0.20 1.30 1.20 0.00 0.10 0.10 0.50 -0.10 0.10 -0.10 0.20 0.10 

c cd ac 0.95 -0.10 0.80 -0.20 1.10 1.00 0.00 0.10 0.10 0.50 0.00 0.00 -0.10 0.10 0.00 

c cd ar 0.88 -0.10 0.80 -0.20 1.10 1.00 0.00 0.10 0.10 0.55 0.00 0.00 -0.10 0.10 0.00 

c cd gr 1.05 -0.10 0.70 -0.20 1.30 1.10 0.00 0.10 0.10 0.45 -0.10 0.10 0.00 0.20 0.00 

c ww ac 1.13 0.10 0.80 0.00 1.10 1.00 0.00 0.10 0.10 0.60 0.00 0.00 -0.20 0.10 0.20 

c ww ar 1.07 0.10 0.80 0.00 1.10 1.00 0.00 0.10 0.10 0.65 0.00 0.00 -0.20 0.10 0.20 

c ww gr 1.23 0.10 0.70 0.00 1.30 1.10 0.00 0.10 0.10 0.55 -0.10 0.10 -0.10 0.20 0.20 

cwd ac 0.97 0.00 0.80 0.00 0.90 0.90 0.00 0.10 0.10 0.50 0.00 0.00 0.00 0.10 0.10 

c wd ar 0.90 0.00 0.80 0.00 0.90 0.90 0.00 0.10 0.10 0.55 0.00 0.00 0.00 0.10 0.10 

c wd gr 1.07 0.00 0.70 0.00 1.10 1.00 0.00 0.10 0.10 0.45 -0.10 0.10 0.10 0.20 0.10 
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s cw ac 0.74 -0.83 -0.90 -0.90 0.68 -0.08 -0.08 -0.08 -0.08 0.34 -0.75 -0.68 0.75 0.68 -0.83 

s cw ar 0.69 -0.83 -0.90 -0.90 0.68 -0.08 -0.08 -0.08 -0.08 0.38 -0.75 -0.68 0.75 0.68 -0.83 

s cw gr 0.81 -0.83 -0.98 -0.90 0.83 0.00 -0.08 -0.08 -0.08 0.30 -0.83 -0.60 0.83 0.75 -0.83 

s cd ac   0.68 -0.90 -0.90 -0.90 0.68 -0.15 -0.08 -0.08 -0.08 0.30 -0.75 -0.68 0.83 0.68 -0.90 

s cd ar 0.63 -0.90 -0.90 -0.90 0.68 -0.15 -0.08 -0.08 -0.08 0.34 -0.75 -0.68 0.83 0.68 -0.90 

s cd gr 0.75 -0.90 -0.98 -0.90 0.83 -0.08 -0.08 -0.08 -0.08 0.26 -0.83 -0.60 0.90 0.75 -0.90 

s ww ac 0.81 -0.75 -0.90 -0.75 0.68 -0.15 -0.08 -0.08 -0.08 0.38 -0.75 -0.68 0.75 0.68 -0.75 

s ww ar 0.76 -0.75 -0.90 -0.75 0.68 -0.15 -0.08 -0.08 -0.08 0.41 -0.75 -0.68 0.75 0.68 -0.75 

s ww gr 0.89 -0.75 -0.98 -0.75 0.83 -0.08 -0.08 -0.08 -0.08 0.34 -0.83 -0.60 0.83 0.75 -0.75 

s wd ac 0.69 -0.83 -0.90 -0.75 0.53 -0.23 -0.08 -0.08 -0.08 0.30 -0.75 -0.68 0.90 0.68 -0.83 

s wd ar 0.64 -0.83 -0.90 -0.75 0.53 -0.23 -0.08 -0.08 -0.08 0.34 -0.75 -0.68 0.90 0.68 -0.83 

s wd gr 0.76 -0.83 -0.98 -0.75 0.68 -0.15 -0.08 -0.08 -0.08 0.26 -0.83 -0.60 0.98 0.75 -0.83 

m cw ac 0.78 -0.83 -0.90 -0.90 0.75 0.00 0.00 0.00 0.00 0.34 -0.75 -0.75 0.68 0.83 -0.75 

m cw ar 0.73 -0.83 -0.90 -0.90 0.75 0.00 0.00 0.00 0.00 0.38 -0.75 -0.75 0.68 0.83 -0.75 

m cw gr 0.85 -0.83 -0.98 -0.90 0.90 0.08 0.00 0.00 0.00 0.30 -0.83 -0.68 0.75 0.90 -0.75 

m cd ac 0.71 -0.90 -0.90 -0.90 0.75 -0.08 0.00 0.00 0.00 0.30 -0.75 -0.75 0.75 0.83 -0.83 

m cd ar 0.66 -0.90 -0.90 -0.90 0.75 -0.08 0.00 0.00 0.00 0.34 -0.75 -0.75 0.75 0.83 -0.83 

m cd gr 0.79 -0.90 -0.98 -0.90 0.90 0.00 0.00 0.00 0.00 0.26 -0.83 -0.68 0.83 0.90 -0.83 

m ww ac 0.85 -0.75 -0.90 -0.75 0.75 -0.08 0.00 0.00 0.00 0.38 -0.75 -0.75 0.68 0.83 -0.68 

m ww ar 0.80 -0.75 -0.90 -0.75 0.75 -0.08 0.00 0.00 0.00 0.41 -0.75 -0.75 0.68 0.83 -0.68 

m ww gr 0.93 -0.75 -0.98 -0.75 0.90 0.00 0.00 0.00 0.00 0.34 -0.83 -0.68 0.75 0.90 -0.68 

m wd ac 0.73 -0.83 -0.90 -0.75 0.60 -0.15 0.00 0.00 0.00 0.30 -0.75 -0.75 0.83 0.83 -0.75 

m wd ar 0.68 -0.83 -0.90 -0.75 0.60 -0.15 0.00 0.00 0.00 0.34 -0.75 -0.75 0.83 0.83 -0.75 

m wd gr 0.80 -0.83 -0.98 -0.75 0.75 -0.08 0.00 0.00 0.00 0.26 -0.83 -0.68 0.90 0.90 -0.75 
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c cw ac 0.78 -0.75 -0.90 -0.90 0.83 0.08 0.00 0.08 0.08 0.41 -0.75 -0.75 0.60 0.83 -0.68 

c cw ar 0.73 -0.75 -0.90 -0.90 0.83 0.08 0.00 0.08 0.08 0.45 -0.75 -0.75 0.60 0.83 -0.68 

c cw gr 0.85 -0.75 -0.98 -0.90 0.98 0.15 0.00 0.08 0.08 0.38 -0.83 -0.68 0.68 0.90 -0.68 

c cd ac 0.71 -0.83 -0.90 -0.90 0.83 0.00 0.00 0.08 0.08 0.38 -0.75 -0.75 0.68 0.83 -0.75 

c cd ar 0.66 -0.83 -0.90 -0.90 0.83 0.00 0.00 0.08 0.08 0.41 -0.75 -0.75 0.68 0.83 -0.75 

c cd gr 0.79 -0.83 -0.98 -0.90 0.98 0.08 0.00 0.08 0.08 0.34 -0.83 -0.68 0.75 0.90 -0.75 

c ww ac 0.85 -0.68 -0.90 -0.75 0.83 0.00 0.00 0.08 0.08 0.45 -0.75 -0.75 0.60 0.83 -0.60 

c ww ar 0.80 -0.68 -0.90 -0.75 0.83 0.00 0.00 0.08 0.08 0.49 -0.75 -0.75 0.60 0.83 -0.60 

c ww gr 0.93 -0.68 -0.98 -0.75 0.98 0.08 0.00 0.08 0.08 0.41 -0.83 -0.68 0.68 0.90 -0.60 

cwd ac 0.73 -0.75 -0.90 -0.75 0.68 -0.08 0.00 0.08 0.08 0.38 -0.75 -0.75 0.75 0.83 -0.68 

c wd ar 0.68 -0.75 -0.90 -0.75 0.68 -0.08 0.00 0.08 0.08 0.41 -0.75 -0.75 0.75 0.83 -0.68 

c wd gr 0.80 -0.75 -0.98 -0.75 0.83 0.00 0.00 0.08 0.08 0.34 -0.83 -0.68 0.83 0.90 -0.68 
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