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how to provide for as many as nine
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warmer, less predictable climate.
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About this document

This document ‘Commercial gains from addressing natural capital challenges in the dairy sector:
Technical Report ‘ was written by Jonathan Green, John Pharoah and Martin Roberts of University of
Cambridge Institute for Sustainability Leadership (CISL). It is part of a series of ‘Doing business with
nature’ publications that identify challenges and opportunities for companies whose future growth
depends on a healthy and sustained supply of nature’s goods and its services. The rationale for
investing in sustainable natural capital management is set out in Doing business with nature:

Opportunities from natural capital and has been further developed through commodity-specific
Action Research Collaboratories (ARCs) for Cotton and for Dairy in the UK and Ireland, described in
the following pages and in a Summary Report.
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Overview

With a wide array of commitments to create a more sustainable dairy industry, farmers and others
have sought clarity as to which approaches at the production level should be adopted that will
deliver these commitments. Six leading companies partnered with the University of Cambridge
Institute for Sustainability Leadership to make an important first step. Representing different
perspectives upon the dairy value chain, each company recognised that more sustainable use of
natural resources creates a more resilient dairy industry by providing opportunities for increasing
productivity, reducing input costs and the mitigating risks. The companies shared a common
commitment, therefore, to reduce barriers to the improvement of natural capital management in
dairy production systems. Through this Action Research Collaboratory (ARC) existing approaches
were evaluated to highlight those practical management interventions that could, if adopted at
scale, help halt degradation of water, biodiversity and soil and deliver benefits to farmers and the
public. By investing in evidence-based management interventions that enhance natural capital,
companies would be better able to protect the long-term security of their supply chains, sustain
commercial growth and create additional social benefits.

Setting the scene

There are a variety of management interventions or practices that may be adopted at the
production stage of the dairy industry to, for example, improve yields, increase operational
efficiency, address environmental issues or secure natural capital. The companies of the Dairy ARC
submitted over 90 potential interventions, which were then prioritised to focus on ten for inclusion
in this review. The purpose of this review was to study the evidence for natural capital impacts of
management interventions that a business may be considering. The evidence would highlight
whether those interventions had previously been successful in providing positive impacts on water,
biodiversity or soil. For each of the ten interventions, therefore, a systematic review was conducted,
which revealed 91 studies with evidence of the management interventions’ effects on water,
biodiversity or soil. As well as concerns around natural capital, the businesses involved identified
that they also wanted to consider the cost and impact on yield of each intervention. By reviewing
this evidence, companies will be able to identify a more optimal mix of cost-effective farm-level
management interventions.

This report provides further information on the ten management interventions which were assessed
in the Natural Capital for Dairy project. A summary of this can be accessed via CISL’s webpages.

Compiling the evidence
The ten key interventions were researched through a systematic review, based on Sutherland’s
conservation evidence process (Figure 2). The systematic reviews presented here are detailed

evaluations of the evidence for the impacts of specific management interventions on natural capital.
This document synthesises the 91 studies that were reviewed to provide evidence on how the ten
interventions impact on water, biodiversity and soil.
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SEARCH
Stage 1

Use broad terms to search titles: E.g. ‘criterion' OR 'synonym' AND 'dairy’

How many studies found? <50 >200
Search abstracts and keywords Increase number of search criteria: E.g
‘criterion1’ OR 'synonym' AND 'criterion2’
AND 'dairy’

Once 50-200 studies identified in initial search, move onto the stage two. If, despite widening search criteria, no
more than 50 potentially relevant studies can be found, then these results should be used in stage two.

Stage 2

The studies must relate to dairy, must specifically assess the effect of the intervention that is being researched,
should be designed as an experiment, and should examine effects on at least one of water, biodiversity or soil

Relates to dairy? Yes No )

/ DISCARD
Addresses effect of intervention under review? s Yes No )
Assesses effects on water, biodiversity or soil? Yes No Assesses yields or costs? Yes No
Is it an experiment? Yes No

e.g. eliminate non-experimental simulations,
reviews and relevant overviews are low priority

FULL Vow
EVALUATION PRIORITY

Figure 1: The evidence was reviewed and assessed according to a systematic search and filtering process.

Each chapter is devoted to the synthesis of evidence for one intervention and includes:

e adescription of the intervention

e some quick facts

e a brief synthesis of evidence
The studies from which conclusions are drawn are also detailed individually. Impacts on soil, water
and biodiversity are reported upon; impacts are categorised as positive, likely positive, negative,
likely negative, neutral or limited evidence. Yield per unit area either increases, decreases, stays the
same or there is limited evidence. Cost is assessed as low, medium or high. The key messages from
the individual studies as well as their geographical regions of experimentation were underlined and
the evidence was categorised according to the type of study.




Summary of evidence

Intervention

1. Loosening of compacted grassland soils

2. Cereal-based whole-crop silage

3. Nitrification and urease inhibitors on pasture

4. Fencing waterways

5. Year-round housed dairy system

6. Anaerobic digestion of on-farm dairy wastes

7. Precision agriculture on pastures

8. Controlled traffic farming

Impact
Soil Water Biodiversity
Structure |Fertility Quality Quantity Diversity Abundance
Beneficial Ll_mltEd Mixed Mixed L',m'ted
Evidence Evidence
Limited Limited
Evidence Evidence
Li.mited Likelly. Beneficial Likely No Likely No
Evidence Beneficial Effect Effect
timited Likely Likely Likely Likely
Beneficial Evidence Beneficial | Beneficial Beneficial | Beneficial
Limited Limited ed
Evidence Evidence d
Ll'mlted Beneficial Ll.mlted
Evidence Evidence
Precision agriculture in pastures may offer significant benefits
but requires extensive testing
Limited Likely

Beneficial

9. Tree shelterbelts

10. Fertilising pasture with selenium

No Effect

Evidence
Ltimited
Evidence

Limited
Evidence

Beneficial
Limited
Evidence

Limited
Evidence

Table 1. Summary of each intervention and its effect on soil (structure and fertility), water (quality
and quantity), and animals and plants (diversity and abundance).




1 Loosen Compacted Grassland Soil

Soil physical properties are improved by loosening but effects on pasture productivity are mixed

1.1 Description
Grassland soils can become compacted through trampling of cows or the impact of farm traffic,

particularly when conditions are wet. Compaction can impede soil aeration, water percolation and

root development. To alleviate the effects of compaction, mechanical loosening such as aeration

(loosening to depths of around 270mm) or subsoiling/deep ripping (loosening to depths of around

500mm) has been proposed as a method to break up compacted soil layers and increase rainwater

infiltration. Loosening may also allow faster incorporation of nutrients from manure into the soil, so

reducing pollution concentration and volume in surface runoff.

1.2 Summary

The search revealed 61 studies, of which 13 assessed effects of loosening on soil, water or

biodiversity. A further six studies were identified in secondary searches. The inclusion of one further

study, because it was a highly cited study of yield effects in the UK', gave a total of 17 studies that

were reviewed in detail.

Soil Water Biodiversity
Reference Country Structure Fertility Quality Quantity Diversity Abundance Yield
Douglas et al 1995 UK Minimal Effect
Frost 1988a UK Positive Mixed
Frost 1988b UK Positive
Butler et al 2008 USA Mixed Mixed Mixed
Carter et al 1998 Canada Positive m
de Koff et al 2011 USA Positive Positive No effect
Delaune et al 2013 USA Positive Positive
Franklin et al 2006 USA No Effect No Effect
Franklin et al 2007 USA Mixed Mixed
de Koff et al 2011 USA Positive Positive No effect
Shah et al 2004 USA Mixed L Negatve |
Wilcox et al 2012 USA Positive
Burgess et al 2000 New Zealand Positive Positive/No Effect No Effect No Effect
Curran Cournane et al 2011 New Zealand Positive No Effect No Effect
Drewry & Paton 2000 New Zealand Positive Mixed
Drewry et al 2000 New Zealand Positive m

Harrison et al 1994

New Zealand

Positive

Mixed

Positive

You et al 2012

China

Positive

Positive

No effect

Positive

1.2.1 Soil

There were nine studies that investigated the effects of loosening on soil structure, with positive

effects on soil physical properties”™. Penetration resistance and bulk density were decreased by

loosening but results lasted from less than 1 year
presented results showing that organic carbon and total nitrogen in soils was increased by

aeration®®.

1.2.2 Water

2,47,8

to over 2.5 years®”. One of these also

The effects on water were less clear. Of seven studies that looked at water quality, two found

positive effects of loosening

11,12

, two found no effect

4,13

, and three found variable effects**™*®. Of

those studies with variable effects, one study found that runoff water quality was decreased by

aeration on poorly-drained soil while on well-drained soil there was either a positive effect or no

effect on runoff water quality’>. The other factor that resulted in mixed effects was whether the

loosening treatment was conducted on manured fields or fields that had not received manure




treatment. In the latter, aeration could increase pollutants and suspended solids in runoff, while in
the former aeration generally improved the quality of runoff water.

Runoff water volume followed a similar pattern. Of ten studies, four showed at least some evidence
of a positive effect (reduction) in runoff volume, while three showed no effect. The three remaining
showed variable effects: one study found that aeration of a poorly-drained soil increased runoff
volume while it was decreased or remained the same on well-drained soils™, another found that no-
till disk aeration increased runoff volume while other methods had no effect* and the final study
found that subsoiled fields were significantly drier than controls, but aerated fields were not’.
However, there was no significant difference in water use during the growing season and root length
and growth rate was greater in loosened soils, which is expected to increase the ability of plants to
obtain water in low moisture conditions”.

1.2.3 Biodiversity

There were no studies that provided an in depth investigation into the effects of soil loosening on
biodiversity. One study found no significant differences in botanical composition of aerated pasture
compared to controls’.

1.2.4 Yields
The majority of studies into the mechanical loosening of grassland soils were primarily concerned

with effects on yields (12/17 studies). Only two studies reported positive effects on pasture yields”*°

>>71% herhaps due to root damage® or because the

whilst four showed at least some negative effect
soils were not sufficiently compacted to realise any yield benefits from loosening™®. Of the three
studies showing variable effects, the effect depended on the time of loosening and harvest®, and the
manure and aeration type'®. Further, two of the studies were on soils that may have not have been
sufficiently compacted to benefit from loosening®®. One of the three studies showing no effect of
loosening was conducted under dry conditions that may have resulted in increased root damage and

greater wilting following aeration treatment.

1.2.5 Other considerations

The cost of loosening can be substantial and will require the use of specialist machinery. ADAS
estimate the cost at approximately £40 per ha'’. In addition to any soil, water and biodiversity
effects, there are likely to be benefits through reduced losses of ammonia®’.

Soils are more vulnerable to compaction and erosion once mechanically loosened, so it should only
be undertaken when a thorough inspection has confirmed the presence of over-compaction®. It may
be possible to loosen specific areas such as around gateways *°. Loosening of topsoil is ideally carried
out in autumn; water stress is lower, which helps limit damage to grassland sward and subsequent
yield losses, yet conditions are not too wet, which can cause further damage to soils'*. Loosening of
topsoil is not recommended for poorly drained soils*®.

Once complete, further steps should be taken to minimised or avoid over-compaction through, for
example, avoiding farm traffic and intense grazing in wet conditions and this intervention can be
combined with others that minimise compaction, such as use of controlled traffic systems (where
appropriate), reduced stocking densities or use of low ground pressure tyres™.
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1.3 Literature review

1.3.1 Primary search

Source | Search terms (title/keyword/abstract) Studies | Relevant studies | Search date

Web of | (loose* OR aerat* OR ripp*) AND compac* 61 13 16 Jul 2015

Science | AND soil AND (pastur* OR grassland OR dairy)

1.3.2 Secondary search

Source Search terms Relevant studies | Search date
Google Alleviation of grassland compaction by mechanical | 0 16 Jul 2015
Scholar soil loosening®’

Reference lists 5 16-31 Jul 2015
Total 18

1.4 Literature
1.4.1 Europe

1.4.1.1 Traffic Systems and Soil Aerator Effects on Grassland for Silage Production!
Citation: Douglas et al 1995

Key message: Aeration had a minimal effect on grass yields
Location: Edinburgh, Scotland

Description: A study to investigate the effects of mechanical loosening to 100mm depth (among
other treatments) on grass silage production. Soils had been compacted by farm traffic rather than
by animal treading.

Did not assess soil, water or biodiversity impacts. Yield: Found only minimal evidence of
improvements in grass yield and nitrogen content.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance
Impacts Minimal
Effect

Study Type: Split-plot, replicated and controlled

1.4.1.2 Effects on Crop Yields of Machinery Traffic and Soil Loosening Part 1. Effects on
Grass Yield of Traffic Frequency and Date of Loosening?
Citation: Frost 1988a

Key message: (1) Loosening decreased soil resistance, but soils re-compacted over the course of a
year. (2) Yields were negatively affected by loosening in spring, but there was no effect on annual
yields of loosening in autumn.

Location: Northern Ireland




Description: Experiments were carried out to test the effect of loosening (to a depth of 300-350mm)
swards of perennial ryegrass for silage production. Two experiments were conducted. The first
included an investigation into the effects of slurry spreading, whilst the second compared the effect
of loosening in autumn and loosening in spring with controls (no loosening).

Soil: Cone penetrometer resistance was significantly reduced by loosening of soil but over the
course of the year resistance reverted to values that were similar to unloosened soil. Yield: In the
first experiment, yield was significantly (44 per cent) lower for loosened plots compared to controls
in the first harvest after loosening and 10 per cent lower (although not statistically significant) in the
following harvest. For the second experiment: yields were significantly lower (reduced by 20 per
cent for autumn-loosened and 31 per cent for spring-loosened) for the first harvest following
loosening. Yields were, however, significantly increased (9 per cent higher) for the second harvest of
autumn-loosened areas, while in no effect was observed for spring-loosened areas. There was no
significant effect from loosening at third harvest, but at fourth harvest average yields from the
autumn and spring loosened areas were significantly greater than from unloosened areas (15 per
cent and 11 per cent, respectively). Annual average yield from autumn-loosened areas was
marginally, though not significantly greater than from unloosened areas, while spring-loosened
areas had significantly lower annual average yields (8 per cent lower). Caveat: Despite extensive

machinery use prior to commencement of the experiments there was no visible evidence of
compaction in the soils and grass yields were considered typical of Northern Ireland.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Positive Mixed

Study Type: Replicated, split-plot, controlled

1.4.1.3 Effects on Crop Yields of Machinery Traffic and Soil Loosening: Part 2, Effects on
Grass Yield of Soil Compaction, Low Ground Pressure Tyres and Date of Loosening”
Citation: Frost 1988b

Key message: (1) Soil loosening in autumn or spring reduced subsequent grass harvest yields and
gave no significant yield advantage over the following two seasons. (2) Soil resistance was decreased
by loosening with effects lasting at least 8 months.

Location: Northern Ireland

Description: An experiment to assess whether compaction in soils under grass can be effectively
ameliorated by soil loosening (to a depth of 350mm) without destroying the sward. In an earlier
study soil loosening was found to reduce grass yields but this was partly attributed to lack of soil
compaction prior to loosening®. Thus soils were compacted prior to experimental loosening
treatments applied in autumn or in spring. Yield effects were measured at time of silage harvest in
May, June and August.

Soil: The cone resistance of soils loosened in either autumn or spring was initially reduced
significantly to depths of at least 280mm and effects persisted for at least 8 months following
treatment. However, the effect of loosening on cone resistance declined over time and for autumn-
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loosened soils treatment effects were non-significant (although resistance remained generally
lower) from 8 to 11 months after treatment. No residual effects on cone resistance were found in
the year after soil loosening for either spring or autumn-loosened soil. Yield: At the first harvest
after treatment, loosened soils had 11-12 per cent lower grass yields. Annual yields in the year
following loosening were 7 and 5 per cent lower from the autumn and spring loosened areas,
respectively. Yields were generally not significantly different one year later.

Soil Water Biodiversity Yield

Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Positive Negative
Study Type: Randomised, replicated, controlled

1.4.2 North America

1.4.2.1 Evaluating Aeration Techniques for Decreasing Phosphorus Export from
Grasslands Receiving Manure1*
Citation: Butler et al 2008

Key message: (1) Core aeration has the greatest potential for reducing phosphorous losses after
broiler litter manure has been applied. (2) Core and no-till disk aeration show potential for reduction
of phosphorous export from dairy sludge manure.

Location: Georgia, USA

Description: This study reports on experiments to assess the effect of mechanical aeration of
grasslands for reducing P transport by increasing infiltration of rainfall and binding of P with soil
minerals. Three aeration treatments (aeration with cores, no-till disk aeration perpendicular to the
slope, and slit aeration with tines, all applied to a depth of 80mm) were compared to a control (no
aeration treatment) for their effect on the export of total suspended solids, total Kjeldahl P (TKP),
total dissolved P (TDP), dissolved reactive P (DRP), and bioavailable P (BAP) in runoff from grasslands
with three manure treatments (broiler litter, dairy slurry, and no manure). Tests using simulated
rainfall were conducted after aeration of treated plots and again following compaction and aeration.

Water: Generally, differences in runoff volumes were not statistically significant between aerated
plots and control. However, no-till disk aeration increased runoff volume by 59 per cent in the post-
compaction test. After broiler litter or dairy slurry application, aeration did not significantly affect
export of total suspended solids (TSS), although slit aeration resulted in non-significant reductions in
TSS export of 23-28 per cent. When no manure is applied, TSS is significantly greater under core
aeration than control. The effect of aeration on phosphorous export was mixed, but overall core
aeration appeared to offer the greatest reduction in losses from fields applied with broiler litter.
Both core aeration and no-till disk aeration showed potential for reducing phosphorous losses from
fields applied with dairy slurry (for detail see below). Yield: Under broiler litter treatment, forage
yields under core aeration were significantly greater than controls (2215kg ha™ vs. 1633kg ha™,
p<0.1). Under dairy slurry or no-manure treatments, aeration did not affect forage yields.
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[Phosphorous in detail: for broiler litter treatment, total Kjeldahl phosphorous (TKP) in pre-
compaction tests was reduced by core (57 per cent lower), no-till disk (25 per cent lower) and slit (28
per cent lower) aeration. Post-compaction TKP was reduced by 50 per cent by core aeration, but this
effect was not significant. Under dairy slurry, aeration did not affect TKP in pre-compaction tests,
but reduced TKP export was found under core aeration (52 per cent lower) and no-till disk aeration
(58 per cent lower) in post-compaction tests. With no manure application, aeration did not
significantly affect TKP. Total dissolved phosphorous (TDP) from broiler litter field was reduced by
27-66 per cent by aeration treatments prior in pre-compaction tests, but there was no effect for
post-compaction tests. Dissolved reactive phosphorous (DRP) from broiler litter fields was reduced
by 28-66 per cent by aeration. DRP from dairy slurry fields was reduced in post-compaction tests by
47 per cent and 55 per cent under core and no-till disk aeration, respectively. Slit aeration had no
effect on DRP. Bioavailable phosphorous (BAP) losses from fields applied with broiler litter was
decreased by aeration in pre-compaction tests (particularly by core aeration), but BAP was greater in
no-till disk aerated plots for post-compaction tests of fields applied with broiler litter. For dairy slurry
fields, BAP was decreased in post-compaction tests by core and no-till disk aeration treatments.]

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance
Impacts Mixed Mixed Mixed

Study Type: Randomised, replicated and controlled

1.4.2.2 Influence of non-inversion loosening on permanent pasture productivity3
Citation: Carter et al 1998

Key message: (1) Loosening had positive impacts on the physical properties of soil that persisted for
3-4 years. (2) Pasture productivity was negatively affected by loosening, probably due to root
disturbance.

Location: Prince Edward Island, Canada

Description: An experiment to test the effect of (non-inversion) soil loosening of compacted soil
under a Kentucky bluegrass/white clover pasture at a depth of 200mm.

Soil: Prior to loosening, soils had dry bulk densities, macropore volumes, shear strength and
penetrometer resistance values that indicated physical compaction of the soil to a degree that
would be expected to limit root growth. Treatment resulted in significant loosening at 100-250mm
depths with effects declining over time and lasting 3-4 years. Yield: Average (3-year) pasture
productivity was lower in loosened fields than in controls probably due to root disturbance or injury
caused by the mechanical loosening.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Positive Negative

Study Type: Randomised, replicated and controlled experiment and measurements over 3 years
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1.4.2.3 Effects of Pasture Renovation on Hydrology, Nutrient Runoff, and Forage Yield11
Citation: de Koff et al 2011

Key message: (1) Overall, beneficial impacts of renovation on nutrient losses and runoff lasted up to
3 months, which is the most critical period for nutrient runoff following manure application. (2)
Effects on forage yields were mixed and always non-significant.

Location: Arkansas, USA

Description: Aeration (to 150mm depth) prior to swine slurry or poultry litter application was
assessed for its effect on nutrient runoff and forage yield for three soil types: Pickwick, Taft and
Captina.

Water: Runoff volumes were lower for seven out of eight aerated plots (reductions of 45 to 74 per
cent) in the week following treatment, of which two of these effects were statistically significant.
Runoff volumes were also lower for aerated plots compared to controls in the 13 months following
treatment (18 of 20 measurements), but only significantly so for 1 rainfall simulation event, which
was in Pickwick soil at 3 months after treatment for plots applied with swine slurry. Infiltration rates
were generally increased by up to 87 per cent for aerated plots compared to controls. For Pickwick
soils infiltration rates were always faster in aerated soils, and significantly so 3 months after
aeration for fields with no manure and fields applied with swine slurry. Taft soils showed significantly
increased infiltration rates for all manure/no manure treatments 1 day after aeration but
measurements at 3 and 13 months show no significant differences for aeration. For Captina soil,
aerated plots show significantly increased infiltration rates 1 week after aeration which persist for
up to 12 months, although differences after 1 month are not significant. Dissolved reactive
phosphorous (DRP) and total phosphorous (TP) loads (kg ha™) were lower for almost all aerated
plots, compared to non-aerated controls and this decrease was significant for the plots that had
received poultry litter. Aeration treatment effects for 3 to 13 months after aeration were mixed and
not significant for any soil type or manure application. Total nitrogen (TN) load (kg ha™) was
generally lower for up to 3 months after aeration and this effect was significant in the first week
after aeration for Taft and Captina soils applied with poultry litter. The effect of aeration on TN load
beyond 3 months after treatment was mixed and not statistically significant. Yield: Renovation did
not result in any significant differences in forage yields.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance
Impacts Positive Positive No effect

Study Type: Replicated, controlled




1.4.2.4 Impact of soil aeration on runoff characteristics in dual-purpose no-till wheat
systems12
Citation: Delaune et al 2013

Key message: (1) Aeration is most effective in reducing runoff and nutrient losses within three
weeks after implementation. (2) If aeration is implemented with nutrient applications, nutrient
losses could be reduced by more than 4-fold compared to no-till.

Location: Texas, USA

Description: An experiment to test the effect on runoff of aeration (to 200mm depth and using roller
angles of 0°, 5° and 10°) and conventional tillage against a no-till system.

Water: Aeration using 5° and 10° roller angles reduced runoff volume and increased infiltration
rates compared to no-till in the three weeks after treatment. However, six weeks after treatment,
no-till (i.e. control) runoff volumes were lower than all treatments except the 10° aeration and after
10 months of tillage implementation, infiltration was 10% to 52% greater on no-till plots compared
to tilled treatments. Similarly, aeration using 5° and 10° roller angles reduced soluble reactive
phosphorus (P), total P, and ammonium-nitrogen (NH,-N) loads compared to no-till in the three
weeks after fertilizer application and aeration.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance
Impacts Positive Positive

Study Type: Randomised, replicated and controlled

1.4.2.5 Fertilizer source and soil aeration effects on runoff volume and quality?3
Citation: Franklin et al 2006

Key message: Aeration of hay fields does not have a significant effect on runoff volumes or nutrient
losses.

Location: Georgia, USA

Description: A study to investigate the effect of fertilizer source (inorganic fertiliser versus broiler
litter) and aeration (to a depth of 90mm) on the volume and quality of runoff from grassed plots.

Water: This experiment found no significant effect of aeration on runoff volume, although runoff
volumes in aerated plots were on average 27 per cent lower (P=0.16). Aeration also had no
statistically significant effect on time to initiation of runoff. Dissolved reactive phosphorous, total
kjeldahl phosphorous and ammonium (NH,N) losses were also found to be the same in aerated
plots as in non-aerated plots. Caveats: aeration slits were parallel to the slope, rather than
perpendicular, which may mean that they do not interrupt the flow of water across the soil surface
so effectively. Also soils may not have been as compacted as would be found in a grazed pasture,
rather than hay fields in which forage is harvested.
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Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts No effect No effect

Study Type: Randomised, replicated and controlled

1.4.2.6 Aerating Grasslands: Effects on Runoff and Phosphorus Losses from Applied
Broiler Litter1s
Citation: Franklin et al 2007

Key message: (1) Aeration had mixed effects for well-drained soils, reducing runoff volumes and
nutrient losses in one case but having no effect in the second. (2) Runoff volumes and nutrient losses
were increased by aeration in poorly drained soils.

Location: Georgia, USA

Description: A study to test the effect of slit aeration (to a depth of 100-120mm) on runoff and
nutrient losses in a fescue/bermudagrass hay field fertilised with broiler litter. Separate experiments
were conducted in well-drained soil and poorly-drained soil.

Water: The effect of aeration on runoff volume was mixed for well-drained soils, with a reduction of
35% in one pair and no effect in another. Runoff volume was, however, increased by aeration in a
poorly-drained soil pair. Mass losses of dissolved reactive phosphorous (DRP) followed the same
pattern, with mixed effects on well-drained soils (significantly reduced by 35% in the first pair and no
effect in the second pair) and an increase in mass DRP losses for poorly drained soils. There was no
effect on total phosphorous (TP) in either of the well-drained soil pairs but TN was higher for the
aerated field in poorly drained soil.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Mixed Mixed

Study Type: Paired sites (treated and control)

1.4.2.7 Influence of Aeration Implements, Phosphorus Fertilizers, and Soil Taxa on
Phosphorus Losses from Grasslands?9
Citation: Franklin et al 2011

Description: This paper summarises experiments reported in earlier papers™™*

1.4.2.8 Mechanic al aeration and liquid dairy manure application impacts on grassland
runoff water quality and yield¢
Citation: Shah et al 2004

Key message: (1) Aeration partially improved runoff water quality if grassland is manured but
adversely affected crop yield and nutrient uptake. (2) There is a need for aerators that minimise
surface soil disturbance to reduce total suspended solid losses.

Location: West Virginia, USA




Description: High spring rainfall and heavy soils in West Virginia can combine to reduce oxygen
availability and depress grassland yields. An experiment was conducted to test the efficacy of
applying liquid dairy manure and/or aerating soil (to ~150mm depth) to improve forage yields and
improve runoff water quality for fields under orchard grass with 10-20 per cent alfalfa.

Water: In plots that were not treated with manure, nutrient concentrations in runoff water were
unaffected by aeration compared to the control. However, in manured plots, aeration was observed
to reduce losses of nutrients in simulated events (loadings of individual nutrients were reduced by
>26% by aeration of manured plots) but no effect was observed for a single natural rainfall event.
Higher total suspended solids were observed under simulated rainfall for aerated plots, but not
under the natural rainfall event. Yield: Aeration led to a reduction in yield for manured plots.
Relatively weak evidence that aeration reduced soil impedance, and overall aeration was found to
reduce crop nutrient uptake, probably due to root damage. Caveat: the grassland had not been
heavily grazed, so the baseline was not a compacted soil.

Soil Water Biodiversity Yield

Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Mixed Negative
Study Type: Randomised, controlled and replicated

1.4.2.9 Contour ripping is more beneficial than composted manure for restoring degraded
rangelands in Central Texas?!
Citation: Wilcox et al 2012

Key message: Contour ripping is effective for increasing infiltration rates and reducing runoff
Location: Central Texas, USA

Description: A study to assess the effect on compacted soils of applying composted dairy manure
and contour ripping (to an average depth of 380mm) on soil infiltrability, amount of runoff, and
nutrient concentrations in runoff.

Water: Runoff in treated plots was almost half (~ 30 per cent of rainfall) that from the control (~ 60
per cent of rainfall). Caveats: The effect of contour ripping cannot be assessed entirely
independently of the effect of applying compost.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Positive

Study Type: Repeated measures over time, control plots used but insufficient to attribute effects
entirely to contour ripping treatment.
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1.4.3 Australasia

1.4.3.1 Shallow mechanical loosening of a soil under dairy cattle grazing: Effects on soil
and pasture?
Citation: Burgess et al 2000

Key messages: (1) Aeration significantly improved soil physical properties for water and air
movement, and is a useful method for ameliorating compacted soil supporting permanent pasture
on dairy farms. (2) Improvements in soil physical properties decline with time and aeration may have
to be repeated annually. (3) Aeration should be completed when soil and atmospheric conditions
(rainfall and evaporation) are best for mechanical loosening of soil.

Location: Hamilton, New Zealand

Description: This study investigated the effectiveness of mechanical loosening to 220mm depth for
ameliorating soil damage by cattle in a ryegrass/white clover pasture grazed for > 20 years under an
intensive dairy farming system. Soil physical properties, pasture yield, botanical composition, ground
cover, and root activity were monitored and the longevity of effects assessed over a 40-week period.

Soil: Aeration significantly reduced penetration resistance, degree of packing and bulk density and
significantly increased porosity, hydraulic conductivity and proportion of smaller aggregates.
During a 40-week study, physical conditions reverted to those of the control plots, although
significant differences remained in degree of packing and macroporosity. Aerated plots had more
bare ground than controls at 3 weeks after treatment, but less bare ground 46 weeks after aeration.
Water: No differences in soil moisture content were found between aerated and control soils. Root
length and root dry weight (which are expected to increase the ability of plants to obtain water in
low moisture conditions) were greater in aerated versus control plots, but not significantly so.
Biodiversity: There were no significant differences in botanical composition of aerated pasture
compared to controls. Yield: There were no significant differences in herbage dry matter yield
between aerated and control plots except for one measurement four weeks after treatment, in
which yields were lower in aerated plots (probably due to initial root damage). Subsequently higher
yields in the aerated plots (compared to controls) resulted in no significant difference in annual
herbage dry matter yields. Caveats: The authors note that dry conditions during aeration may have
caused irregular disturbance of the soil, resulting in root damage, whilst dry conditions immediately
after aeration resulted in plant wilting, which resulted in the reduced herbage yields reported
shortly after treatment. They also note that other studies find significant differences in aerated
(versus control) plots only after 52 weeks, with effects becoming stronger at 60 weeks. Therefore,
this study may have been too short to record all of the significant differences arising from aeration.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance
Impacts No Effect No Effect No Effect
Positive or weakly
Positive

Study Type: Randomised, replicated and controlled




1.4.3.2 Is mechanical soil aeration a strategy to alleviate soil compaction and decrease
phosphorus and suspended sediment losses from irrigated and rain-fed cattle-
grazed pastures?*

Citation: Curran Cournane et al 2011

Key message: (1) Aeration did not improve soil physical properties compared to control plots. (2)
Aeration did not reduce losses of phosphorous or suspended sediment in surface runoff.

Location: North Otago, New Zealand

Description: A study to assess the impact of aeration (to 200mm depth) of an irrigated
ryegrass/white clover pasture grazed by sheep and cattle.

Soil: Seven days after treatment, aerated plots showed significantly increased macroporosity (28 per
cent versus 11 per cent v/v) and decreased bulk density (1.05 versus 1.39 g/cm?). However, no
significant differences were observed 6 months after treatment, indicating rapid resettling of the
poorly-structured soil. Water: No significant effect was observed for the volume of water runoff
(measured 6 months after aeration, when soil physical properties were not significantly different
from controls) or for losses of phosphorous and suspended solids.

Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance
Impacts Positive No effect No effect

Study Type: Randomised, replicated and controlled

1.4.3.3 Effect of subsoiling on soil physical properties and dry matter production on a
Brown Soil in Southland, New Zealandé
Citation: Drewry & Paton 2000

Key message: Subsoiling improves soil physical conditions, which persist for up to 22 months.
Location: Southland, New Zealand

Description: A 2.5-year study into the effect of subsoiling at 250-300mm depth using conventional
and wing-shaped tines. Compacted soils were naturally well-drained and supported ryegrass/white
clover sheep grazing pasture.

Soil: Soil physical properties were significantly improved by subsoiling. Macroporosity, air
permeability, hydraulic conductivity (saturated and unsaturated) was increased one month after
subsoiling with both conventional and winged tines and the effect was still present 22 months after
treatment. Generally, the effects on soil physical qualities were similar for conventional and winged
tines. Yield: Effects on yield were mixed. For winged-tine subsoiling, three of five seasons showed no
significant difference in dry matter production, one season exhibited increased yields compared to
controls and one season exhibited decreased yields. For conventional-tine subsoiling, three of five
seasons showed no significant difference in dry matter yields, whilst two showed lower dry matter
yields than in control plots. Caveats: The soil in the study site may have been insufficiently
compacted to exhibit a positive yield response to subsoiling.
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Soil Water Biodiversity Yield
Structure | Fertility Quality Quantity | Diversity | Abundance

Impacts Positive Mixed

Study Type: Randomised, replicated and controlled

1.4.3.4 Effect of subsoiling on soil physical properties and pasture production on a Pallic
Soil in Southland, New Zealand>
Citation: Drewry et al 2000

Key message: (1) Subsoiling significantly improves soil physical conditions, effects persisting for up
to 2.5 years. (2) There was generally no effect on dry matter yields except during a dry summer
when yields were 39 per cent lower in subsoiled plots.

Location: Southland, New Zealand

Description: A 2.5-year study into the effect of subsoiling at 250-300mm depth using conventional
and wing-shaped tines. The study site was a ryegrass/white clover sheep grazing pasture.

Soil: Soil physical properties were significantly improved by subsoiling. Subsoiling with either
conventional or winged tines increased macroporosity, air permeability and 