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The Soil and Water Balance

FOREWORD

“The thin layer of soil covering the earth’s surface represents the
difference between survival and extinction for most terrestrial life”
- Doran and Parkin, 1994.

Despite this statement, the soil beneath our feet is often overlooked
and undervalued.

Soil underpins human health and wellbeing, thanks to the diverse
range of goods and services soils deliver to society. For example,
the Food and Agriculture Organization of the United Nations state
that over 97% of our food comes from soil. Global warming can be
offset by storing carbon in soil. Flooding risks can be controlled
when soils absorb heavy rainfall. These, and many other soil-
derived benefits, are directly related to individual and national
economic status.

As such, a better understanding of soils, and their properties,
processes and functions is essential, if this vital, yet virtually finite
component of natural capital is to be appreciated and protected.
Over many years, the Allerton Project’s soils research programmes
have contributed to much of this understanding. Collaborative
research at Loddington continues to provide long-term, robust
scientific evidence on soils and soil health, at field, farm and
catchment scales. Importantly, this extensive knowledge is gathered
in a real, working environment and supports the development,
demonstration and adoption of effective, economically-viable and
sustainable soil management policies and practices.

As well as generating this valuable evidence, the Allerton Project
ensures soils research has real impact to many beneficiaries.
The scientific knowledge and technical skills of Project staff are
shared with a wide range of stakeholders, from school children
to researchers to Government ministers. Working closely with
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these key stakeholders ensures soil and soil management research
at the Allerton Project continues to find appropriate solutions to
the economic, regulatory and environmental uncertainties that
farmers face now, and into the future.

Professor Jane Rickson,
Chair in Soil Erosion and Conservation

Cranfield Soil and AgriFood Institute,
Cranfield University, Cranfield, UK
January 2018



The Soil and Water Balance

PREFACE

“Man - despite his artistic pretension, his sophistication and his
many accomplishments — owes his existence to a 15cm layer of
topsoil and the fact that it rains” - Anon.

Throughout the last century, farming has changed dramatically.
A 1920s farmer would not recognise the modern, high-tech, high
productivity environment of today’s farm. With these advances
came enormous and much needed increases in yield from the post-
war years to the latter part of the 20th century, however across the
UK yields have been plateauing and even falling over the past 30
years. This shows that although the techniques that have allowed
high output farming revolutionised the industry, they perhaps do
not care sufficiently for the fundamental components that support
us, such as the soil. Soil structure, organic matter and overall soil
health have been in decline, and we must address these issues if we
wish to achieve sustainable farming.

The challenge we now face is to maintain profitable and productive
farming, whilst reversing these effects. There is much that can
be done to benefit farm businesses whilst reducing the negative
impact of modern agriculture on the environment when it comes
to soil and water. Keeping the soil on the fields, preventing
nutrients and chemicals from travelling into water courses and
valuing soil structure are initial steps towards a more sustainable
approach. With the knowledge we now have from our research, we
can certainly make progress in improving these areas.

We know that many farmers are enthusiastic about these advances,
and would be prepared to adjust their farming practices. However,
where these adjustments come with a cost, increased uptake needs
to be encouraged by financial support for such measures. Many are
simple and cost-efficient enough to be included in agri-environment
schemes, and supporting these through forward-looking policy will

7



The Soil and Water Balance

encourage many more to take positive steps towards sustainable
soil management.

The GWCT’s Allerton Project has been involved in many research
projects with many partners over the last 25 years. These examine
water quality, soil health, impacts on crop yield, and how we might
reduce the impact of modern farming methods on the environment,
whilst maintaining food production and an economic business
model for the farm. The knowledge gained from some of these
studies has recently been brought together into our ongoing Water
Friendly Farming project, which combines these separate threads
into a practical, landscape scale demonstration. This document
explores the main findings from our research projects, discusses
what we have learnt, and considers how our findings might be
applied in the future.

This report does not mark the end of our work. We have new
projects underway that will yield further important results over the
next five years. There is a lot that remains to be done, but after 15
years of scientific research into farming techniques at the GWCT’s
Allerton Project and elsewhere, we are in a stronger position to
make responsible choices towards sustainable farming.
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The Soil and Water Balance

WHY IS SOIL RESEARCH SO IMPORTANT?

. Soil is precious. It is critical for life. We are currently losing
millions of tonnes of arable topsoil each year in the UK to
erosion’, but we cannot replace it. The formation of even a
centimetre of soil takes thousands of years. p26.

. As our soils degrade, our ability to grow food, support
wildlife and store carbon and water are compromised.
. Healthy soil represents a very large store of carbon - the top

30cm alone is thought to contain more than twice as much
carbon as there is in carbon dioxide in the atmosphere® p17.

. The effects of erosion are often felt more severely at the site
the soil is deposited, rather than where it is eroded from.
This is one reason the problem is not prioritised. p25.

. Sediment is one the biggest problems facing freshwater
bodies and fisheries in the UK. p27.

. Agriculture is thought to contribute 70% of the nitrogen
and 28% of the phosphorus in UK waters’. p39.

. Up to 95% of water bodies in the UK have raised levels

of nitrogen, and in agricultural areas the levels are high
enough to be ecologically damaging in most streams*. p39.

. Raised levels of nutrients and sediment in rivers can have
many consequences, including: sediment smothering fish
eggs and depriving them of oygen, sunlight not penetrating
as far into water ecosystems, and waterways becoming
choked with algae and weed. Section 1.4.
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WHAT HAVE WE LEARNT SO FAR?

Ploughing disrupts natural soil structure and reduces
organic matter, so reducing or avoiding ploughing can
help preserve structure and preserve organic material in
soil. p20.

Reduced or no-tillage farming can decrease the amount
of surface runoff and erosion (by up to 90% on some
plots), improve soil structure and workability, and
increase soil health and organic matter. However, it is not
suitable everywhere - some crops, soil types, climates can
be more challenging. p46.

More runoff and erosion comes along field tramlines than
from the cropped area. This can be reduced by using low
pressure tyres, or methods to break up the soil surface in
the tramline. Some capital grants are already available to
support these techniques. p54.

Cover crops protect and improve the soil, and add
nutrients as “green manure”. In the right circumstances
cover crops can reduce erosion by sheltering the soil,
reduce weeds over winter and in the following crop, and
improve soil organic matter content. p50.

Conservation Agriculture combines reduced tillage,
ground cover and good crop rotation. It can have many
benefits for soil, biodiversity and the farmer, but there
may be drawbacks. A change of farming practice requires
planning, a good understanding of soils and technology
as well as a change in mind-set. p68.

Agriculture is the main overall source of phosphorus
in rivers, but during the biologically sensitive times of
spring, summer and early autumn, most phosphorus
comes from domestic sources’. This could be addressed
- 80% of septic tanks are probably working inefficiently®.
p66.
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Ploughing vs reduced tillage was studied in the SOWAP project, to
examine the impact of reduced or no-tillage on many factors including
soil health, soil erosion, nutrient loss from fields and biodiversity.

Phosphorus was monitored in the streams running through several
different catchment areas in the PARIS project. These differed in
farming practices, and we studied the impact of the farming itself
and other factors such as sewage treatment on river phosphorus and
biodiversity.

Phosphorus and sediment mitigation measures have been studied
in two projects at Allerton. MOPSI, which looked for ways to reduce
sediment and phosphorus loss using tramline management, beetle
banks and reduced tillage. The Tramlines project followed on from
this, and examined in more detail how tramlines can be managed to
reduce sediment loss.

Cover crops were studied in the SIP project, which looked at the
effect of different cover crop species on soil biology, chemistry and
physics, and the effect on weed growth.

Reducing sediment. Field wetlands were studied for their ability to
reduce sediment in field runoff water in the MOPS2 project.

Wet features for wildlife were created in the wetting up farmland for
biodiversity project, which examined the importance of such features
for birds and insects in a farmland landscape

More detail about all these projects and their findings is shown in

section 6.

Hllustration © Chris Heward
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1. THE PROBLEMS

1.1 SOIL HEALTH

Plants need soil, but soil is not just a matrix which supports them;
much more is going on under our feet than meets the eye. The
soil ecosystem itself has been called a life support system — made
up of air, water, minerals, plants, animals and microbes all of
which interact and work together. This dynamic system contains
a wide range of soil creatures and microbes, all contributing to the
maintenance and improvement of soil health and structure.

This ecosystem that exists in the soil is delicately balanced, as
with many others in the world. We cannot expect it to survive and
thrive if it is physically disrupted, exploited and depleted of its
essential components. Many of our research projects have looked
at ways we can address these problems to support soil health while
maintaining farm productivity and profitability.

At the Allerton Project, we have been involved in many studies
looking at the links between crop production, soil health and water
quality over the past fifteen years. Most of this research is done in
collaboration with others across the UK, often involving partners
and study sites in other parts of Europe. The projects we have
worked on are represented on page 12, and summarised in more
detail in section 6, at the end of the book.
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What are the challenges to soil and water from farming?
The main challenges addressed in this document are as follows:

. Soil health - including compaction, biology and loss of
organic matter

. Soil erosion - how it happens and how we can reduce it

. Sediment - the effects of soil in waterways

. Nutrient pollution

Many of these are linked; for example soil erosion leads to more
sediment, and much of the phosphorus carried into surface waters
when rivers are high is bound to sediment particles. Each will be
discussed in its own section below.

“Healthy” soil - what does that mean?

Healthy soil has a complex mix of soil particles, minerals,
microorganisms such as bacteria and fungi, organic matter,
nutrients, mesofauna (small invertebrates), and larger animals
such as earthworms. Together these organisms contribute to
maintaining soil health, the movement and retention of nutrients
and plant growth. Soil health can be defined as “the continued
capacity of soil to function as a vital living ecosystem that sustains
plants, animals, and humans™. Soil supports life, but it must be
healthy in itself to be able to continue in this role.

Is our soil healthy?

Unfortunately, large areas of soil in the UK are degraded. A
study from 2015 calculated that erosion already affects around
17% of arable soils in England and Wales, with 40% at risk of
erosion. It also estimated that 40% of agricultural land is liable
to compaction, and that the costs of soil erosion, for example
loss of crop yield, reduced carbon storage and drinking water
quality, run to £1.2 billion per year in England and Wales alone®.
Worldwide, almost two billion hectares of land are affected by
human-induced soil degradation’.
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Soil Health

Why is this important?

Degraded soil is less able to support life - either plants above ground, or
the ecosystems that should exist within soil. Healthy soil also represents
a very large store of carbon'® - the top 30cm alone is thought to contain
more than twice as much carbon as is found as carbon dioxide in the
atmosphere’. When soil becomes degraded, more of this carbon is
released into the air, rather than being locked away in the ground''.
Carbon storage is a critical component of combating climate change, and
healthy soil may have an important role, alongside other approaches'.
The 2015 Convention on Climate Change in Paris agreed an initiative to
increase soil carbon by 0.4% per year, to help reduce carbon emissions
and tackle climate change'.

Does soil health affect food production?

Yes. It is thought to be a major factor limiting crop yield over the past
decade or so. As well as soil being lost through erosion, growing crops
in compacted soils with low organic matter limits rooting, nutrient
uptake and access to water. In winter, poor quality soils are more prone
to waterlogging, and crops on them are more susceptible to pests and
competition from some weeds.

Is soil health regulated?

No. We rely on individual landowners to prioritise the health of their
soil. Our knowledge of soil health is improving, and as we learn more
we can help farmers to use sustainable techniques, which will benefit
them as their soils improve. The EU drafted a framework to guide soil
health, but it was not adopted by all countries. The GWCT have drafted
proposals for UK agricultural policy after Brexit, which include soil
measures to help improve soil health country-wide.

How do we know if soil is healthy?

We can measure soil bacteria, earthworms, organic matter and other
characteristics of the soil, such as its structure, to tell us whether it is
in good condition. Healthy soils are among the most diverse habitats
on earth, with billions of individuals, and up to a million species of
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bacteria alone living in each gram'*".

What do soil microbes do?

Soil microbes play a critical role in the health of soils and the plants
they support. They are involved in the provision and recycling
of nutrients, for example certain bacteria fix nitrogen from the
atmosphere and make it accessible for plants to use. Their role
in cycling nutrients means that they have a great impact on the
diversity and productivity of plants'®.

What can keep soil healthy?

Traditionally, crop rotations and leaving land fallow were the
approaches that maintained soil health, with what were called
“exploitative” phases, when crops were grown, and “restorative”
phases, when the soil was allowed to recover. However, modern
methods have been developed that do not need these cycles -
fertilisers and other treatments can give high yields without those
rest periods, at least in the medium term.

What effect has this had?

Research suggests that soil quality is falling with continuous
agriculture. Increasingly it is thought that, for food production
to be sustainable in the long term, we need to adjust agricultural
techniques. One approach that may help us meet the goal of
sustainable agriculture is called Conservation Agriculture, which
combines several of the techniques discussed in this book (see
section 3.1)".

What is soil structure?

Soil structure describes the arrangement of the soil particles
themselves, and the spaces between them. It is determined by how
soil particles clump and bind together, and gives the pattern of soil
pores. Soil structure is very important for water and air movement,
biological activity, root growth and seedling emergence.

18



Soil Health

Organic /

matter

Woater

particles \

The combination of solids, water and air is critical for not only plant growth, but also
surface strength. © GWCT

How can we help preserve soil structure?

Natural soil structure is disrupted by ploughing, so reducing or
avoiding ploughing altogether helps preserve structure. Cover
crops can be beneficial for soil structure, as can adding more
organic matter to the soil.

What is organic matter?

“Organic matter” comes from living plants and creatures, so “Soil
Organic Matter” is that part of the soil that is made up of dead or
decaying plants or animals and dead or live microorganisms such
as bacteria and fungi. Compost is organic matter, and is often used
to improve garden soils.

Is it important?
Extremely. Organic matter is key for the storage of nutrients

and improves fertility, as well as helping with aeration and good
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structure. Organic matter also affects the speed with which water
filters through the soil, and increases the amount of water it can
store'®. For every 1% increase in organic matter, the soil can hold
over 200,000 more litres of water per hectare®.

How much should there be?

Different soils have very different amounts of organic matter - for
example, peat is almost entirely organic. For good crop growth as
well as good soil function, a guide is around 4-5% organic matter,
but this does depend on soil type.

How much is there?

In baseline monitoring around the Allerton Project as part of
the Water Friendly Farming study (discussed in section 3.2), soil
organic matter varied between a low value of 2% and a healthy
value of 5%, but with most at the lower end of the range.

What can we do to increase organic matter?

Incorporate more! For example, cover crops that are returned to
the soil in the spring can help, as can including a grass phase in
the rotation, as well as adding organic material such as livestock
manure, slurry, or the bio-fertiliser that can be produced from
biodegradable processing of green waste (biodigestate).

What reduces organic matter?

Continuous cultivation without enough time for the soil to recover
between phases can reduce organic matter, as can removing crop
residues such as cereal straw rather than allowing them to return
to the soil. Where crop residues are removed as fodder or bedding
for livestock, returning manure to the field will compensate.
Ploughing can also reduce the soil’s organic matter content.

Why does ploughing reduce organic matter?
Turning the soil over brings organic material from underground

up and into contact with the air, which allows it to break down
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more quickly®. This means not only that organic matter is lost
from the soil faster, but also more carbon is released into the air,
rather than being stored in the soil.

Don’t we need to plough for farming?

Not necessarily. Non-inversion tillage avoids or reduces ploughing.
The combination of very shallow cultivation and cover or mulching
with crop residue helps to add organic matter to the upper soil
layers. It improves soil structure and workability, reduces erosion
and leaching, improves water holding capacity and creates good
conditions for beneficial insects, fungi and earthworms (discussed
in section 2.1).

Are earthworms important for soil?

Yes, worms eat their own weight in organic material, soil
and minerals every day, making compost which enriches the
soil. Where soils are healthy, there can be a greater weight of
earthworms living below ground than the livestock grazing above
ground. Fields that have earthworm tunnels can absorb water four
to ten times faster than fields without worm tunnels, which may
be important for flood management. The benefits they can bring
to the farmer are shown by the finding that, in farming systems
with moderate nitrogen fertiliser use, where there is a healthy
earthworm population (more than 400 per square metre), there is
an increase in yields, compared areas without a healthy earthworm
population®'.

And ploughing affects earthworms?

Yes. Traditional ploughing turns the soil and its inhabitants upside
down, and this can greatly reduce earthworm numbers by damaging
the worms themselves, destroying their tunnels and making
them more vulnerable to predation. The impact on earthworm
populations depends on which cultivation system is used; less
intense soil disturbance is less harmful for earthworms*.
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Where soils are healthy, there can be a greater weight of earthworms living below ground than

the livestock grazing above ground. © GWCT
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Does reducing cultivation always help?

Ploughing can disrupt the soil structure, reduce soil microbes
and other animals such as earthworms, increase soil erosion and
cause loss of organic matter and nutrients. It is costly in labour,
time, energy and machinery. Cultivating with discs or tines, or
drilling directly into stubble can allow soil to recover its structure
and organic content and improve its function as an ecosystem.
However, not all soil and crops are suited to reduced or no-till
farming - it is important to assess local conditions, for example
reduced tillage or direct drilling is harder to implement on
clay soils. Ploughing can be a useful tool where black-grass is a
problem, because burying the seeds when the plough turns the soil
helps prevent it germinating. Reduced tillage and direct drilling
are discussed further in section 2.1.

For more guidance on reduced tillage or direct drilling, please see
our website: www.gwct.org.uk/soilandwater

What else can affect soil structure?

Compaction is another common problem on many agricultural
soils. Using heavy machinery, or over stocking with livestock, can
squash the soil’s air pores and spaces until the soil becomes packed
hard into a dense layer*.

What effect does compaction have on soil health?

When soil is compacted it loses some or all of its ability to absorb
water and air. This means that more water runs off its surface, it can
be more prone to erosion and crops may not be able to grow as well
because their roots cannot break through the hard-packed soil.
Compaction can happen at the surface, or deeper underground
below the level of the plough. Surface compaction can be remedied
fairly easily, but deeper, subsoil compaction can be a difficult issue
to address once it has happened®®.

23



1.2 SOIL EROSION

Soil erosion is a natural process, which occurs to some extent even
in environments that are free of human influence. Soil particles
are mobilised by water and wind, and these processes have shaped
the world around us for millennia. However, man’s activities have
accelerated the process enormously, to the extent that soil loss
and its deposition elsewhere are a real problem in many areas of
the world. Most soil erosion on UK farmland happens through
being washed away by water, into water courses such as streams
and rivers.

How much of a problem is soil erosion?

Erosion rates differ widely across the country - depending on the
landscape, soil type and land management. In some areas, it is a
big problem. The amount of suspended sediment in surface runoft

24
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Soil Erosion

water in the UK can be as much as eight grams per litre”. This is
around one and a half teaspoons in each litre of water. Given the
large amounts of water that can pass through a field each winter, a
lot of soil can be washed away.

Is erosion a problem for the farm?
Yes. Soil is an essential, and non-replaceable resource. The loss of
soil from fields by erosion gradually reduces the depth of topsoil
remaining, and this process reduces soil productivity. The on-farm
effects of soil erosion in the UK are:

. Loss of soil fertility: fertility and productivity of eroded
land are reduced. More fertiliser is needed to compensate
for yield losses.

. Changes in crop yields: water erosion typically affects
crop production through a decrease in plant rooting
depth, as well as a removal of plant nutrients and organic
matter.

. Water erosion can lead to uprooting of plants and/or
trees locally, together with dissection of the terrain by
rills and gullies®.

Is erosion a problem away from the farm?

Yes. Although soil loss can be serious for farms, the effects of
erosion are often more severe at the site where the soil is deposited,
rather than the site it is eroded from.

What can the off-site effects be?

The downstream effects can include: mud deposits after flood
events, ecological damage in rivers and the need for dredging
drainage channels to reduce flood risk, as well as wider impacts
such as loss of carbon storage. The fact that the heaviest impacts
of erosion are often felt in other locations is one reason that this
problem is not being prioritised.
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How much soil is eroded?

In 2000, the Soil Survey and Land Research Centre estimated that
around 2.2 million tonnes of arable topsoil are eroded by water
each year in the UK'. Other estimates range up to 2.9 million
tonnes per year?”. Across the UK, erosion estimates range from
less than a tonne per hectare per year for most agricultural fields,
to over twenty tonnes per hectare per year®. The rate is different
in different places depending on land use and soil type, but in our
Water Friendly Farming study area, we estimate that around half a
tonne of soil is lost per hectare, per year®.

Can erosion be reduced?

Yes. Techniques to reduce erosion are well established - in a review
from 2011 it was stated that “management practices to control or
decrease erosion are well documented and demonstrated to be
effective - yet they are frequently not applied. Although methods
suited to local conditions are still being developed, it is the
adoption of erosion control methods rather than their availability
that is lacking””>. A wide variety of erosion mitigation measures
are available and have been studied, many of which can show real
benefits. However, their effectiveness is highly dependent on local
circumstances - for example soil type, slope, climate and crop®.
The mitigation measures we have studied at the Allerton Project
will be explored in more detail in section 2.
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Sediment is soil that is washed from the fields into watercourses.
It carries other things with it, such as nutrients and chemicals, but
is also a pollutant in its own right, reducing the available light and
oxygen levels. When sediment is high in streams and rivers it can
settle out when the water flow slows downstream, and be deposited
as silt on the bottom of the watercourse. Not only is this a loss for
the field, it can be harmful for the stream, river or lake it ends up in.

How does eroded soil get into waterways?

There are two main routes for soil to get into water courses -
surface runoff, where the water runs over the ground and into
ditches or streams, or sub-surface flow, normally from field drains,
which also run into ditches or streams™.

27



The Soil and Water Balance

How much sediment travels via field drains compared to

surface runoff?

There are not many studieslookingat this, butit seems that, although
surface runoff usually has a higher sediment concentration, much
more water travels through the field drain network, meaning that
most sediment actually comes through field drains. It is more
dilute and has a smaller particle size, but there is a lot more of
it. One study found that forty times more water came through
field drains than surface runoff, carrying twenty times as much
sediment overall®.

Can sediment cause problems when it gets into waterways?

Yes. High levels of sediment can make rivers cloudy, which reduces
the amount of light that enters the water, and how far it can
penetrate. This can affect the plants and animals that live there,
and change the ecosystem®”'.

Field Drains

There are several kinds of field drains, which are buried, at various
depths usually between around 0.75m and 1.5m under the surface,
depending on the soil type and landscape®. They can be clay or
plastic pipes, with holes pierced along them to allow water to enter,
they can be gravel filled, or they can simply be tunnels through
the soil itself (‘mole drains’). A network of field drains connects
underground to cover the whole field, and discharges water into a
ditch or stream at the bottom of a field*.

It is thought that around 40% of lowland agricultural areas in
the UK are under-drained in some way”. Field drains are used
more on heavy clay soils, in arable areas. All the arable fields at
Loddington, and in our Water Friendly Farming project study
area, are under-drained.
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How does sediment affect river ecosystems?

High levels of sediment in rivers can be harmful to aquatic
invertebrates. These are small creatures that live in water such as
insects, plankton, the larvae of many different species, worms and
water snails. Invertebrates are critical as the building blocks of the
ecosystem — they provide the food for many larger animals as well
as consuming debris such as leaves. It is well known that they are
affected by increased sediment, for example, many are filter feeders
and their feeding structures can become clogged up with sediment
so they cannot feed efficiently®>. Lots of invertebrate species live
on the bottom of river beds, and can become buried by deposits
of sediment and algae (which is increased by the extra nutrients
transported to the river by sediment).

What effect can sediment have on fish?

Sediment deposits on the gravel beds of rivers can clog and compact
the gravel that fish spawn in. Fine silt particles can smother fish eggs,
reduce water flow through the gravel bed and reduce the available
oxygen®. Sediment also reduces the available spaces between gravel
and cobbles, which young fish use to save energy by keeping out of
the main river flow, as well as to hide from predators.

What effect does this have?

Breeding success for salmonids (the fish family that includes
salmon and trout) is lower in spawning sites with high levels of fine
sediment. This is for two reasons; firstly sediment can block the
spaces between gravel where eggs are laid, and interrupt the water
flow over the eggs, which reduces their oxygen supply. Secondly,
depending on the organic content of the sediment, the sediment
itself can use oxygen from the water, which further reduces its
availability to eggs>°.

Does this have an effect on the overall population?
It is generally accepted that increased levels of fine sediment in

rivers has impacted breeding success, early mortality and many
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other aspects of biology and behaviour for some fish species®. For
example, for those that feed by sight, foraging for food is harder
in a murky river. We know that sediment contributes to poor egg
survival, but because of the complex interaction of lots of factors,
it has not been conclusively shown that sediment has reduced
salmonid populations overall.

River Frome Salmon numbers
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The long-term annual data on adult salmon numbers 1973-2016.
Visit www.gwct.org.uk/fishing for more information.

What can we do to help?

In this situation, prevention is certainly better than cure. Reducing
soil erosion from agricultural soils is much easier than cleaning
up rivers. Some farming practices, for example allowing livestock
direct access to river banks, have been shown to increase erosion.
GWCT research has shown that fencing river banks in areas with
predominantly livestock farming can reduce erosion and increase
river bank vegetation®*.
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Can we clean up silted streams?

Gravel cleaning is a technique used by some to remove sediment
that has already settled on the gravel bed. It can improve the local
conditions for spawning®, at the cost of a temporary reduction
in some other aquatic species®. If the original cause of the
sedimentation is an ongoing problem, the river bed will likely silt
up again over time.

How is gravel cleaning done?

The most effective way of gravel cleaning uses a high pressure
hose to spray a jet of water into the river bed, which disturbs the
sediment, allowing it to wash downstream.

Does this help?

It can help locally, removing sediment enough for salmonid egg
survival to be higher in the two years afterwards, but the river
gradually silts up again, and survival drops by the third year®. The
need for gravel to be cleaned is a sign that there is an underlying
problem with erosion and sediment. Although gravel washing can
help temporarily, it is not a substitute for reducing erosion in the
long term.

What other effects are caused by sediment?

Silting in rivers and lakes can cause economic problems as well as
ecological ones. It can also disrupt river flow, with consequences
for flooding, and the river must be dredged. When high levels of
sediment are found in streams this also shows that agricultural soil
erosion is happening, which reduces both farm productivity and
the water storage capacity of the landscape. The amount of water
held in reservoirs for drinking water supply can also be reduced by
sediment deposits, and sediment can transport other pollutants to
the water’.

What other pollutants can it carry?
Sediment can carrymany things into the water course with it, including
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toxic metals, pathogens, nutrients, veterinary medicines and some
pesticides, for example the weed killers propyzamide and glyphosate,
and the active ingredient of some slug pellets, metaldehyde®.

What effects can nutrients have?

Nutrients can have a large effect on surface waters, with high levels
causing excess growth of aquatic plants. This may lead to toxic
algal blooms, deoxygenation of water, and fish deaths®. This is
discussed in section 2.4.

The images above show the condition of the Trenant Brook before and after gravel
washing in 2017 © GWCT
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Where does most sediment come from?

There are many sources of sediment across the countryside, but it
is thought that up to 75% of the total amount of sediment carried
into surface waters courses comes from agriculture'**'. Perhaps
this is to be expected, as 75% of the UK is farmland, but it is
important to identify the sources, and try to reduce this movement
of soil from fields to rivers. Both because farmers need the soil on
their fields, and because sediment can cause damage elsewhere.

This satellite photograph of Great Britain shows soil escaping our rivers and into the sea.

© NERC Satellite Receiving Station, Dundee University, Scotland www.sat.dundee.ac.uk
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1.4 NUTRIENT CONTAMINATION OF WATER

Although we tend to think of nutrients as being beneficial, they are
naturally found at fairly low levels in fresh water. Human activities,
like adding fertiliser to soil, can raise these levels. This process is
called “eutrophication”. It can be harmful to fish and other aquatic
creatures, and is one of many forms of pollution.

When nutrient levels are raised, ponds and lakes can become choked
with algae or blanket weed which smothers the natural species.

Which nutrients can cause these problems?

Nitrogen and phosphorus are the main nutrients we are concerned
by, both because of drinking water contamination (which is covered
by the Nitrates Directive) and the excessive growth of plant life
they can cause - which can dramatically disrupt the ecosystem.
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What does this mean?

Just as adding nutrients to the soil helps plants to grow on land,
increased levels of nutrients in the water can allow increased plant
growth, or excessive algae growth. Water can become cloudy from
the algae, and sunlight cannot reach submerged plants. When
plants and algae then die and decompose, the decomposition
process uses oxygen from the water, reducing the oxygen available
for other species. Without enough dissolved oxygen in the water,
fish and other organisms can’t survive. This disrupts the normal
balance, and can lead to changes such as algal blooms and
acidification of the water, where other species suffer. This process
can occur locally, or much further downstream leading to degraded
estuaries, lakes and reservoirs.

How does phosphorus get into the water system?

Phosphorus comes mainly from fertiliser, manure and sewage.
Phosphorus is a useful example of the close link between soil and
water management, as one of its forms — phosphates - binds very
tightly to soil particles, and is therefore mainly transported to
water courses by erosion.

What forms are there?

Phosphorus is usually thought of in two categories - that which
is bound to sediment particles, particulate phosphorus, and that
which is dissolved in the water itself. The soluble forms tend to
be more “bioavailable”, meaning that plants can access it, and use
it. This type of available phosphorus may have more impact than
the phosphorus that is carried with the sediment from fields. For
example, phosphorus can get into water from sewage treatment
plants, septic tanks, and farmyards or animal manure, and this
tends to be in a much more bioavailable form than particulate
phosphorus. This is an important area of research that is ongoing.
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Has this been researched by the Allerton Project?

Yes, the Allerton Project was part of a collaboration looking at
phosphorus in the streams that run through farmland. Along with
sites in Hereford and Hampshire, the river Welland was extensively
studied in the five-year Defra funded PARIS study (Phosphorus
from Agriculture: Riverine Impacts Study)>*%,

What did PARIS find?

PARIS showed that in terms of the total amount of phosphorus of
all forms across the year in the study catchments, agriculture was
the main source, being responsible for 67-99%*. However, other
sources were also important. For example, phosphorus coming
from farmland is highest in winter - when storms wash sediment
and phosphorus from fields. Other sources such as domestic septic
tanks, waste water from buildings, animal waste from farmyards
and sewage works (called “point” sources) discharge phosphorus
more steadily throughout the year, even though the total annual
amount is lower>*>*,

Is this important?

It is very important, because during the spring, summer and early
autumn, when ecosystems are more sensitive to nutrient changes,
most phosphorus is coming from domestic sources. In fact, they
are the main source of phosphorus for more of the year than
farmed land. This is an important discovery of our research.

What sort of phosphorus comes from these sources?

Most phosphorus from animal and human waste is in a dissolved,
bioavailable form - approximately 90% of the phosphorus in
septic tank effluent entering streams was bioavailable in the PARIS
project®. The phosphorus coming from farmland was found to be
10-20% bioavailable, with most of it particulate bound*.
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Does this mean that we shouldn’t worry about phosphorus
attached to sediment?

No. It is important, but the picture is very complex. Sediment itself
can be harmful. We need the soil to remain on the fields, and when
eroded it can carry other substances that we should strive to keep
out of rivers. The PARIS project concentrated on streams, where
water flows quickly. Further downstream, larger rivers flow more
slowly and sediment may be even more likely to settle out, so it is
possible that the effect of sediment and phosphorus from farmland
may in fact be felt more keenly further away.

Does it mean that phosphorus from farming is not important?
No, not at all. For example, PARIS also showed that livestock
farming on clay soils near to water courses can lead to the highest
phosphorus concentrations. It is important to reduce pollution from
farmland as far as possible, but it is also important to recognise other
sources that might be damaging and reduce these as well®.

What can be done about point sources?

Many septic tanks are old, not well maintained, and emptied too
infrequently, therefore releasing more pollution than they shouldé.
A report to Natural England in 2010 found that 80% of septic tanks
are probably working inefficiently®. Each individual one may not
contribute very much, but overall their contribution to pollution is
likely to be much larger than we had realised. For large settlements,
sewage treatment works have improved in recent years with respect
to nutrient losses, although more can be done, and in small rural
settlements, phosphorus discharges can be substantial®.

What about nitrogen?

Nitrogen is often added to soil in the form of fertilisers to help
crops grow in the spring or summer, but any excess which remains
can later be leached away to water courses when the heavier rains
of winter fall on bare soil. Farming is the main source of nitrogen
pollution in waterways, and efforts should be made to reduce
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nitrogen discharge. Much of England has have been designated
as “Nitrate Vulnerable Zones” (NVZs), with the aim of reducing
nitrate loss from agriculture.

Does all nutrient pollution come from farming?
No, but it is a major source. Agriculture is thought to contribute 70%
of the nitrogen and 28% of the phosphorus load to UK waters’.

How widespread a problem is nitrogen pollution?

It had long been thought that nitrogen was less of a concern than
phosphorus in water bodies, however evidence now suggests that
it is more important than we realised. Despite a long-term, gradual
decrease in stream nitrogen concentrations, nitrogen is still more
widely present than phosphorus in water bodies. Up to 95% of
water bodies in the UK have raised levels of nitrogen and most
streams in agricultural areas have nitrogen levels high enough to
be considered ecologically damaging, even though they may be
below the drinking water limit**.

What is a Nitrate Vulnerable Zone?

An area where nitrate might exceed the limit set for water, which is
50mg per litre. This can be for groundwater, surface water or where
bodies of water may become eutrophic.

Why is the limit set at 50mg/1?

The evidence for the limitis not clear, and several groups have expressed
concerns about this. Natural England suggested to an investigation
by the House of Commons Environmental, Food and Rural Affairs
Committee in 2008 that the limit had no ecological relevance.

How does being in an NVZ affect farming?

To try and reduce nitrate pollution, there are extra rules about
how farmers can use and store nitrogen-based fertilisers, manures,
slurry etc. Farmers must produce a plan of fertiliser use, and keep
their usage of nitrogen within strict limits. They need to consider the
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risks of run-off contaminating water, how much nitrogen their crops
need, how much is in the soil and how much will be added in the
fertiliser/manure/slurry. There are strict restrictions about where
nitrogen cannot be added - for example, within 2 metres of a water
course or established hedge, as well as periods in the year when
different kinds of fertiliser must not be spread. Detailed records
must be kept of all nitrogen use for 5 years, and may be inspected.

What governs water quality in the UK?

The EU’s Water Framework Directive (WFD) currently governs
much of the work in managing and protecting our rivers, lakes,
coastal waters and estuaries.

What does the Water Framework Directive say?

The WFD was introduced in 2000, and aimed for all surface and
ground water to be in “good” chemical and ecological condition
by 2015. It provides a framework for all EU countries to improve
water quality, and although this aim was not achieved by 2015, the
WED and other measures such as the Groundwater Directive and
the Nitrate Directive are thought to have had a positive impact on
water across the EU*.

Is UK water clean?

Most water bodies in lowland UK have raised levels of phosphorus,
nitrogen or both, but pockets of clean water do remain. Baseline
measurements taken by the Freshwater Habitats Trust at the
beginning of our Water Friendly Farming project (described in
section 3.2) showed that on average only 7% of water bodies would
be thought of as “clean” in terms of nutrients*. This project was
carried out in a lowland agricultural landscape in Leicestershire,
typical of large areas of the country. This highlights the work that
needs to be done in such environments, but a higher fraction of
water bodies are still clean in other areas of the UK, particularly
those less affected by farming, effluents from sewage works and
runoff from urban areas.
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Most water bodies in the UK have raised levels of phosphorus, nitrogen or both, but pockets of clean
water do remain. © GWCT
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Finding Solutions

2. FINDING SOLUTIONS

Problems with soil health, soil function, and water quality are
widespread, and it is imperative that we do our best to reduce the
effects we are having on these essential resources. Many approaches
have been suggested and trialled, and we concentrate here on those
that we have studied at the GWCT’s Allerton Project.

Reduced tillage can reduce erosion, particularly where soils are prone to it. © GWCT
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2.1 REDUCED OR NO-TILL FARMING S
<
Used to: ©
. Reduce crop establishment costs
. Reduce erosion
. Improve soil structure
. Increase organic matter
. Retain nutrients

What is reduced or no-tillage?

Tillage is preparing the ground for growing crops, and is traditionally
done with a plough. Conservation tillage uses either no ploughing,
with direct planting of seeds into the residue from the previous
crop, or non-inversion (reduced) cultivation where ground is not
turned over, and preparation is kept to a minimum. The surface
can be scratched with tines or discs, rather than turning over with a
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traditional plough.

What does tillage do?

Tillage prepares the ground for sowing seed, by breaking up the
soil and turning it over. This provides a clean, fine tilth for sowing
into. Turning over with the plough also buries the seeds of some
weed species, making it harder for them to germinate which helps
with weed control. It gives the crops an edge over the weeds in the
competition for growth.

Why do we not want to do these things?

Turning over the soil also comes with disadvantages: it can damage
soil structure, expose the soil to erosion, reduce organic matter in
soil, and reduce the number of earthworms, other soil creatures and
microbes®*~#, Although ploughing is often helpful to the farmer
in the short term, these things that are damaged by ploughing are
important for healthy functioning of the soil in the long term.

Why is this important?

Sustainability in farming is becoming more and more important.
Many soils are gradually degrading after decades of cultivation,
and this is having an impact not only on farming but also on the
environment more widely. Looking after our soils, and therefore our
water quality and water courses, is an essential part of farming for
the future.

Can reduced or no-tillage help?

Many studies have looked at reduced or no-till farming across
the world in recent decades, and many advantages have been
shown including; increased earthworm abundance, improved soil
structure, reduced erosion, lower nutrient losses and reduced crop
establishment costs>**#7432,

What effect does this have on the farming system?
No-till is a different approach, that will take some time to adjust
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to. For example, drilling directly into crop residue is not as easy
as drilling into a ploughed field, conditions need to be right, and
machinery may need to be adjusted accordingly. As ploughing
can help control some weeds, weed pressure can be higher in the
transition period to no-till farming, with an increased reliance on
herbicides for control. However, no-till brings many benefits that
can offset these challenges.

Are yields affected?

For some crops, yields are lower initially with reduced tillage.
Reduced tillage is also not suitable for all soil types and climates
- it tends to be more beneficial on sandy or loamy soils than clay.
However, a large study looking at the effect of tillage on yields across
Europe concluded that, because costs were lower (mostly because
of lower fuel bills and labour costs), reduced tillage was on average
more profitable despite reduced yields for maize and winter crops.
Reduced tillage gave 4.5% lower yields, and no-till 8.5% lower™.

Has reduced tillage been studied by the Allerton Project?

Yes. the Allerton Project was involved in a large international research
project called the SOil and WAter Protection project (SOWAP),
which set out to compare the traditional ploughing approach to
conservation tillage (CT). Conservation tillage is the minimum soil
disturbance required to establish a crop, and can refer to a range of
different techniques but in most cases discs or tines were used to
cultivate the soil before planting.

What did SOWAP look at?

SOWAP looked at the environmental impacts of conservation tillage
on a broad scale, including soil quality, soil microbes, earthworms,
soil porosity, erosion and water quality, as well as crop yields and
overall economic performance.

What did SOWAP find?
SOWAP clearly showed that reduced tillage can reduce erosion,
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particularly where soils are prone to it. On some reduced tillage
plots, surface runoff was lower by 90%, and on some sites that were
prone to it, erosion dropped by up to 95%*.

In general, reduced tillage also reduced water runoft, soil erosion, loss
of nutrients and carbon loss from the majority of plots in which it was
implemented. It was also shown to decrease nitrogen losses, and in
some cases phosphorus losses, but this was not as consistent'®*,

Higher levels of soil nitrogen were found on reduced tillage plots
than conventional tillage plots, perhaps because nitrogen is held
in the soil better, rather than being washed away. The results were
heavily influenced by soil type, with reduced tillage being more
beneficial on lighter, sandier soils. An increase in organic carbon
content, and increased soil moisture content in reduced tillage soils
were also shown*>®. Reduced tillage created a better environment
for earthworms than conventional ploughing'®.

Skylarks per 100 ha
o
L

Ploughed Conservation tillage

Average number of skylarks seen per visit to UK winter crops cultivated with conventional
ploughing or conservation tillage during January-March. Birds were surveyed monthly,
over a three year period, on between seven and nine farms. From Conservation Agriculture
in Europe. SOWAP. 2006"%, adapted from Cunningham et al, 2005%. © GWCT
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The increased ground cover caused by reduced tillage provided an extended nesting
period for skylarks © David Mason

What effect does reduced tillage have for biodiversity?
SOWAP studied the effect of reduced tillage on biodiversity and
found many benefits®, including:

. Increased ground cover was helpful for ground-nesting
birds. For example, extending the nesting period for
skylarks™

. More diversity in cropping gave a wider range of feeding
and nesting opportunities for birds'®

. More weed seeds and grain were left on the soil surface,
which can help feed animals in winter®

. Ploughing reduces the number of earthworms in the soil,
so not ploughing allowed them to recover and increase®

. A wider range and abundance of soil microbes compared
to conventional tillage®”

. Reduced sediment and nutrient loads entering water

courses was better for aquatic life*®
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Is reduced tillage widely practiced?

The amount of land that is traditionally ploughed is gradually
falling. In Europe as a whole, about 15% of arable land is thought to
be under conservation tillage, with less than 1% in no-till and 14%
minimally tilled (where non-inversion tillage is carried out with
discs or tines). In the UK this is higher: in 2006 almost half of all
arable land was under conservation tillage, and 3% under no-till*®.
It has been adopted more rapidly and more widely in the Americas
than in Europe, but it seems to be rising across the world.

30
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Earthworm biomass (g/m?)

07-

Ploughed Conservation tillage

Average earthworm biomass from plots either ploughed or under conservation tillage

in Hungary. From Conservation Agriculture in Europe. SOWAP. 2006"
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2.2 COVER CROPS

Used to:
. Reduce erosion
. Improve soil structure
. Retain nutrients
. Increase organic matter
What are cover crops?

Cover crops are planted to protect the soil between the harvest of
one crop and planting of the next, when the soil would otherwise be
left fallow or bare. This can either be for a short period in summer
(around 2 months), or 6-8 months over the autumn/winter prior to a
spring crop®.
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Why are cover crops used?

Cover crops can protect the soil, reduce erosion from wind and water,
improve soil structure and take up nutrients, reducing their leaching
from the soil®"**. Our own research at the Allerton Project shows that
some cover crop species can suppress weeds in winter, and carry this
benefit through to reduce weeds in the following crop®.

How do cover crops affect nutrient loss?

Cover crops take up nutrients through the winter, capturing them
and holding them within the plants. These can then be returned
to the soil as “green manure” in time for the planting of crops in
spring. These nutrients are then available for the spring crop just as
the seeds germinate, rather than being lost from the soil to streams
over the winter. This can retain nutrients, particularly nitrogen,
cycling it within the field and reducing the amount which leaches
away from the bare soil over winter.

How do they reduce erosion?

Cover crops give a protective layer over the soil, rather than
leaving it bare. This absorbs some of the force that rain drops have
when they hit the surface (rain splash erosion), and shelters the
soil. Cover crops are also thought to improve soil structure, which
makes soil more resistant to erosion.

Has the Allerton Project looked at cover crops?

Yes. As part of the Sustainable Intensification research Platform
(SIP), we were part of a series of Defra studies aiming to identify
and develop farm management techniques to help improve the
sustainability of agriculture®.

What did we study?

At the Allerton Project, we compared different species of cover
crops to each other, and to bare stubble, for their effect on soil
health, earthworms, weed burden over winter, and weed burden
and yield in the following crop. The soils at the Allerton Project
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are a heavy clay, where the benefits of cover crops are thought to be
smaller than on other soils.

What did it show?

It showed that cover crops could be used over winter without
harming the following crop, and in fact some species of cover
crops can benefit the crop that is grown afterwards®.

How do they help?

Fields planted with certain species of cover crops had fewer weeds
in winter and there were fewer weeds and a higher yield in the
spring-sown crop that followed. They can also have subtle effects
on soil chemistry, biology and structure; for example some crops
had increased earthworm numbers®.

How do cover crops suppress weeds?

They compete for the same resources that weeds need. For example,
when the cover crop has germinated and is providing ground
cover, it is also blocking some of the light that weed seedlings
would otherwise be able to use.

Do all cover crops have these effects?

No, it is important to choose the species carefully so that it suits
your environment, soil type and aims. On the clay soil at Allerton,
the SIP showed that a cover crop mix of 4:1 oats to radish reduced
the number of weeds over winter, that earthworms increased with
radish cover crops, and phospohorus levels increased with phacelia
or vetch%®,

What species are used for cover crops?

A range of species can be used, including legumes (peas, beans etc),
cereals and brassicas. Different species perform different roles,
including capturing nitrogen from the atmosphere, capturing and
mobilising phosphorus and improving soil physical structure.
They have different rooting structures, grow at different rates and
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s0 on, so the choice of species depends on the task that is required.
A mix can be more beneficial than a single species, for example,
oat, radish and phacelia.

Are cover crops always helpful?

Not necessarily, it depends what the farmer wants to use them
for. The benefits can also be different on different soil types - for
example, on clay soils there is usually a less pronounced effect. A
good knowledge of how and when to use cover crops and which
species to plant is essential to make best use of the benefits they can
give. Cover crops are a fairly recent addition to the farming toolkit,
and many farmers have reported possible benefits of incorporating
them. Some of these are confirmed by scientific research and others
are still under investigation, but overall it seems that cover crops
may have much to offer in the right conditions.

Are there drawbacks to using cover crops?

Cover crops can slow the warming of the soil in spring, as they
shade the surface from the sun. Also, there are costs associated
with buying and drilling the seed. Where managed correctly, in
the right conditions, these are usually offset by the benefits, but
this highlights why increased knowledge and planning is required
when adopting a new technique.
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2.3 TRAMLINE MANAGEMENT S
<)
Used to: ©
. Reduce runoff
. Reduce erosion
. Reduce nutrient loss

How can we help to reduce surface runoff?

One of the studies the Allerton Project has been involved in was
called MOPS - Mitigation Options for Phosphorus and Sediment.
One of the many important findings was that most of the soil being
carried away over the surface of a field comes from the tramlines®.

Why do tramlines contribute to soil erosion?
They provide an easy route for surface water to run along, carrying

with it eroded soil, rather than the water soaking into the surface.
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In the MOPS project, significantly more water, sediment and
phosphorus ran off areas of a field with tramlines, compared to
areas without. Across the three farms that were part of the project,
there was between two and 200 times more sediment coming from
study plots with tramlines, than from plots without. At the Allerton
Project, runoff from tramline plots was three times higher than
that from plots without tramlines®, and 80% of sediment came
from areas of the field with tramlines®.

© GWCT

Tramlines

Tramlines are the compacted, unseeded tyre tracks
that tractors drive along in fields. They act as a guide
for farmers to ensure that the whole crop is evenly and
efficiently treated, whilst minimizing crop damage
from tractor wheels.
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What can we do to reduce this?

MOPS tested different ways to reduce surface runoff and erosion,
and found several options, with the best depending on the location
of the farm and field.

Contour cultivation, which means planting and managing your
fields across the slope rather than up-and-down the slope, is
very effective for reducing erosion, especially on clay soils with a
moderate slope. If the slope is shallow enough, this change has no
effect on income, but can dramatically reduce runoft and erosion
(a suitable slope is less than around 5 degrees - a general guide is
that at this angle, a ball does not roll down the slope). However, in
most landscapes there are few suitable fields, as most fields slope
in different directions and the tramlines cannot follow the slope
all the way across the field. The project also found an association
between beetle banks along the contour and lower rates of erosion,
but this also needs to follow an even slope to be effective, and has
the same problem where slopes are complex®.

What if you can’t cultivate across the slope?

If the slope is too steep, slopes in many directions, or it doesn’t suit
your field for other reasons, there are alternatives. At sites with
sandy or silty loam soils, using tines to disrupt the surface of the
soil on tramlines allowed water to soak in, and was the best way of
reducing tramline runoff and erosion®. Reduced or no-till farming
are of increasing interest for many reasons, including lower erosion
and runoff than traditional cultivations as well as improved soil
health and reduced nutrient loss.

Following the initial findings from MOPS, a five-year Defra
funded tramlines project was started at the Allerton Project and
three other sites across the UK to look at the best ways to reduce
runoff, erosion and nutrient loss from tramlines.
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© GWCT

Beetle Banks

A beetle bank is a raised strip running across the field,
around 2m wide and 0.5m high, disconnected from the
field edge to allow normal agricultural operations. It
is planted with a range of tussocky grasses, to provide
cover and shelter for wildlife. They are beneficial for
integrated pest control, allowing pest eating insects
over-winter shelter away from the field edge, have
advantages for biodiversity and are supported by agri-
environment schemes.

What did the tramlines research study?
This study focussed on how to adjust practices for autumn spraying.
Driving along tramlines at this time of year, when soils are wet and
easy to compact, can contribute the most to runoff, soil erosion
and phosphate losses. The tramlines study looked at and compared
tramlines from conventional tyres with:
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L. Low pressure tyres, inflated to around half the pressure
normally used in agricultural vehicles. These spread the
load and reduce compaction, making it easier for water
to soak in, rather than runoff (tyres used were Michelin
Agribib and Xeobib agricultural tyres).

2. A rotary harrow attached to the tractor to break up the
surface tramlines behind the wheels after the tractor
passes.

3. A “surface profiler”, which disrupts the soil in tramlines,

and then shapes it so that the soil is raised in a curved
shape behind the tractor, rather than the usual gullies
that water can drain down. When water lands on this
raised ridge, it should run back into the cropped area
and soak in, rather than running down the tramlines and
away, carrying soil with it.

4. Drilling (planting) tramlines, rather than leaving them
bare. Autumn spraying operations were then guided
with GPS, rather than following the tramlines to guide

spraying.

What did it show?

Opverall, options 1-3 could be effective. Drilling tramlines did not
seem to help. Surface runoft can be reduced by up to 75% using
low pressure tyres, 95% using a rotary harrow, and 85% using a
surface profiler®.

Were these results consistent?

Results varied at different sites because of different local conditions
such as soil type, slope, rainfall etc. Results also varied year-to-year.
For example, low rainfall in winter 2010/11 meant that sediment
and phosphate losses were low from the clay soils at the Allerton
Project, so no effect was seen from the tests that year, whereas
effects were seen at the other three sites and in other years.
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Which were the best?

The low-pressure tyres and rotary harrow were the most promising
techniques in years one and two of the study and were examined in
more detail, both separately and together, in year three (2011/12).
This was a much wetter year, and results showed that both were
helpful for reducing runoft, sediment and phosphorus loss, and
were even more effective when used together.

Computer modelling was used to predict which techniques would
be the most effective under different conditions. This showed
that the rotary harrow is best in all scenarios except for clay soils,
where the low-pressure tyres are more effective. However, both
approaches are very effective, each reducing sediment loss by more
than half compared to conventional techniques®.

Are these techniques expensive?

Low pressure tyres, also called “very flexible” tyres are more
expensive to buy than standard agricultural tyres, but they have
a longer expected lifespan. Taking both factors into account, they
can give a £2 per hectare saving on a 300-hectare farm. The rotary
harrow costs around £12 per hectare if only applied to 20% of a
300-hectare farm, but these costs are likely to fall as it is becoming
clear that they can also be used across other crop rotations. Some
Agri-Environment schemes now have capital grants available for
tramline management®.

Is tramline management the whole answer?

Tramline management is one tool that can be used to reduce erosion
and water runoff. Other options can be used in conjunction with
this, for example cover crops, in-field barriers or buffer strips®.
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2.4 IN-FIELD WETLANDS

© GWCT

Used to:
. Trap sediment
o Reduce nutrient transfer to streams

What are in-field wetlands?

In-field wetlands are unlined basins, excavated either in field margins
or other unproductive, naturally wet areas of the field. In a project
called MOPS2, three designs were tested to see if they could reduce
the sediment in water flowing off arable fields by slowing it down
and allowing the sediment to settle out before the water entered the
stream. Different designs were compared, including shallow wetlands,
deep wetlands and some arranged in pairs. Wetlands were placed so
that they could intercept water from different sources: surface runoff,
field drains, ditches and streams®’.
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What did MOPS2 show?

On the right soil type, in-field wetlands can effectively reduce
sediment in water. The concentration of sediment in water can be
up to 60% lower when it leaves a wetland than when it entered. The
effectiveness of wetlands is heavily influenced by local conditions,
particularly the type of soil. Wetlands work better at sandy soil sites
than clay soil sites such as Loddington where very little sediment
accumulated over the three years of the project®.

Why do they work better at sandy sites?

The particles in sandy soils are larger, and can settle out more quickly.
Clay soils are made up of very fine particles, which take a long time
to settle out, so field wetlands are much less effective in these areas.

How much sediment can they remove?

The total amount of sediment trapped was very different between
sites because of these soil type differences. However, at the Whinton
Hill site, 26 tonnes of sediment was trapped by a single wetland in
one year during 2009/10, which would otherwise have flowed into
local watercourses®.

Does MOPS2 agree with other research?

Yes. Defra published a thorough review of whether wetlands can
reduce agricultural pollution, and concluded “The overall finding
of the review was that all wetland types are very effective at
reducing major nutrients and suspended sediments”®. Despite the
finding by MOPS2 that they are less effective on clay, overall field
wetlands are a useful tool to reduce sedimentation.

Do on-farm wetlands have any other role?

Farmland has become a much drier place in recent decades, so we
thought that these wetlands could also be important for birds and
farmland biodiversity. We set up a separate Defra-funded research
project called “Wetting up Farmland for Biodiversity” to see if this
is the case.
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What did Wetting up Farmland for Biodiversity look at?

The project looked at different types of water feature in the farmed
landscape. The effect on farmland biodiversity was recorded by
counting the number of visits from birds, and the number of
aquatic insects that emerged at each feature throughout the year.

What did it show?

Dammed ditches and field corner paired ponds were wet all year
round, and had more visits from birds than the reference areas. A
wide variety of birds visited the sites, where they were seen drinking,
feeding, bathing and displaying territorial behaviours. The number
of insects emerging was also higher in dammed ditches, especially
those with more wet mud exposed and less shade®.

The creation of farmland ditches and ponds resulted in an increased number of visits from many
birds, including wren, tree sparrow, yellowhammer and dunnock. © Laurie Campbel/ GWCT
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How much do in-field wetlands cost?

It is difficult to calculate a cost for each tonne of sediment
removed, because it depends on soil type, rainfall, location in the
country, and location within a farm. However, the costs of making
and maintaining the wetlands in this study were between £280 and
£3100 - low enough to be supported through an agri-environment
scheme, perhaps with capital payments for reducing sediment or
phosphorus pollution to water courses. Ongoing costs of dredging,
needed approximately every 4 years for dammed ditches, are
estimated at £10 per ditch per year”. The wetlands were placed on
field edges or unproductive areas, and therefore represent little loss
to agricultural production®.

The effectiveness of wetlands is heavily influenced by local conditions, particularly the type
of soil. © GWCT
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2.5 BUFFER STRIPS AND BARRIERS

Used to:
. Reduce sediment transfer to streams
o Reduce nutrient transfer to streams

The measures discussed above to reduce soil erosion will help to
keep soil on fields, and this will therefore reduce sediment in water
courses®. However, once soil has been eroded from fields and is
suspended in water, it is still possible to intercept the transport of

that sediment from the field into streams, for example with in-field
barriers and field-edge buffer strips.

What are barriers and buffer strips?
Anin-field barrier is a slightly raised strip along the contour of the slope,
planted with vegetation. One form of these, the beetle bank, is already
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funded by agri-environment schemes for the benefit of biodiversity
and becoming widely used. Positioning them along contours -
across the slope, rather than up and down, means they can also act
as a barrier for water and sediment. They slow the flow of water, and
give it more of a chance to soak into the ground, instead of running
quickly over the surface. A buffer strip is a vegetated area along the
lower edge of the fields and against a watercourse. These have been
shown to reduce sediment and nutrient losses from surface runoff,
as well as being good for biodiversity.

How wide are they?

Buffer strips along the edge of water courses must be a minimum of
2m wide to comply with “cross-compliance” regulations governing
basic farming techniques. These must be adhered to in order to
receive the basic farm payment. In-field barriers are generally a
similar width, but are raised to create a narrow ridge around 40cm
high. Modelling of Water Friendly Farming project data suggests
that wider buffer strips are more effective for reducing sediment®.

How effective are they?

Results from our work in the MOPSI project showed that at Allerton,
a beetle bank located along the field contour could reduce sediment
and phosphorus by 9-97%. This is a wide range, but shows that they
have the potential to be effective, at modest cost.

Do they have other benefits?

All the measures discussed above to reduce soil erosion and catch
sediment will also reduce phosphorus pollution, as phosphates are
carried into water courses bound to sediment?®. These features also
have important benefits for biodiversity on the farm, providing
habitat for invertebrates, birds and small mammals.
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Domestic impact: Septic Tank Systems

Many rural communities in the UK are not connected to main
sewage systems, and the majority of these rely on septic tank
systems (STS) to manage their sewage output. Many are old, and
as there is no registration system for them, their design, operation
and distribution are not known. In particular, soakaways are often
ineffective on clay soils, leading to direct discharge to watercourses.
A report to Natural England in 2010 estimated that over 80% of
septic tanks in the UK are probably not working efficiently®.

Although agriculture is often assumed to be the main source
of freshwater nutrient pollution, a study carried out by the
GWLCT, the University of Bangor and the Centre for Ecology and
Hydrology, looked at the effect of septic tanks on the streams they
discharge into. This showed that septic tanks should be a real
concern for water quality in rural areas. They deliver varying but
generally high concentrations of potentially toxic nutrients to the
stream network, especially in summer®.

It is very important that septic tanks are installed and maintained
correctly so that they function properly. The combined factors
of increasing rural populations and climate change are likely to
exacerbate these pressures on freshwater systems, and the impact
of septic tanks may increase.
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3. BRINGING IT TOGETHER

These individual techniques which address certain areas of concern
can be combined into broader farming systems which have soil health,
conservation and water quality at their heart. The use of several
principles together can magnify the advantages of these individual
techniques and lead to greater gains on a larger scale across the
countryside.

Monitoring soil quality is a vital tool in understanding the impact of different agricultural
practices © GWCT
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3.1

CONSERVATION AGRICULTURE

Conservation Agriculture (CA) is a combination of three principles:

. Reduced or no-tillage
. Permanent ground cover
. Crop rotation

CA is becoming increasingly more common in recent years,
particularly in the Americas, but also in Europe. There are many
suggested benefits of the approach, both for the farmer and for
the environment. Reduced tillage was discussed in section 2.1, but
the combination with two other important principles makes up the
broader approach of Conservation Agriculture.
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What is permanent ground cover?

Permanent ground cover is provided either by leaving crop residue
(such as stubble) from the previous harvest rather than ploughing
it in, or by planting green cover like cover crops for the purpose.
It protects the surface of the soil in winter from erosion, as well
as improving soil structure and organic matter. Crop residues
provide benefits including surface protection and addition of
organic matter, but cover crops can perform extra services such as
capturing nitrogen.

What is a good crop rotation?

Crop rotation is the cornerstone of sustainable farming, and
it means alternating the crop grown in one place, rather than
growing the same crop again and again on the same land. Growing
a minimum of four different crops in a cycle is usual - although
more would be better. It builds soil fertility and reduces pests
and diseases. Including livestock in the rotation is beneficial as it
recycles nutrients and organic matter to the soil. The crops within
a rotation will depend on local conditions, markets and prices, but
there are some broad principles:

. Crops that build soil fertility (e.g. peas/beans/clover
and grass) should be alternated with those that reduce
fertility (e.g. cereals, potatoes and sugar beet).

. The sequence of crops should be used to control grass
weeds in broad-leaf crops and broad-leaf weeds in
cereals.

. Keep insect pests under control by making sure no
single type or group of crops are grown in succession.

. A mixture of winter- and spring-sown crops is best.
Large blocks of a single crop should be avoided.

. Diverse crop rotations spread farm workload, reduce

the risk of poor incomes and minimise the impact of
any one crop on the environment.
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The mosaic of different crops gives more diversity for wildlife, and
some species benefit from the shifting pattern of crops from year to
year. Varied crop rotations can also help improve soil structure”.

What are the benefits of CA?

Suggested benefits include: reduced labour costs and reduced
fuel usage, with the associated environmental benefits. Retention
of crop residue at the surface (rather than ploughing it in), or
cover crops reduce soil erosion by protecting the soil, as well as
potentially providing winter food for birds. Less intense cultivation,
and leaving crop residue at the surface can improve soil organic
matter, and earthworm populations - whose activity can improve
the porosity and drainage of the soil*>*1*72-74,

Are these benefits well recognised?

Yes. Some of the early work into conservation agriculture, called
LIFE (Less Intensive Farming and Environment) study, ran from
1989 to 1994 and demonstrated reduced costs, as well as fertiliser
and herbicide inputs”. In 1998 the Integrated Arable Crop
Production Alliance produced a report looking at the forerunner
to conservation agriculture®, which concluded that integrated
farming with minimum tillage:

. Reduced energy inputs

. Reduced nitrogen losses

. Improved physical properties of soil

. Allowed different weed control strategies

. Reduced the risk of soil erosion

. Increased beneficial plants and animals (biodiversity)

. Reduced the time to sow a crop by 52 minutes per hectare

Since 1998, much more research has been done into the effects
of minimum/no tillage and conservation agriculture®', and one
study suggests that the benefits may be even greater when CA is
applied on a wider scale than the results of smaller experiments
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can show. The improvements seem to be scale-dependent - larger
areas under CA can give even larger improvements for soil erosion
and water runoft than smaller areas’.

How does CA save time?

Without ploughing, fewer passes across the field are needed,
meaning less labour and less diesel. In a comparison of seven
farms, five using non-inversion planting (CA), and two using a
traditional mouldboard plough, on average the non-plough farms
saved 52 minutes per hectare. This is equivalent to 6% weeks work
for a single man on a 300-hectare farm, with the accompanying
lower fuel usage®.

Why does CA reduce erosion?

For several reasons. We have observed at the Allerton Project that
when soil is ploughed to a fine tilth (small, regular grains ideal for
sowing crops), many small, free soil particles are formed, and these
can easily be washed away, making their way to the drains through
cracks in the soil. The reduced tillage component of CA eases
this problem, and increases microbial soil health and earthworm
abundance, which improves soil structure”. Cover crops reduce the
impact with which rainfall hits the soil surface and reduce runoff®’.

Can we restore degraded soil to a good condition?

Usually yes, although it takes time. Incorporating organic material
such as green manures and crop residues, introducing long crop
rotations including a grass phase, planting cover crops in winter
and reducing or eliminating ploughing, will help the soil to recover.

Does conservation agriculture have other effects on soil health?

Yes. SOWAP also provided strong evidence that soil microbes
are often found in higher numbers with CA, compared to a
conventional plough approach. The same kind of microbes are
found, but there are more of them. Importantly, results from
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SOWAP also suggested for the first time that improved microbial
communities in soil can reduce the likelihood of soil erosion and
improve moisture retention in summer?’.

Does this agree with other research?

Yes. It is widely accepted that no-till agriculture results in a better
balance of microbes and other organisms, and therefore a healthier
soil'”*"7 Tt is difficult to separate the effects of tillage alone from
the other important components of CA, as they are often practiced
together to give maximum benefits.

Is it easy to change to CA?

When planned properly it can be, but there can be pitfalls if the
transition is not well managed - cultivation cannot be thought of
in isolation, it is part of a greater management plan for the farm.
Therefore, if cultivation management changes, other associated
practices will need to be adjusted as well to match the new
approach. For more details on planning a conversion to CA, refer
to our website www.gwct.org.uk/soilandwater for useful resources.

Are there drawbacks to CA?

CA systems can have lower yields for some crops, and generally
have increased weed pressure, at least when first established. CA
is unsuitable for root crops and potatoes. Greater herbicide use
may be needed to control weeds in the early years of conversion
to CA, which often (but not always) eases as the new management
systems become established. Despite reduced yields for some
crops, operating costs are also reduced, therefore profit per hectare
is similar®. Crop residues on the surface can lead to increased
pressure from slugs, but there is evidence that sowing seed a little
deeper than usual (around 4cm) can help reduce slug damage”.
On a more general note, a conversion requires adaptability and
attention to detail, combined with a good understanding of soils
and technology, as well as a change in mindset.
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So is CA the right approach?

CA can have many benefits, but it is important to choose a
farming system that is suitable for local conditions, crops and
climate. For example, adopting conservation agriculture on clay
soils can be challenging.

Conservation Agriculture: Pros and Cons

Benefits:

. Improved soil structure

. Reduced water runoft

. Reduced erosion

. Improved soil biodiversity

. Increased number of earthworms

. Benefits to farmland birds

. Reduced fuel costs

. Reduced labour costs

Drawbacks:

. Planning a conversion - whole farm
management approach that needs careful
thought

. Increased pressure from weeds, especially
reported in the early years after conversion

. Therefore, possible increased dependence
on and cost of herbicides

. Yields of some crops are lower, although
usually more than offset by reduced inputs

. CA is not always a suitable approach, and

this is heavily affected by soil type
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3.2 WATER FRIENDLY FARMING

The Water Friendly Farming project was designed to bring together
the strands of knowledge described in this book, gained from many
individual studies, applying it on a larger scale across the landscape,
and investigate its effectiveness. It looks at a range of mitigation
measures to reduce the impact of rural land use on ponds, streams and
rivers, whilst not impacting the profitability of the farming business.

What is being done in Water Friendly Farming?

Water Friendly Farming is a large study conducted over three
catchment areas in Leicestershire. They are all around 10km? in
size, contain similar farming systems, soil types and landscape, and
are drained by the Barkby Brook, the Eye Brook and the Stonton
Brook. The study area is typical of a large part of the UK lowland
farmed environment.
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The Water Friendly Farming project is being conducted over three catchment areas
in Leicestershire © GWCT

Why are there three study areas?

The Barkby Brook area was included for reference, where
management was not changed. The other two catchments
introduced methods to reduce the impacts of farming on water
quality. These were designed to hold back sediments, nutrients
and water, and increase the variety and abundance of freshwater
wildlife across the study area.

What is Water Friendly Farming studying?
The project wants to answer three main questions:

1. Can we reduce diffuse water pollution?

2. Can we protect and increase freshwater biodiversity
without reducing farm profitability?

3. Can we hold back water to help reduce downstream
flooding?
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Why is Water Friendly Farming important?

Water Friendly Farming is different to previous studies, because
it looks at ways to reduce the impact of farming across whole
catchments, rather than at a small (field or experimental plot) scale,
as had previously been done. WFF also uses a robust experimental
design, being what is known as a BACI, a Before-After-Control-
Impact study. This means that three years of baseline data were
collected on the study area before the interventions were put in
place. There is also a “control”, or reference site that is not altered
to compare to, and this allows us to thoroughly assess the impact
of the experiment. In other words, what do the interventions do
collectively? It is an on-going project, giving enough time to assess
the impact of what we are testing, despite weather variations.

What is measured in the Water Friendly Farming catchments?
Water quality in the streams at the base of each catchment is
measured including phosphorus levels, nitrogen levels, and the
amount of suspended sediment and pesticides.

What else is measured?

In 239 ponds, streams and ditches across the study areas,
biodiversity is measured with surveys of wetland plants, freshwater
invertebrates and water chemistry. Water flow is also monitored at
the base of each of the three catchments.

What did the background monitoring show?
The baseline monitoring work was helpful in itself, revealing that:

. Ponds support the widest variety of freshwater species,
despite representing the smallest area of water

. However, only about 10% of them were in good
condition, with the majority either poor or very poor

. These ponds support some rare and sensitive freshwater

plants, which are not found in any other water bodies
in the region. One concern is that these plants showed
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an apparent decline over the three monitoring years 2010-
2013

. Streams in the study area have variable water quality. In each
catchment there are sections of waterway that are “high”
quality, meaning that they are clean, and sections that are
moderate or poor quality

. Although all catchments had some patches of “clean”
water, pollution was widespread, affecting around 95% of
waterbodies

. Around 30% of waterbodies had low phosphorus levels,
close to the natural background level

. Only around 5% of waterbodies had nitrogen levels that
were near natural levels

What experimental methods are being tested?

Water management in the Eye Brook and Stonton Brook
catchments has been altered to see if it improved water quality. No
changes have been made to management in the Barkby Brook area.
All catchments already had several buffer strips, mainly within
agri-environment stewardship schemes. Dams and wetland
interceptors in ditches were constructed in the Eye Brook
catchment. These were also established in the Stonton Brook area,
along with the additional creation of new clean water ponds (with
surrounding buffers), and debris dams in some streams. More
recently, permeable dams have been installed in the Eye Brook
catchment to test the effect on flood risk downstream. These are
log dams that do not affect water flow at normal levels, but will
hold back excess flow during storm events when the water rises.
An example is shown on the following page.

What do these techniques aim to do?

Buffer strips were added to slow and filter the water entering
waterways from fields, trapping sediment and other pollutants
before the water joined the stream/pond.
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Dams, wetland interceptors and debris dams aim to slow the flow
of water from ditches or field drains. With these features in place,
there will be more time for sediment and associated nutrients
to settle out before passing into the stream. Permeable dams are
intended to trap flood water at times of extreme rainfall, aiming to
reduce the downstream flow of water and reduce flood risk.

Permeable dams provide a simple, low-cost method of holding back excess flow during
storm events © GWCT

If sediment is settling in these features, won’t they fill up?

Yes, this is a sign that they are working, and the more sediment
they are trapping, the faster they fill up. When they are full they
can be dredged, and the sediment returned to the field.

What has Water Friendly Farming found so far?

Ponds

We knew from baseline monitoring that ponds are important for
biodiversity, but that they are also more variable in terms of water
quality than streams — because they are isolated, they can be very
clean or very polluted, whereas because the water in streams is
mixed, they tend to be less variable. WFF showed that establishing
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new ponds improved freshwater biodiversity across the landscape®.
This benefit for freshwater species was visible within a year of new
ponds being established, giving a very quick improvement.

Buffer Strips

Buffer strips along or around water bodies can be effective for
reducing sediment runoff, and computer modelling of WFF data
suggested that buffer strips ten metres wide can reduce sediment
loss by 30%, compared to standard buffer strips that are two
metres wide®.

Sediment loss

Computer models predicting the effect of farming techniques on
erosion have shown that sediment loss could drop by 35-40% by
switching to reduced or no-till farming?®.

Nutrient loss

Nitrogen and Phosphorus levels have shown trends across the three
catchments that look mainly related to external factors, such as the
weather. Phosphorus has shown a gradual increase and nitrogen a
gradual decrease over the study®.

Sewage works

All three of the project areas have small sewage works, as well
as domestic septic tanks. Sewage treatment works dominate the
phosphorus concentration at the base of the main catchments
during normal conditions, for much of the year”. In small
tributaries without sewage treatment works, the effect of land
management can be seen more easily.

Flood risk

The study area is an arable landscape on clay soils, and very large
volumes of water would need to be stored in the countryside to
reduce flood risk. The features we installed can hold around
3000 cubic metres (this is a little more than one Olympic sized
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swimming pool). Our computer analysis has suggested that this
has had only a very slight effect on the amount of water flowing
in rivers during wet weather. It also suggested that installing a
network of ‘permeable dams’ could reduce the 1 in 100-year flood
peak by 20%, and this work is currently underway in the area®.

Pesticides

As well as picking up sediment and nutrients on its journey
through farmland, water can also become contaminated with other
chemicals, for example pesticides, that are used to treat crops. WFF
looked at certain pesticides to understand this problem further
and to provide a focus for discussion of broader issues with the
participating farmers”.

What is the most concerning pesticide for drinking water?

The most widespread threats to drinking water quality from
pesticides comes from the active ingredient of slug pellets,
metaldehyde and the herbicide propyzamide, which is used for
control of black-grass within oil seed rape.

Do the water management techniques for reducing runoff and
erosion also reduce metaldehyde in the water?

No. The measures we have tested have not had any real impact on
concentrations in water, and we encourage farmers to substitute
for a different product, ferric phosphate.

Do other pesticides contaminate watercourses?

Yes, as part of the Water Friendly Farming project, streams were
also monitored for propyzamide and carbetamide. Propyzamide
is a herbicide used for the control of black-grass. Results showed
regular contamination of streams from November onwards.
Carbetamide is also used to control grass weeds, but is much less
widely used than propyzamide.
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Is there an alternative treatment for black-grass?

There is no viable alternative herbicide for black-grass control
in oil seed rape - propyzamide is the only effective herbicide for
these crops. We have observed in some early work that buffer
strips can help reduce propyzamide by up to 50%, but this needs
further study (not yet published). Because burying black-grass
seed underground for three years helps to control it, in some
areas arable land is being sown to grass leys because of persistent
problems. This has been a key driver for conversion of some fields
to rotational grass at the Allerton Project.

Are there other measures for keeping propyzamide out of water?
Propyzamide binds to soil particles and often moves to water with
soil, so reducing soil disturbance also reduces propyzamide runoft.
Buffer strips, reducing the oilseed rape area, and increasing crop
diversity also reduce propyzamide concentrations in water.

Discussion group

We recently used this herbicide as a focus for discussion
of wider catchment and soil management issues with
farmers”. Farmers were accepting of the need for
buffer strips and identified benefits of vigorous hybrid
barley for black-grass control, but identified the pitfalls
associated with reducing the oilseed rape area across
farms at the catchment scale. The discussion also
highlighted the constraints on adopting a no-till system,
including reduced yield, short-term tenure arrangements,
continuing uncertainty about methods on clay soils, capital
requirements, and political and economic uncertainty.
Continuing research at Loddington is designed to
understand and address some of these issues.
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4. ONGOING WORK AT THE ALLERTON
PROJECT

The continued research effort undertaken at Allerton and elsewhere
has helped contribute much to our understanding soil and water on
farms, how to reduce the impact of agriculture on these vital resources
and how to move forward more sustainably. However, continued
research is needed to fill in the gaps, and bring it all together. How
do we farm profitably whilst encouraging healthy soils, clean water
and biodiversity on farmland? Several projects are new or ongoing at
Allerton to help with this picture:

Water Friendly Farming: The work described here is ongoing, giving
time for the measures to become better established and allowing us to
assess the true benefits and challenges of this landscape scale approach.

SoilCare: This is an EU Horizon 2020 funded project in which we are
one of sixteen study sites across Europe, assessing how soil improving
cropping systems improve the environmental and economic
sustainability of soil management. Our local farmer network has
played an important role in prioritising topics for research. We will be
investigating methods for alleviating compaction, potential multiple
benefits of grass leys, and the use of digestate from an anaerobic
digestion plant for improving soil health and crop performance.

Soil Biology and Soil Health: This project is funded by AHDB
(Agriculture and Horticulture Development Board) and the BBRO
(British Beet Research Organisation) over five years, forming a
partnership across sectors to focus on research and knowledge
exchange. It is designed to help farmers and growers maintain and
improve their productivity through a better understanding of soil
biology and soil health. The Allerton Project is one of the study sites
within the partnership where we will test the effect of ploughing
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long-term no-till land on soil biology and soil health as well as
crop performance. This is an issue which visiting farmers who are
considering no-till have raised with us as being a concern because
of a possible need for periodic ploughing to control weeds.

For more information about our ongoing research, please visit
www.gwct.org.uk/allerton
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5. SUMMARY — KEY POINTS 5
o
. Deteriorating soil health is one of the biggest challenges  ©
facing farming, today and in the future
. Soil degradation is common and can occur because of
erosion, compaction, loss of organic matter or contamination
. Water quality can be affected by contamination with

nutrients, pesticides or sediment, and this is more likely
where soil health is poor

. Current farming techniques can contribute to these problems,
but scientific research is helping to find solutions that can
ease the pressure on soils and water, whilst maintaining
economically viable farming

. The Allerton Project has been a key player in soil and water
research over the last 15 years
. Projects have examined individual techniques to reduce the

impact of farming on soil and water, and help guide us into a
more sustainable future for soils

. Ongoing projects follow on from this research, investigating
sustainable solutions for the future, and combining several
techniques into a landscape-scale demonstration.
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6. RESEARCH PROJECTS

The Allerton Project has been involved in many research projects
over the past 15 years, while maintaining and running a profitable
farm business.

SOWAP (2003-2006)

Partners: Syngenta, Cranfield University, Freshwater Habitats Trust,
RSPB

Aims: Examine the three main principles of conservation agriculture
(CA) - reduced tillage, permanent soil cover and appropriate crop
rotations. Assessed results achieved with both methods.

Findings: Conservation tillage reduced soil losses in areas that are
vulnerable to erosion, and also reduced nitrogen runoff. CA was
good for soil health - earth-worm and soil microbe populations
generally increased, and birds preferred CA fields to conventional
fields (although birds preferred overwinter stubbles even more). When
looking at the effect of CA on the aquatic environments, results were
very variable and we could not draw firm conclusions, but sediment
loads were lower in streams draining CA areas. Yields for some crops
were similar for both farming approaches, but for others, yields were
lower from CA fields. This was often offset by lower costs with CA, so
that profit remained comparable.

PARIS (2003-2008)

Partners: ADAS, CEH Wallingford, University of Leicester

Aims: Studying the concentration of nutrients in the stream passing
through Loddington, and the Eye brook, running through pasture.
Looking at bio-diversity in the stream with respect to nutrients,
particularly phosphorus.

Findings: In terms of the total amount of phosphorus of all forms across
the year in the study catchments, agriculture was the main source,
being responsible for 67-99%, but other sources were also important.
Phosphorus coming from farmland is highest in winter - when storms
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wash sediment and phosphorus from fields. Other sources such
as septic tanks, wastewater from buildings, animal waste from
farm-yards and sewage works (called “point” sources) discharge
phosphorus more steadily throughout the year, and have a greater
ecological impact, even though the total annual amount is lower.

Aquatic insects such as damselfly benefited from dammed ditches
and ditch-fed ponds © GWCT

WETTING UP FARMLAND FOR BIODIVERSITY
(2004-2007)

Partners: RSPB, Freshwater Habitats Trust

Aims: Examining the importance for birds and other wildlife
(e.g. insects) of wetland features on farmland: dammed drainage
ditches, ditch-fed ponds, surface scrapes and waterlogged areas in
livestock fields.

Findings: Dammed ditches and ditch-fed ponds were most
effective, leading to production of more aquatic insects and visits
from more birds.
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MOPS1 (2005-2007)

Partners: Lancaster University

Aims: Investigate in-field approaches to reducing sediment and
phosphorus losses from fields.

Findings: Tramlines are main source of sediment and phosphorus
loss. Disrupting them reduced this in some areas, cultivating across
the slope rather than up/down, and no-till farming did so in others.

WETTING UP FARMLAND FOR BIODIVERSITY — PHASE 2
(2008-2010)

Partners: RSPB, Freshwater Habitats Trust

Aims: Further studying the benefits of small scale wetland features on
farmland, and examining the economic implications of these.
Findings: Field wetlands are beneficial for insects and birds on farmland.
Larger features such as paired ponds are more effective than smaller
ones. Dammed ditches need to be dredged approximately every 4 years.
Dredging costs are estimated at approximately £10 per ditch per year.

MOPS2 (2009-2011)

Partners: Lancaster University

Aims: Investigate field wetlands for reducing sediment losses.
Findings: Field wetlands can trap a substantial amount of sediment
in some circumstances on sand and silt soils, but are much less
effective on clay soils.

TRAMLINES (2009-2013)

Partners: ADAS, Lancaster University, HGCA, NFU

Aims: To study the best way to reduce loss of water, sediment and
nutrients along tramlines during autumn spraying operations. Sites at
four farms across the UK with different soils.

Findings: Low pressure tyres and a rotary harrow fixed behind the
tractor wheels to break up the surface of the soil are the most effective
ways to reduce losses from tramlines. The harrow is most effective on
all soils except for clay, where low pressure tyres are most effective.
Using both approaches together is better still.
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Research Projects

WATER FRIENDLY FARMING (2011-2021)

Partners: Freshwater Habitats Trust, York University

Aims: Combine individual measures into a landscape-scale water
management approach. Assess whether these techniques reduce the
impact of farming on water quality.

Findings: Freshwater ponds are very important for biodiversity.
Establishing new ponds quickly improved freshwater biodiversity
across the landscape. Most water features across the landscape had
raised nutrient levels. In areas with sewage works, these were the
main source of phosphorus for most of the year. Current features
will have little effect on downstream flood risk, so a network of
permeable dams is being installed and tested.

SUSTAINABLE INTENSIFICATION RESEARCH PLATFORM
(SIP) (2014-2017)

Partners: NIAB, Nottingham University, York University

Aims: Studying techniques to improve sustainability in farming.
Identify and develop farm management interventions for sustainably
intensive agriculture.

Findings: At the Allerton Project, we studied the effect of different
cover crop mixes compared to a bare stubble control. We looked at
the chemistry, biology and physics of the soil, and the weed burden
during the cover crop period and in the following crop. There were
no differences between cover crop species for the soil analysis, but
the cover crop species had a marked effect on earthworms and weed
burden, with fewer weeds in radish. This weed suppression effect
carried over into the subsequent crop, which gave a higher yield than
in the absence of a previous cover crop. The project also enabled
us to improve our understanding of the role of sward minerals in
improving livestock performance on pasture and grass leys introduced
into arable rotations to meet multiple objectives. Within the Water
Friendly Farming project, the SIP enabled us to use a herbicide as a
focus for discussion about practical opportunities and constraints for
catchment management with participating farmers.
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ABoutr GWCT
THE HOME OF WORKING CONSERVATION

The Game & Wildlife Conservation Trust is the home of working
conservation. We believe that wildlife can thrive if we focus on
integrating it alongside other land uses.

From producing food to providing space for nature, we understand
these need to happen in the same place. To balance these needs
we use our outcomes approach, and its importance is growing.
We live on a small busy island and the demands we place on our
countryside increase as our population grows and we add new
outcomes, such as recreation and clean air.

Gamekeepers became the unexpected champions of the outcomes
approach as farming modernised to meet the post-war demand for
food. The GWCT carefully studied how they began to use their
range of tools, from trapping to growing small strips of cover crop,
to maintain their bird numbers without hindering farm production.
Today these gamekeeping techniques are vital conservation tools -
because they support wildlife into a working countryside.

Find out more about the GWCT and support us at
www.gwct.org.uk.
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