Field trip, Thursday 23" Aug
Aims:

e Tolook at a transect of altitude, soils and cultivated to moorland landscape going over the
hills from Deeside to the coastal lowlands. The land cover change is mixed farming in the
river Dee valley to forestry, to moorland on the high ground with strategies for land
improvement, then over a geological boundary to very intensive arable in the coastal
lowlands.

e To then visit a small local distillery on route to Dundee.

e To go on to Balruddery for a look at the work of the Centre for Sustainable Cropping and the
IBZ buffer site trials.

e Then to travel straight back to Aberdeen airport for those flying from there.

Approx timings

Stop Arrive time Depart time Cumulative Travel time
km

Leave Aberdeen 08-30 0

Stop 1, Cairn O’Mount 09-30 09-50 48 60 mins

Stop 2, Coffee at Clatterin’ Brig’ 10-00 10-30 50 10 mins

Stop 3, Fettercairn distillery 10-40 12-00 56 10 mins

Stop 4, Balruddery farm 13-15 15-15 latest 135 1h from
fettercairn

Those going to Aberdeen airport By 17-30 260 1h 43 min

The route:

Initially, we will travel westwards from Aberdeen along the Dee Valley, crossing the river near
Maryculter. The surrounding land in the parish of Maryculter was once farmed and administered by the
Knight Templars. We will then travel along the South Deeside road to the Bridge of Feugh. The soils
along the route are mainly alluvial soils in the valley bottom, humus-iron podzols on the mounds and
terraces of glaciofluvial deposits which flank the river, and beyond on the till derived from granite and
granitic gneiss (the Countesswells Association).

The land use is in this area is predominantly arable agriculture with some established coniferous
woodlands, particularly on the hill tops. Occasionally there are tree nurseries and aggregate quarries.
There will be a short stop at the Bridge of Feugh (which is renowned for is salmon leap).

The route then follows the Water of Feugh south-westwards towards the village of Strachan (75 m
0.D.). We then turn and head approximately south along the old drove road ultimately rising up and
over the Cairn O' Mount (455 m O.D.). The mean annual rainfall at Strachan (Met Office 1941-70
Standard period) is 1000 mm rising to 1200 mm at Cairn O' Mount. Birse and Dry (1970) have described
the climate as changing from fairly warm moist lowland and foothill to cold wet upland (accumulated
temperatures of between 1100 and 1375 day degrees C and of between 550 and 825 day degrees C
respectively). The presence of snow poles marking the roadside indicates the potential severity of the
winter weather.




We then stop at the viewpoint at the top of the Cairn O’Mount to look over the JHI's farm at Glensaugh,
a mixed upland — improved land sheep farm with some cereals ground. This sits across the Highland
Boundary fault, an important geological division between the geology of the Highlands of Scotland and
the younger rocks to the South. At the viewpoint the change to the intensive agriculture on the coastal
plain is obvious. This is developed on readily-workable deep soils on old red sandstone.

We then stop briefly for coffee opposite the Institute’s farm of Glensaugh where there are experiments
into agroforestry and a long monitoring site for upland environmental change before going on to
Fettercairn for a short tour of the distillery. Then we drive on toward the main coastal road (A90), which
we join at Brechin. Just before joining the main road we pass through the arch of the small market
village of Edzell. The arch built in 1887 commemorated the deaths of the 13™ Earl of Dalhousie and his
wife coincidently on the same day.

We then drive onto Dundee and round Dundee to Balruddery (see map and route directions).

The land use changes greatly into the lowlands and there are areas of specialised covered agriculture,
mainly for soft fruits that the region around Dundee is famous for. We then drive on to the Balruddery
site. This takes ~1 hour and involves through the outskirts of the city of Dundee. This is Scotland’s 4™
city, population ~150,000, once a centre for exploration (Shackleton’s ship the Discovery is here
complete in the city centre harbour) and for whaling and later for trading e.g. a textile called jute
was milled here.
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Feughside Bridge car park. We pass over an old stone bridge on the River Feugh: High DOC system
and significant control on lower Dee chemistry and hydrology. Also a popular local visitor place to
watch for jumping Salmon.

Soil and land cover transect

Strachan sits approximately on the edge of the Dalradian Schist and the rock changes to granite as we
go south. The drifts in the river valley are again alluvial, with glaciofluvial deposits of granitic origins and,
at higher elevations, glacial tills derived from the local granite. As the soil parent materials are similar
from the valley bottom at Strachan to the top of the Cairn O' Mount in that acid granites or acid schists
are the major component, then the changes in soil type which occur with the rise in elevation are largely
due to the changes in climatic conditions and is therefore a good example of a soil toposequence. The
land use also changes from a mixed arable agriculture in the valley to forest, sheep and grouse moor on
the middle and upper slopes and finally deer forest near the summit. The glaciofluvial and morainic
mounds which flank the river valleys have some of the oldest tree
plantings in the area eg Scots Pine (Pinus Sylvestris) was planted around
1859.

Coming up the north side of the hill the soil profiles typically are
developed on glaciofluvial sands and gravels derived from acid parent
rocks (granites and schists) and would be classified in the Scottish Soil
classification system as a humus iron podzol (Soil Survey of Scotland Staff,
1984) and as ortsteinic, albic, folic podzol (IUSS Working Group WRB,
2006).




As we come out of the forest initially onto the moor we pass a ruin on the right before a narrow
bridge. This is the ‘spittal’ of Glen Dye. Spittal was a hospice or some kind of rest or shelter for
travellers. This was a key drove road; droving was the movement of walking cattle across the hills
from the Dee valley to the busy markets in the coastal market towns.

Also look at the patterns of burning in the heather. This is done to regenerate the shoots on younger

regrowth of heather to feed game
birds (grouse) that form the basis of
sporting estate shooting revenue.

The soils at the top by stop 1 have
deep enough organic horizons to
classify as peats in the Scottish
classification system.

Stop 1. Cairn O’Mount viewpoint

Discussion points:
e lLand cover change and the
Highland Boundary fault
e Scottish Land Capability for Agriculture Mapping and uses

Here we look north at the peatland but south to one of the most
fertile agricultural areas of Scotland. The Institute’s farm
Glensaugh extends from the hill top ground on the east of the
road to the valley and crosses the Highland boundary fault. This is
the major boundary running at an angle from east to west coasts
separates between the hard Precambrian and Cambrian
metamorphic rocks to the North (e.g. the Dalradian supergroup
of schists, phyllites and slates) and some granites and the later,
softer sedimentary rocks to the South of the Devonian and
Carboniferous (e.g. the old red sandstones on which the intensive
agriculture is based).

Land Capability for Agriculture Mapping

The National scale land capability for agriculture map provides information on the types of crops
that may be grown in different areas dependent on environmental and soil characteristics.

The land capability for agriculture assessment was carried out in 1981 using data collected between
1978 and 1981. The National scale land capability for agriculture map was then created in 1983 at a
scale of 1:250 000. The map should be cited as: 'Soil Survey of Scotland Staff (1981). Land Capability
for Agriculture maps of Scotland at a scale of 1:250 000. Macaulay Institute for Soil Research,
Aberdeen'.

Access to the Scottish soils resources can be gained at: http://soils.environment.gov.scot/



http://soils.environment.gov.scot/

Stop 2. The Clatterin’ Brig’ café

Discussion points:
e The James Hutton Institutes farm Glensaugh — hill ground improvements and the
Environmental Change Network site.
e Coffee and tea!

Glensaugh Research Farm and ECN Terrestrial and Freshwater Site. From the coffee stop we can
see the hill area of the Environmental Change Network site at Glensaugh (ECN -
http://www.ecn.ac.uk/). The UK Environmental Change Network (ECN) is the UK's long-term,

integrated environmental monitoring and research programme. ECN gathers information about the
pressures on and responses to environmental change in physical, chemical and biological systems. It
is supported by a consortium of fourteen sponsoring organisations and seven research
organisations. ECN's objectives are:

To establish and maintain a selected network of sites within the UK from which to obtain
comparable long-term datasets through the monitoring of a range of variables identified as being of
major environmental importance.

-To provide for the integration and analysis of these data, so as to identify natural and man-induced
environmental changes and improve understanding of the causes of change.

-To distinguish short-term fluctuations from long-term trends, and predict future changes.

-To provide, for research purposes, a range of representative sites with good instrumentation and
reliable environmental information.

Data on nine driving and/or response variables are collected at this site in accordance with set
protocols for the Terrestrial ECN sites. Additional data, also collected to strictly defined protocols, is
collected as part of the Freshwater Environmental change Monitoring. It has collected biological
records and fortnightly soil solution, stream water, atmospheric deposition chemistry and
continuous discharge since 1993.



http://www.ecn.ac.uk/
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research (LTER) programme.

ECN make regular measurements of plant and animal
communities and their physical and chemical environment.

The long-term datasets are used to increase understanding of the
effects of climate change, air pollution and other environmental
pressures on UK ecosystems.
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Research underpinned
ECN data at Glensaugh
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Glensaugh agroforestry experiments (1988-2001).

Agroforestry is a system of land management which combines livestock farming and forestry: trees
are grown for timber on the same land as that used for animal production. The growing of trees on
farms diversifies and sustains production leading to increased social, economic and environmental
benefits for land users at all levels.

Silvopastoral agroforestry is a system in which trees are planted at wide spacing into grazed,
permanent pastures. Silvopastoral agroforestry is also known as wood pasture.

Silvopastoral agroforestry has been shown in the UK to provide a number of benefits to farmers.
With good management, trees can be grown to produce timber (or for firewood, craftwork, artwork)
with no reduction, or only a small reduction, in agricultural production from the same piece of land.
This compares with more conventional farm forestry in which land must be allocated separately to
woodland, resulting in a loss of agricultural area and agricultural production. The total return from
the land is, therefore, potentially greater from agroforestry, although the required level of
management input is greater than in conventional systems.

Benefits

e Agroforestry provides both biodiversity and landscape benefits.

e Creates welfare benefits to grazing livestock through the provision of shelter and shade.

e Tree shelter can encourage better pasture growth.

e Generates new opportunities for wildlife.

e Recreates historical landscapes, similar in appearance to the traditional forests in which
animals grazed.

Agroforestry research plots were planted at Glensaugh in 1988. Three tree species were selected
and planted at different densities to compare their performance.

e Scots Pine (Pinus sylvestris) planted at a density of 400 trees per hectare.

e Hybrid Larch (Larix eurolepis) planted at a density of 100, 200 and 400 trees per hectare
(lower densities have now been felled).

e Sycamore (Acer pseudoplatanus) planted at density of 100 and 400 trees per hectare.

e Control plots planted at conventional forestry densities of 2,500 trees per hectare.

e Commercial ewes, with lambs at foot in spring and early summer, are grazed in and around
the trees between April and November.

Results: By the time the experiment ended in 2001, there was no measurable reduction in sheep
output, although production of grass in closed canopy plots of larch and sycamore has subsequently
declined. In addition, a new timber source had been created and a positive impact made on the
landscape, and its biodiversity value.

Ongoing: Suckler cows were introduced to the Scots Pine plot in 2008 as part of an experimental
grazing project to determine what benefits tree pasture will bring for the cattle and to identify any
disadvantages to the trees.

More details: http://www.hutton.ac.uk/sites/default/files/files/glensaugh infosheet.pdf



http://www.hutton.ac.uk/sites/default/files/files/glensaugh_infosheet.pdf

Welcome to Glensaugh’s Self-Guided Trail and some top tips.
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Stop 3. Fettercairn distillery

Situated under the Grampian foothills in the Howe of Mearns, Fettercairn town’s name is loosely
based on the phrase "the foot of the mountain". Fettercairn Distillery was founded in 1824 by
Alexander Ramsay, owner of the Fasque estate, who converted a corn mill at Nethermill into a
distillery. After losing his fortune, Alexander was forced to sell the estate to the Gladstone family in
1829. John Gladstone’s son William Gladstone, went on to become Prime Minister and Chancellor of
the Exchequer and was instrumental in passing various reforms on the taxation of whisky. In 1973
Whyte & Mackay acquired Fettercairn distillery and it has remained with the company since.

As we drive from Fettercairn to the A90: Class 2 farmland

Here we can see typical management and cropping.

Scottish production in Eastern Scotland (taken from nfus.org.uk)

Cereals: Cereal farms are concentrated in the east of the country where the best quality land tends
to be found. In 2016, 462,000 hectares of cereals and oilseeds were grown in Scotland. 286,000
hectares of barley were grown and 110,000 hectares of wheat. There were 31,000 hectares of oats
and 30,000 hectares of oilseed rape.

1.9 million tonnes of barley were produced and one million tonnes of wheat were produced in 2015.
More than 12% of the UK cereal area was grown in Scotland. The UK is the third largest cereal
producer in the EU after France and Germany.

The main cereal crop in Scotland is barley and 28% of the UK’s barley area is in Scotland. 35% of it
goes into malting. 55% goes for animal feed. There are two types of barley: winter barley is sown in
the autumn and spring barley is sown in March or April. 80% of the Scottish crop is spring barley.
Milling wheats grown in Scotland are mainly used for biscuit making. Wheat is also used in distilling
and for animal feed.

Potatoes: Most of the seed potatoes for the UK potato industry are grown in Scotland. In 2016, just
under 28,000 hectares of potatoes were grown in Scotland. Scottish potato output was over 1.03
million tonnes in 2015.

Oilseed Rape: Scotland's farmers produced over 148,000 tonnes of oilseed rape in 2015. QOilseed
rape goes towards producing oil for cooking but also for producing biofuels.

Fruit and Vegetables: There are 21,000 hectares of vegetables and soft fruit grown in Scotland.
Scottish producers produce more than 2900 tonnes of raspberries and 25,000 tonnes of
strawberries; 231,000 tonnes of carrots; 64,000 tonnes of turnips; 34,000 tonnes of peas and 14,000
tonnes of Brussels. Soft fruit production tends to be concentrated in fertile areas, for example
Tayside and Angus.




Stop 4: The Centre for Sustainable Cropping and the Balruddery I1BZ
The postcode for the Balruddery farm is: DD2 5LL (ie that’s what UK sat navs work from).

The Centre for Sustainable Cropping Platform is based at Balruddery Farm near Dundee, Scotland
and is run by the James Hutton Institute. The farm platform comprises a 42 ha block of six fields,
established in 2009 to integrate cross-disciplinary research on sustainability in arable ecosystems.

The platform provides a whole systems framework for designing and testing cropping systems to
optimise yield and environmental health for long-term food security. We aim to enhance
biodiversity for ecosystem services, and reduce the environmental footprint of crop production by
minimising losses and increasing the efficiency of resource use.

It is the first of its scale in the UK and provides an open research facility to test and demonstrate the
economic, ecological and environmental trade-offs in sustainable land management over many
decades.

Access to all the resources of design, layout, publications and the data are available at:
http://csc.hutton.ac.uk/
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_ The Centre for ustainable Cropping:

Results from the first f::inp rotation 2011-2016

Find out more at our website cschutton.ac.uk, on twitter @huttonCSC, or emal cscEthutton, a0, uk

Site Design
The platfiorm comprises & fields over 42 hectares. Each field iz divided into twa:
integrated manzgement onane half = compared sgainst standard commerncial
practice on the other. 3-5 vaneties of the s crops are sown in each field half

and key system indicators are monitored throvghout each growing season.

Aims & Background

Ivbes
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= . T Winter OSR

Potato
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Integrated Management System
1. Soil, Aim: improve soil structure by increaszing arganic matter content, to aid
water retention/infiltration, enhance root growth, support zoil processes such as

E iitter gecomposition and nutrient cycling, and reduce poliution from leaching, run-
Longitude: -3.1324 off and erocion.

Elevati m 3bove sea level
Averaze rainfall: i In practice: non-inversion tillage for 1 rotation, now direct drilling; green waste

- 100-1375 compost amendments (35 t/ha for 1** rotation, now 10 t/ha); inconporation of crop
residues, cover cropping (ol radish before potatoses), tied-ridzing in potatoes.

2. Bindiversity, Aim; enhance sbundance and diversity of farmiand wikdife,
particularhy arable plants and assodiated invertebrate foodwebs, to improve
eoosystem services such as pollination, natwral enemy control of crop pests and
carbon/nutnient oycling.

In practice: targeted weed control to allow an understorey of broadieaved weeds
while controling grass weeds; species nich wikdfloweer margins for beneficial
inzects; threshold monitoring for pests and disesse and IPM strategies to reduce
negative impacts on non-target insects.

3. Yield. &im: maintain crop yiekds at levels comparable with standand commencial
practice but with less mineral fertilizer and other agrochemical inputs.

In practice: improse soil structure to reduce losses of nutrients and enhanoes noot
growth; use of legumes to fix atmosphernic nitrogen (field beans and clover under-
own in spring barey; fertificer rates caloulated from Soil Nitregen Supplhy.

Developments
t of

Thiis lorg~benm plationm is funded by
Soottish Govermment ard is an open
&00EES NESOUMOR for aralile rEsEsndn.




The Centre for %stamable Croppmg

Results from the first crop rotation 2011-2016

Find out more at our website csc.hutton.ac.uk, on twitter @huttonCSC, or emad csc@hutton.ac.uk

Soil Carbon

Soil structure iz 3ssessed by carbon content and the shear
vane test for soil strength. No differences in shear strength
were found between treatments, suggesting that more soil
organic matter in the integrated management system may
help ameliorate increases in soil strength due to reduced
tilage. Soil carbon content was higher under integratsd
manzagement [3-4%) after 4 years of organic amendments
compared to 1-2%n standard management treatments.

% Standard
practice, 1-2%
carbon

Better drainage results in drier, warmer soil in early spring,
and therefore more rapid crop development. Water
retention in dry summers i aiso improved.

Visual Evaluation of Soil Structure (VESS)

Soil structure affects root penetration, water avaiabity and
soil aeration. VESS is 2 simple spade test that provides scores
on 301 structural gualty and was developed by an
international group of soils specialists.

integrated management Standard management

5q1-2: mix of porous,

5g2-3: most aggregates

rounded agzregates (2 - Dreak with one hand, but
7| which are easy to lower porosity and some
bresk/crumdle ciods present

Integrated management resuited in soil with greater porosity
and finer aggregates than standard practice.

A full description of the method can be found at

ratp fwww snuc ac ukfuess

Earthworms

Earthworms play a key role in improving soil structure by
burrowing and mixing soil. They aid decomposition and
nutrient cycing, and redistributs nutrients in the ol
profie. The benefical effects of earthworm actvity
stimulate root growth and improve nutrient and water
uptake efficency by plants.

©On average, across 3/l fields, there were more worms in the
integrated management treatments (85 per m? to 3 depth
of 10cm) than under standard management (80 per m?).

- There were 3's0 big differences between crops: potato and
winter cereals had fewsr worms than spring bariey, wmter
oilseed or beans.

00
w
(1]
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Litter decomposition

Soil biodiversity has animpact on carbon tumnover and
nitrogen dynamics, processes essential to help maintain
yields in low input systems.

We use itter decomposition rats 33 an indicator of these
processes. Decomposition s calculated from the loss in
mass of tea bags, buried in after sowing and retrieved just
before harvest. Rates are faster in the integrated system
where 00 organic matter and microbial activity is greater.

The method is described at http//\www testimedscience.crg/
for anyone to try. Or have 3 lookat

http/;www farmersguild org/soi-my-undies-challenge htmi
for 3 fun 3iternative using cotton
underpants!
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The Centre for Estainable Cropping:

Results from the first crop rotation 2011-2016

Find out more at our website cschutton.acuk, on twitter @huttonCsC, or emal csoathution, auk

Plant biodiversity

Intensive farming practices hawve 3 negative impact on farmiand biodiversity. Many plant speces have dedined in
ahundance, taking with them a diverse amray of insect herbivores, detritivores, polfinators and natural enemies that depend
on them for food and shelter. Declining weed diversity iz therefore likely to have sefous consequences for ecosystem
senvices incleding carbon and nutrient cyciing, natural enemy control of pests and polination.

At the C5C, we aim to enhance biodiversity by allowing an understorey of beneficial
broad leaved weeds within fields whilst controling grazs weeds and minimizing
competition with the crop. Margins are also sown with a diverse mix of wikdflower
Tpedies to provide resounces for polinators and natural enemiss.

Both broad leaved and grazs weeds were maore abundant in the integrated
management system —wesd dry weights just before harvest were 40 5/m? (grazz) and
20 g/m? (broadlesved) compared to 16 g/m® and & g/m? in the standard treatment.

hiore emerged weeds prodeces 3 greater return of weed sesds to the seedbank. We - '
measwred weed seed sbundance in the soil every year and found that integrated crop
manazement had an overall positive effect on the numbers of broadlieaved weed
zeeds, but there was noincrease in densities of grass weeds over the course of the
rotation.

Achieving 3 balance between managing weeds for biediversity and minimizing
competition with the crop is 3 particular challenge in reduced tillage systems and

Insect biodiversity

arable plants support 3 diversity of invertebrates that make up arable food
webs and represent 3 wide range of different functions incleding herbivares,
seed predators, decomposzers, and natwral enemiss. The interachions
between these invertebrates, plants and higher trophic groups swch as birds
and mammals, result in ecosystem services which are an important
component of sustainable farming.

thene i= much scope for more research and development in thiz area.
]

& key ecosystem function provided by insects = polination,
the annual economic valve of which s estimated at 5153
billion globally. Dedining polinator populations have the
potential to senoushy affect yields of insect-poliinated crops
and populations of wild plant spedes.

u Inegrased

Atthe CEC, we monitor polinator activity using standard 3 =

transect walks and pan traps. Caged and uncaged flowering
bait plants are alzo used to messure poliination rates.

Tetal cownt of bees by ppeces
E K & E B H

E

During the first crop rotation [2011-2016), maore bees werne

[-]

L-h-_

recorded in the integrated management treatments and in Bombus  Bombus  Api melllen Bombus
the wildflower margins surmounding these half fields. Mare Berorilchiad  hortonen panuinun lagidacio
weeds in fields and a greater diversity of flowering plants in B

the field margins therefore boosted the activity of bee L o Wl e 3 F ot Tl
poliinators in these areas. * 1* / X
L) ) ¥
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The Centre for @stainable Cropping:

Results from the first crop rotation 2011-2016

Find out more at our website csc.hutton.ac.uk, on twitter @huttonCSC, or emad csc@hutton.ac.uk

Crop yields

Yiglds were maintained 3t levels comparable to standard commercial practice for 3l crops except winter wheat where
reduced inputs resulted in 2 2 t/ha yield penaity. More work is required to close the gap for winter wheat, but other crops
faired reasonably well under the integrated management system. Trends over time and for each crop vanety are shown
below. Soid fines =integrated management; dashed fnes = standard practice.

Wiciter wheat (**) Winter backey (na: p ~ 0.06) R pe—r
12 " Variety Intesrated Stancard
n . 12 Winwmr [Retriser 27 sz
1 A Deriey  [seque a3 94
4 0 A e b >
270 % Mixture 21 20
<6 s k//\/ sartron 78 ER
51 3¢ Casats 7.0 s
3 4 41 Winer |Viscount &2 104
{ ' 21 whest |smorag 7.3 35
0 v ' v 0+ Consort 7.0 83
011 2012 2013 2014 2015 2016 D11 012 2013 0 2015 2006 senuze 21 2z
Asche my 52 23
Witacalontd tags s Beans (r4) Winter [Cmens zs s
5 oizmes |Fiamn z0 zs
. NE Grace zz zz
Excalibur 27 31
} 3 Loness 27 34
S 3 Cmcrer 22 20
£ ] Fieid  |Manszess 55 52
14 Deans |Soxer a2 33
Farfars 50 57
0+ v v T 04 — - - Fuszo 50 52
011 012 2013 2014 015 016 011 2012 2013 014 2015 2086 2 yramic .z 50
Potazo (es) Soring barkey (n4] I"’Y’“' 33 34
zen 43 5
» 0 Tatmo 37 2z
@ & A Sotstoes [Lagyzavour 2z 27
0 7 /,_,-f—f/‘\\v Mads Pper 233 235
20 26 ’\y Vales Soversizn 473 s
% W Caparet 433 201
30 % a
>0 > Msyan Gold 37.7 38.7
0 2 Spring |Comcerto 7.4 73
e 7.0 73
04 ! ¥ ‘ o+ v Westminster &3 s
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 optic = ar
Mixturs 53 7.0

Financial margins

Yield and s3'e price, input costs, fuel use and tractor tme will be used 35 indicators to estimate the financial implications of
converting to an integrated management system. Intial resuits suggest that, for the first § years, there were no overall
significant differences in fuel use or tractor time between management systems, though this may become more apparent in
future rotations now that we have moved to direct driling. On average, yields were 3150 no different between systems,
apart from the winter wheat crops. These indicators will be converted to monetary values for each yearof the rotation to
estimate relative differences in financial margins and the overall costs and benefits of our integrated management system.
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The Scottish IBZ buffers
site

Hyp: Eco-engineered riparian
margins can improve integrated,
multiple benefits in intensively
managed farmlands
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Institute

Marc Stutter, Tim George, Jenni Stockan, Carol Taylor, Helen Watson.

With thanks to: Paul Neave, Linda Nell, Cathy Hawes

Location: Centre for Sustainable Cropping

Spring beans
S Wiiter barley

Spring barley

Potato

Winter wheat

system health for Iong term food security.
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Buffer site before
installation: typical
straightened stream
in intensive arable

farmland

A whole-systems approach for optimising crop production, biodiversity and
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Eco-engineering riparian buffers

Bringing the most benefits from precious space in farmed landscapes

10 m buffer zone with
biomass production

‘ into ditch parallel with
the stream

Issues with conventional riparian margins:

*The perceptionis often of land taken out of production
*No incentive to do more than the minimum requirements
«Soil erosion crosses the buffer

*Dissolved nutrients often pass under buffers through
drains

*Buffer soils become nutrient enriched with limited plant
J and animal biodiversity

A zoned buffer:
*Cropping continues on the field slope

*The erosion slope is interrupted by a ditch
into which field drains are broken back from
the stream

*The ditch increases the residence time of
nutrient-rich waters

*Planted trees introduce a bioactive root zone,
taking up nutrients into biomass, producing an
energy crop, introducing habitat and stream
shading

*The stream bank remains a protected
ecological zone

Coordmates
50m

Upslope
Bzsize  ELLE
IBZ:field ratio 0.7%

Annual averaged precipitation oS3l
Average January temp. 3.2°C

Average July temp. 14.7°C

Climate data source

Tree species

Biodiversity data

56"28 47.0"3°07'32.0"

4.5 ha bounded field area but with ~9.6 ha catchment

Adjacent cropping grain, potatos, beans

On-site met station

A. glutinosa (L.), Salix spec.

Hydrology data Soil moisture, ditch water level (semi-continuous)
2015 vs 2017: soil C, N, pH, microbial C, extr. NO3, NH4, SRP, DOC

Monthly SRP, NO3, DOC, TDP, TDN suctions cups, then
piezometers (triplicate field vs buffer, 10 cmand 40 cm)

Standing above ground biomass in 2017, leaf, stem C, N, P
contents and stocks

Invertebrates by pitfall and vortis suction traps seasonally
(beetles, spiders by number; carabids to species). Vegetation by
quadrat, vascular plants by species and % cover, species richness.

—u_
F—~—

Site characteristics and data [T

The Iames




Ditch levels

Ditch A commonly full,
ditchesB, C, D
filling/emptying more
rapidly

Is there a natural flood
benefit for temporary
additional runoff
water storage in the
ditches

Ditch and stream stage hieght (m)

12

10

0.8

0.6

0.4
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Hutton
Institute

\ Stream stage to a separate baseline

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

——

Ditch, soil drain and stream chemistry Wi
Hutton

Institute
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Ditch A 4.1-11.8
(willow) £20
Ditch B 0.1-12.7 H
(willow) s

8
Ditch C 0.6-13.5 510
(alder) E" 5
Ditch D 4.89.0 o
(alder)
Soil drain 5.8-12.2
Stream 2.8-8.0
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In summer 2016 NO; concentrationsin the ditches became greatly depleted
relative to drain concentrationsindicatingthat summer biological activity in ditches
B and C provided assimilative or degradative removal of NO; from field runoff in
the ditch system before the tree zone, but that this was not consistent spatially.




Soil solution chemistry: 2015-2017
suction cup samplers

Allmg/L
TDN

TDP

‘Field” (reference) locations turned into grass margin vegetation at upper
buffer edge — need new reference for field conditions
‘Buffer’ sites within trees had higher NO; (esp alders) and topsoil SRP than
above the ditch, but less DOC in the tree area than above the ditch

Generally the site is dry and suction sampling ofetn failed to see water

Soil chemistry: 2015 vs 2017

Shallow

Deep Shallow
33| = 3.8 , 10.3
0.45 4 0.44 , 1.32
18 p 24 a4 5.5
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(b) Soil pH,, ... as H* concentration
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Black bars indicate statistically significantchange in time;

Sh = shallowsoil (10 cm), D = deep (40 cm).

Field mean values ANOVA, pvalues

Shallow Willow
(Sh) vs (W)vs
deep (D) alder (A)
ns ns

ns *

ns === (A>W)
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ns ns
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Increases variably in

loss on ignition

between 2015-2017.
Modified Morgan’s P
(agronomic P index)
showed decreases,

some significant.

Soil extractable NO,

showed large

significant increases




""N—.

- .

Tree b I0Mass at 20 17 (means and 95%ile range) ll'l'

The |lames

| T[riotA, willows | Plot B, Willows | Plot C, Alders | Plot D, Alders_

No trees/plot 205 198
Total biomass DM (tonnes ha') 40 {32 48) 17 (7-28) 2 {1-3) 10 {6—13)
% attributed to leaf 18 18 12

Total biomass C (tonnes ha'l) 19 {18-19) 8 (7-9) 1(1-1) 5 (4-5)
% attributed to leaf 13 18 18 12
Total biomass N (kg ha) 458(339-579)  201(137-266)  16(12-21) 70 (59-81)

% attrlbuted to leaf 26 32 63 52
70 {61 78) 30 (25-37) 1(1-2) 4 (a-5)
27 74 61
70 {58—83) 67 (52-84) 65 (54-76) 65 (54-78)
136 (108-166) 85 (48-125) 32 (19-48) 64 (36-97)
43 (32-56) 29 (17-43) 16 (10-23) 23 (18-29)
* Astrong and a weak growth plot of each alder and willow (shade, deer attack)
* Above ground biomass C, N, P for 2 years was near equivalent to that of 9 years
poplar growth in U.S. (Fortier et al. 2015)
* Biomass N and P uptake far greater in willow than alder and alder much of it is

in leaf ie recycled to soils.

. L] . %

Biodiversity [T

The James

EE
traps margin

Coleoptera 10.33 14.46
12.67 14.83

7.92 121
Collembola 24.08 19.88

* Pitfall trapping showed carabid activity-density and species richness were
significantly higher in controls (adjacent grass margins not utilising the I1BZ
design) compared to eco-engineered margins.

* Total invertebrates, as sampled by pitfall trapping, showed no differences
between control and IBZ buffers, nor between alder and willow plots of the
latter.

* Plant species richness and diversity similiarly show no difference between
alder and willow plots.

* 28 months since establishmentis considered a very short time over which to
expect changes in habitat and biodiversity




Why not invest the money
in measures in the field?
Canthat have more multiple
benefits?

Don’t the drains benefit
from good flushing that will
not occur if you break the
drains into the ditch? Then
the field may get wetter
and with more saturation-
excess erosion.

© Comments from farmers

Will harvesting the biomass
be allowed under the CAP
Ecologicalfocus areas?

Is it realisticto harvestthe
biomass from these? Will it
need a machine, can it be

done by hand? Maybe for
farms with a biomass boiler
it might be worthwhile

——
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Directions: Fettercairn to Balruddery DISTANCES IN KM

Inverey [ Parking ~ | Traffic ~
Map  Satellite spittal of Stonehaven
Glenmuicl k ra
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Google Bridge geEam St Andrews Man data @018 Gannle | Torm of et

Distance Directions
Include points of interests (eg services)

0.0 Start: 39 Distillery Rd, Fettercairn, Laurencekirk AB30 1YB,
UK
Head east on Distillery Rd towards Dowrie PI

0.3 Continue onto School Rd

0.1 At the roundabout, take the 2nd exit onto Main St/B966
Continue to follow B966

8.1 Turn right onto Dunlappie Rd

0.2  Turn left onto The Dr

0.0 Arrive: The Shieling, The Dr, Edzell, Brechin DD9 7XX, UK
Section time: 11 min 34 s, Total time: 11 min 34 s

0.0 Start: The Shieling, The Dr, Edzell, Brechin DD9 7XX, UK
Head north-west on The Dr towards Dunlappie Rd

0.0 Turn right onto Dunlappie Rd

0.2 Turn right onto High St/B966
Continue to follow B966

54 At the roundabout, take the 3rd exit and stay on B966

Brechin B966

Edinburgh |(M90)|

Dundee A90

0.5 At the roundabout, take the 2nd exit onto the AS0 slip road to

Dundee/Edinburgh/M90

Edinburgh |(M90)|

Dundee A90

Total

0.0 Show map

0 3 Show map

0 5 Show map

8.6 Show map
88 Show map

8.5 Show map

88 Show map

8 8 Show map

a0 Show map

14.5 Show map

15.0 Show map



0.2  Merge onto A90 15.2 sShowmap

40.0 At the roundabout, take the 2nd exit and stay on A90 55.2 Showmap
Go through 1 roundabout
1.6 Continue straight onto Kingsway/A80 56. Showmap

Edinburgh ((M90)|

Perth A90

2.3 Atthe roundabout, take the 2nd exit onto Kingsway W/AS0 59.1 Showmap
16  Take the A923 exit towards City Centre/Coupar Angus/Birkhill ~ 60.7 Showmap

/Lochee
City Centre
Coupar Angus A923
Birkhill
Lochee
0.2  Atthe roundabout, take the 3rd exit onto Coupar Angus 61.0 Showmap
Rd/A923
Continue to follow A923
Coupar Angus
Blairgowrie  A923
Birkhill
6.4 Turn left 67.4 Showmap
1.3  Continue onto Benvie Rd 68.6 =Showmap
0.5  Turn right to stay on Benvie Rd 69.1 Showmap
0.2 Turn right onto Berryhill Rd 69.3 Showmap
2.0  Arrive: Balruddery Farm, Dundee DD2 5LL, UK 71.3 Showmap

Section time: 53 min 18 s, Total time: 1 h 4 min



Directions Balruddery to Aberdeen airport (beware peak time traffic in Aberdeen ~5pm, but there’s
plenty of time allowed!). DISTANCES IN MILES | FORGOT TO CONVERT IT!

o

[ Parkingw | Traffic v

o
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From Balruddery Farm, Dundee DD2 5LL, UK to: Airport Road, Aberdeen AB21, UK
Distance: 78.0 miles (show in km) | Time: 1 hr 41 min

Distance Directions Total
Include points of interests (eg services)
0.0 Start: Balruddery Farm, Dundee DD2 5LL, UK 0.0 Showmap
Head north towards Berryhill Rd
0.2  Continue onto Berryhill Rd 0.2 Showmap
1.0 Turn right onto Benvie Rd 1.2 Showmap
1.9 Turn left onto A90 31 ==
1.0  Atthe roundabout, take the 2nd exit onto Kingsway W/AS0 4.1 Showmap
0.8 At the roundabout, take the 2nd exit and stay on Kingsway 4.9 Showmap
WI/AQ0
2.5  Atthe roundabout, take the 2nd exit onto Kingsway/A90 7.4 sShowmap
1.4 Turn left onto Forfar Rd/A90 8.8 Showmap

Continue to follow A90
Go through 1 roundabout

Aberdeen
Forfar (L]

1.0  Atthe roundabout, take the 2nd exit and stay on A90 g9 ——

60.4 At the roundabout, take the 2nd exit onto Stonehaven Rd/A90 70.3 Showmap
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Ghillies Lair Aberdeen
At the roundabout, take the 2nd exit onto S Anderson Dr/A90
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Toby Carvery Cocket Hat Aberdeen
At the roundabout, take the 2nd exit onto N Anderson Dr/A90

At the roundabout, take the 2nd exit and stay on N Anderson
Dr/A90

Inverness  (A96)

Peterhead
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At the roundabout, take the 1st exit onto Great Northern
Rd/A96
Continue to follow A96

Airport

A96
Inverness

Slight left towards Inverurie Rd/A96

Slight left onto Inverurie Rd/A96
Continue to follow A96
Go through 1 roundabout

Keep right to stay on A96
Turn right onto Dyce Dr

Turn left onto Airport Rd
Destination will be on the left

Arrive: Airport Road, Aberdeen AB21, UK
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