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1 Context
The AGFORWARD research project (January-R6dédmber 2017), funded by the European
Commission, is promoting agroforestry practices in Europe that will advance sustainable rural
development. The project has four objectives:
1. to understand thecontext and extent of agroforestry in Europe,
2. to identify, develop and fieldest innovations (through participatory research) to improve the
benefits and viability of agroforestry systems in Europe,
3. to evaluate innovative agroforestry designs gmactices at a field farm and landscape scale,
and
4. to promote the wider adoption of appropriate agroforestry systems in Europe through policy
development and dissemination.
Thisreport contributes toObjective 2, Deliverable Y & 5 S i A f S iRtioriiod caseStdy RS a O NJ
agroforestrya & a (.STWedetailed system description includes the key inputs, flows, and outputs
of the key ecosystem servicestbe studiedsystem. It covers theagroecologyof the site(climate,
soil), the components (tree sped, crop system, livestock, management system) and key ecosystem
services (provisioning, regulating and cultural) and the associated economics.valliee data
included in this reporwill also informthe modelling activities whichelp toaddress Objecti 3.

2 Background

The initial stakeholder reportSmith et al 2014) and the research and development protocol
(Fradgley and Smitl2015 and Smith, 2015provide background data ailvoarable systems in the

UK These systems amurrently rare in the UK. The few systems that exist are usually based on an
alley cropping design with arable crops in the alleys. The tree component consists either of top fruit
trees (apples, pears and plums), timber trees,stiort rotation coppice forbiomass feedstock
production The development of arable crops specifically adapted for agroforestry systems was
identified as an innovation for further development at the workshop held on 18 November 2014
(Smith et al. 2014).

Evolutionary plant breedingan be used talevelop varieties that are particularly well adapted to
growing in close proximity to tree3he principle is to let natural selection act on these diverse crop
populations to select the plants that are best suited to the prevailing carditi.e. develop an
Wi ESEIRERS Q  LJ2 Lidzf | (A 2yWi NB/R  BIRpriddgivhést s88podite cross population
(CCP) was grown in plots across a willow system agroforestry alley im?0dakelyns Agroforestry
Plots of bulk CCP were harvestegaeately from plos on either side of the alley. In 2015bjtseed
was usedto sow 12 M plots in a replicated crossver trial to test the effect of the population
adapting under natural selection to each environment

3 Update on field measurements

Yieldmeasurementgt/ha), hectolitre weight (g), and thousand grain weight (T@&@4cribedin the
research and development protoc(fradgley andsmith 2015)were carried out in2015 whenthe
plots were harvestedThis report presents #sedataand providesa detailed description of the case
study systemWakelyns Agroforestry
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4 Description of system

Tablel provides ageneraldescription ofsilvoarableagroforestry systerain the UK A description of
a specific case study system is providedale 2. Missing data will catinue to be sourced during
2016

Tablel. General description of theilvoarablesystem

Generaldescriptionofsystem

Name of group Silvoarable agroforestry in the UK

Contact Jo Smith

Work-package 4: Agroforestry for arable farmers

Associated WP 3: High value trees

Geographical extent| Silvoarable systems are found throughout Eurdmet rare in the UK,
Estimated area Very small nationallg probably less than 1000 ha

Typical soil types | Varied

Description In recent years, a small but growing number of adventurous farmers and

growers have been planting new alley cropping systems. The tree compg
consists either of top fruit trees (apples, pears and plums), short rotation
coppice, and/or timber trees, witarable orhorticultural crops in the alleys.
The drivers behind planting trees into arable systems vary from farmer tg
farmer, but are often related to improving the environmental conditions fa
the crops (reduced wind speeds providing shelter; improwettfional
biodiversity) as well as diversifying the business by introducing a new pr(
The systems are usually organised as alley cropping systems with alleys
varying in width from 10n to 24m (workable alley).

Tree species Varied:

Fruit trees:Malus domesticdapple)

SRC species such aflaw (Salix viminalisand hazel Corylus avellana
Timberspecies such asnaltleaved limgTilia cordatd, hornbeam(Carpinus
betulug, wild cherry(Prunus aviun) Italian alder(Alnus cordat ash
(Fraxinus excelsioak (Quercus petragaandsycamorgAcer
pseudoplatanus

Tree products Top fuit (apples)
Woodchip for bioenergy and/or mulch/compost
Timber
Craft materials (willow for sculpturéencingand hazel for thatchingedge
laying

Cropspecies Wheat (spring and winter varieties plus composite cross populatibmtjgum
spp

Barley Hordeum vulgare
Oats Avena sativa

Oil seed rapéBrassica napys
Field vegetables

Crop products Grain, rape oil, vegetablesd fruit

Animal species Usually none; occasionally pigs, poultry or ruminants as part of the rotati
Animal products Not applicable

Other provisioning

services
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Regulating services

The trees can providghelter for the crops (reduced wind speeds, reduced
soil erosion, reducevapotranspiration in summer)

Aboveground, the trees will increase carbon storage

Tree roots can reduce soil erosion and access nutrients below the crop r
bringing nutrients to the upper soil horizons through leaf fall.

The tree rows support funanal biodiversity that regulate pollination, pest
control and decomposition services.

Habitat services and
biodiversity

The tree row represents a stable habitat in an otherwise highly disturbed
agricultural landscape so can provide shelter and resources for plants an
animals, as well as acting as corridors linking up atkerinatural habitat
patches. These species mayhbmneficial, neutral or detrimental to
provisioning services.

Cultural services

Introducing trees into an arable system may increase job opportunities a
skillswith regards tree managementhe landscape also changes from an
open arable landscape to agply wooded environment depending on desig
of the system. This landscape change can bé hotimprovementand
degradation depending on the context and individual preferences.
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Table2. Description of the specific case stugjystem

Specific description of site

Area Farm = 22.%ha
Willow short rotation coppice$R{Esilvoarable system4ha
Hazel SRC silvoarable syste®ha

Coordinates 52.361489N 13559639E
Site contact Jo Smith or Martin Wolfe

Site contact email |jo.s@organicresearchcentre.com
wolfe@wakelyns.co.uk

Example
photograph

e 1 " W o vy Z
Figurel. Barley in the short rotation coppiegllow silvoarable system at
Wakelyns Agroforestry

Figure 2. Potatoes in theRC hazel silvoarable system, Wakelyns Agrofory
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Map of system

¥ \'Jakdjﬂ s i
W —I— E iy, Ml
. Mendham Mt Aaro fonstrj :
Mestingpointof B\ gy

thyee pavish
boundaries

Fra,s&mg‘:-dd Read

['— ' Metfield

Figure 3. Map of Wakelyns Agroforestry (SRC systems are in Field 4 (Hg

and Field 5 (Willow)

Fields and tree systems

1. CI NJ CAStR w Hb KI @ GNBS Nibérspetids!|
(Ash, Wild Cherry, Italian Alder, Sralived Lime, Sycamore, Oak, Hornbeam

2.2 GSNJ CASfR w b KI w GNBS NBga | &

3.12YS CASEtR w Hb KI w GNBS NER g aandihuN
trees (plum, cherry, apple, pear, quince, apricot, peach, hazel), each of mult
varieties

4 1TSSt CAStR w Hb KIF w GNBS Nega LIX
individual genetically distinct; each row coppiced every years

5. Willow Fieldo nKlF o GNBS NRga LI I yidSRwiml
willow varieties; each row coppiced every-2years

6. +tAYyS@FINR 6c¢clt0 YR aAR CASfR 0coU0

7. b2NIK CASftR w ob KI w GNBS NRga LI
Qaiinterspersed with varieties of plum; other walnuts and plums have been
added occasionally since then, and one row is not yet planted

8. Old Paddock (sometimes used for compostking)

9. Kitchen Garden
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Possible modelling scenarios

‘ \‘

Comparison

Mean monthly
temperature

Climatecharacteristics

Willow SRC (coppiced evernB3ears) vs. hazel SRC (coppiced every 5 ye
Different cereals/varieties/mixtures in alleys

Wheat composite cross populatiogsievelopment and performance of
WSRISQ LRLIA FGA2ya @ad WHiftSe OS

6.1°C mean min temp and 14.4°C mean max temp (mean for-208Q@)

Mean annual
precipitation

620.2mm

Details of weather
station (and data)
Soil type

Scole met office weather station, location 52.365, 1.16023msl|
http://www.metoffice.gov.uk/public/weather/climate/ul2cfksmy

characteristics

Soil type Beccles series (WHRRItric Albic Luvic StagnospiSlowly permeable
seasonally wet slightlgcid but baseich loamy and clayey soils

Soil depth 25cm

Soil texture Sandy clay to clay loams (sand 49%, silt 23%, clay 28%)

Additional soil

P K Mg Organic pH CQ burst
(mg/l) (mgll) (mgll) Matter (ma/kg)
(LOI %)
CQop alley | 14.7 134.75 55.5 4.825 8.1 25.625
Treerow | 20.4 165.5 67.075 6 8.175 149.3

Soil analyses of foumomposite samples in centre of crop alley and centre
tree row carried out in September 2015

Aspect
Treecharacteristics
Species and variety

Flat

Hazel SRC syste@orylus avellana
Willow SRC systensalix viminalis

Date of planting

February 1995

Intra-row spacing

Hazel:1.5 m between trees, 1.5 between twin rowdi.e. 2 lines of trees in
each tree row)

Willow: 1.2m between trees, 1.5 betweentwin rows(i.e. 2 lines of trees i
each tree row)

Inter-row spacing

Cereahllley 10m wide Tree row ~3n wide

Tree protection

None; mypex weed control barrier

TypicalSRGield

Hazel:25.56kg/stool oven dry weight ©QDW (translates to annual productio
of 5.44t/ha of agroforestry, based on harvesting every 5 yeard 1064
stools/haof agroforestry

Willow: 7.5kg/stool ODWtranslates toannual production of 4Jt/ha of
agroforestry, based on harvesting every 2 yeard 1320 stools/haf
agroforestry

Typical increase in
tree biomass

Crop/understorey ch
Species

Based on data above:

Hazel25.56 kg/stool ODWafter 5 years regrowth = 5112 kg/stool ODW/year
Willow 7.5 kg/stool ODW after 2 years-growth = 3.@5 kg/stool ODW/yea
aracteristics

Organic cereals and field vegetables

Management

Sixyear aganic rotationwith 3 years of fertility building ley.

Typicalcerealyield

Yields per ha of crop (not per ha of agroforestry)

System description
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Oats: 57 t/ha
Springwheat 15 t/ha
Winter wheat 47 t/ha
Barley: 3.5 t/ha
Triticale: 5.5 t/ha

Fertiliser, pesticide, machinery and labour management

Fertiliser Diverse fertilitybuilding ley grown 3 years out of 6 year rotati@ut regularly|
and then incorporated into sollefore next cropFirst cut usually composteq
and applied to other alleys
Pesticides None
Machinery Plough, power harrow, drill, combine, mower (for ley); traetoounted
circular saw for SRC harvest
Manure handling None

Labour Two part time contractors do the field operations, includBigarvesting.
Tree surgeon prunes the standard trees.
Fencing Fields have diverseboundary hedgeows

Livestock management

Species and breed | Small flock of organic laying hefifhodelsland redLight Qussex, Norfolk
grey,Moran)

Description of Pen with40-50 hens in alleysneasuring 15m x 75m, centred on tree row.
livestock system

Financial and economic characteristics

Costs To be determined
Costs of tree establishment, harvestiagd processing
Cereal production

5 The tree component

5.1 Short rotation coppice production

Biomass production of the SRC willow has been measured since 2011 and the hazel since 2014.
Willow isharvested on a 2 year rotatignvith every other row beindparvested in a particular year
(i.e. 50% of the rows are harvested each yeaagdfls harvestedn a 5 year rotationwith only one

side of the twin row being cut in any yedefore the mainharvest, sample stools are cut by hand
with a chainsaw and weghed using a spring balance mounted on a tractor (Figure 4). Stools are
randomly selected every 12 along the tree rowWith the willow, the twin rows within each tree
row are cut and so stools from alternate rows (east/west) are sampth the hazel,only one of

the twin rows (east or west) is cut anyyear and so all stoolre fromthe same sideSubsampling

and ovendrying of the willow and hazel in previous years have indicated a moisture content of on
average 50%or willow and 32%or hazeland this is used to convert fresh weight to oven dry weight
(ODW). Biomass production fisst presented as ODW kg/stog¢Table 3) and then converted to
annual production/100m and per ha agroforestry(Table 4)
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Figure 4. Weihing willow sample witlattor-mounted sprig balance |

In 2015, he alorific contentof woodchipwas analysed (for the project TWECOMpaneasure of

the energy content of the fuel. Woodchip samples were sent to the BioComposites Centre at Bangor
Universityand their caloiific content determined. Each onl&re woodchip sample was milled t&

fine powder using a Glenréston mill. The powder was dried overnight and then combusted and
analysed using a Parr 6100 bomb calorimetédre esults were reported in MJtkand converted to

GJit

Table 3. Biomass production of willow and hazel SRC (ODW=oven dry weight, n=number of stools
sampled, sem=standard error of the mean)

Year
Willow
2011/12

2012/13
2013/14
2014/15

2015/16

Hazel
2013/14

2014/15

2015/16

ODW kg/stool

East tree row

6.03

(n=9, sem=0.53)
10.39

(n=11, sem=1.62)
5.34

(n=16, sem=0.90)
8.79

(n=19, sem=1.33)
7.66

(n=19, sem=1.53)

East tree row

23.41
(n=20, sem=155)
25.33
(n=10, sem3.05
27.93
(n=9, sem=3.21)

West tree row

6.72

(n=9, sem=0.59)
7.95

(n=11, sem=1.42)
4.53

(n=15, sem=0.78)
7.87

(n=19, sem=1.32)
7.25

(n=17, sem=1.35)

West tree row

22.17
(n=10, sem2.36)

23.88
(n=33, sem.23

37.74
(n=10, sem=2.15)

System description
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Table 4. Average biomass and energy production of willow and hazel SRC per ha of agroforestry

Biomass Stools/ha ODW t/ha Annual GJ/it  Annual energy
production agroforestry agroforestry biomass production
kg/stool production (GJd/ha
(ODM) (ODW t/ha agroforestry)
agroforestry)
Willow
2 yrcycle 7.25 1320 9.57 4.79 19.11 91.44
Hazel
5 yr cycle 25.56 1064 27.20 5.44 19.35 105.25

6 The @realcomponent

2014 cereal trials

The 2014 cereal trials af spring oat variety (Canyon), a spring barley variety (Westminster), a spring
triticale variety (Agrano), two spring milling wheat varieties (Paragmh Tybalt), an equal mixture

of Paragon and Tybalt and a spring wheat Composite Cross Populatiorhé@EBEeen reported in
Fradgley and Smith (2015 or information, l§ures 5 and 6 show the yields of the various cereals in
plots running from the easif the SRC willow row (Bed 1) to west of the SRC willow row (Bed 6).

91 @ Oats - Canyen
8 - o ° B Paragon/Tybalt Mix
() A Wheat - Paragon
r ® ¢ Wheat - Tybalt
® YQCCP
<6 1 * ¢ ¢®YQCC
<
s A
[}
2 A P
£ 4 V'S X3
g Ad ¢ P
O 3 |
: '
1 -
0 T T T T T T T 1
Coppiced 1 2 3 4 5 6 Standing
hedge hedge

Bed

Figure 5. The mean grain yield<&) of a spring oat and wheat varieties, mixture and composite
cross population (YQCCP) in six positions across a ten m wide agroforestry catipgif@lley 4)
between a coppiced and standing willow tree row2014

System description www.agforward.eu
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[ # Triticale
6 - V'S ¢ ¢ A Barley -
¢ Westminster
YQCCP
5 . Q
g S
S, *
£ A A
= A
.% 3 4 A
o
Y
2 -
1 .
0 T T T T T T T 1
Coppiced 1 2 3 4 5 6 Coppiced
hedge Bed hedge

Figure 6. The mean grain yield#r2) of spring triticale and barley varieties and a composite cross
population (YQCCP) in six positions across a ten meter wide agroforestryngragigy (Alley 2)
between coppiced willow tree rowia 2014

Composite GrossPopulation trial

In 2015, & experiment was established to test material selected in contrasting environments near
to and away from the agroforestry tree rows. A replicatedssmver experiment aimed to compare
performance of selected material in each environment based on the hypothesis that wheat lines will
perform best in the environment fromwhich K S&@ ¢ SNBE & SISRABHR aSx ADOAE SR ff €
perform better in 5 WISREAS&® LI 2 4GS yiiNByR sphingfyiia@iticamposite cross
population (CCP) was grown in plots across a willow system agroforestry alley in 2014. Plots of bulk
CCP were harvested separately from plots on either side of the alfgent to the tree rowqEast

of Trees (EOT), West of Trees (WOT)) and the alley centre (Centre of Alley KC&¥iNg 2015,

plots measuring 1.2m by 10.2m were drilledin a replicated crossver trial in a hazel SRC
agroforestry systemnto test the effe¢ of the population adapting under natural selearti to each
environment Yield measurements (t/ha, hectolitre weight (g), and thousand grain weight (TGW))
were carried out irmutumn2015 when the plots were harvested.

The statistical analysis was carriegt using R version 2.10.0 (R Development Core Team, 2009). To
identify the effect of alley location on the wheat populations, yields, hectolitre weight and thousand
grain weights were analysed with twoway ANOVAAlley location (EOT, COA, WOWheat
population (EOT, COA, WOand the interaction between the twavere included as the fixed
factors, and replicate block as the random effect.
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Yields ranged between 0.90 and 3.99 t/ha (@15% moisture content); hectolitre weights between
367.83g and 383.79 (@15% m.c) and thousand grain weights betwee®@gand 50.48 (@ 15%
moisture conten}. There was a significant effect tdfcation on yield (k1= 48.89 p<0.00} and
hectolitre weight (E;~= 4.81, p<0.0% but not onthousand grain weightYields ad hectolitre
weights weresignificantly highein the centre of the adly than at either edge (Figurg.There were

no significant differencebetween the different populations faany of theyield parameters,and no
significantinteractions between thegopulations and their locations. This suggests that at this stage,
there is no adaptation of populations to their selected locations (i.e. EOT populations do not perform
any better in the EOT locations than in the other locations).

(a) Yield (b) Hectolitre weights
382 -

“ 380
€ 35 - £
b 3. © 378 -
b H 376 -
© 25 - 9
E ] E 374 -
S S
815 - 5 372 1
® 1 - ® 370 -
© [@2]
£ 0.5 - 368 -

0 - 366 -

East Of TreesCentre Of West Of East Of Trees Centre Of  West Of
Alley Trees Alley Trees
ALLEY LOCATION ALLEY LOCATION

Figure 7(a) The mean main yieldand (b) hectolitre weightsef a composite cross population (YQCCP)
in three positions across a ten meter widdley. Error bars show the standard error of the mean.

7 Microclimate data

As part of two previous FPTesearch projects (SOLID and ®oee) and continuing witin
AGFORWARDnNonthly point measurements of air temperature, wind speed, wind chill, relative
humidity, soil moisture and soil temperature have been taken in the willow SRC silvoarable system
and a neighbouring field that has no trees (but is part of the same arable rotalibrge transects
have beenestablished within each system (agroforestry and control), running east to west. Within
the agroforestry system, transectarr from alley centre to alley centre, with the willow tree row in
the centre of the transect. This desighows spatial and temporal variation within the alleys to be
studied as the willow goes through theo year rotation between harvests, with each transect
centred on willow rows cut on the same rotatiodafiuary 20112013 2015. On each agroforestry
transect sample pointsi@ located at 4 m, 2 m and alley edge west, centre of tree row, and 4 m, 2 m
and ed@ east of the tree row to give sevesample points per transect in the agroforestry system
(Figure 8). Within the netree control, four sample pointare spaced 4 m apton each transect

System description www.agforward.eu
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Figure 8. Microclimate sample points in the willow agroforestry system

Monthly measurements have beecarried out at each of the sample points on transects in the
agroforestry and control fieldsinceFebruary 2012In this report we include data untilarch 2015.

Air temperature (°C), average wind speed otemninute (m/s) and wind chill (°C)ra measured at

1.5 m above ground using a Kestréd® anemometer. Soil moistures imeasured using a HH2
Moisture Meter with the SM300 soil moisture probe from Delta T (average of 3 readings per sample
point), and soil temperature using a pushsoil thermometer.

In general, wind speedsere higher within the netree control field than in the agroforestry system
(Figure 8a); combined with point measurements of air temperature at 1.5 m (Figure 8b), the
resulting wind chill was colder in the control plots in most months (FigureRasative humidity
appears to be higher in the control during the summer months (Figure 8d). Hnerao obvious
differences in soil temperature (Figure 8e) but soil moisture was consistently lower in the
agroforestry tree rows than the other locations (Figure 8f).
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Fig. 8(a) Average wind speed
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Fig. 8(b) Air temperature
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Fig. 8(c) Wind chill
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Figure 8(d) Relative humidity
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Fig. 8(e) Soil temperature
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Fig 8(f) Soil moisture
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Figure 8. Monthly microclimate data measured on transects running across SRC willow silvoarable alleys-tiad sontol field, Wakelyns Agroforestry
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8 Plans for 2016
The plans for 2016 are still to be fulietermined but neasurements of Leaf Area Index and
Radiationwill follow the common protocol developed by Mirck et al (2015).
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