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1 Context

The AGFORWARD research project (January 2@dcember 2017), funded by the European

Commission, is promoting agroforestryaptices in Europe that will advance sustainable rural

development. The project has four objectives:

1. to understand the context and extent of agroforestry in Europe,

2. to identify, develop and fieldest innovations (through participatory research) to impeothe
benefits and viability of agroforestry systems in Europe,

3. to evaluate innovative agroforestry designs and practices at & fidldn and landscape scale,
and

4. to promote the wider adoption of appropriate agroforestry systems in Europe thrquaicy
development and dissemination.

Thisreport contributes to Objective 2. tontains results of the studied innovatioftem oneof the

systemsbeing studied within worpackage 4 which focuses on agroforestry for arable systems.

Together with other reports, this document will contribute Beliverable 4.11on lessons learnt

from agroforestry forarable farmers. Similar reports exist for agrofestry of high nature and

cultural value, agroforestry with high value trees, and agroforestry for livestock systems.

2 Background

The initial stakeholder reportSmith et al 2014) and the research and development protocol
(Fradgley and SmitB015 Smith 2A5) provide background data ogilvoarable systems in the UK
There is also a system descriptiprovided bySmith(2016) These systems amurrently rare in the

UK. The few systems that exist are usually based on an alley cropping design with aiadbie tne
alleys. The tree component consists either of top fruit trees (apples, pears and plums), timber trees,
or short rotation coppice(SRCjor biomass feedstock productiofhe development of arable crops
specifically adapted for agroforestry systemwgas identified as an innovation for further
development at the workshop held on 18 November 2014 (Smith et al. 2014).

Evolutionary plant breeding can be useddevelop 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 conditions i.e. develop an
‘ a leldegye ’ popul at-demt raen'd pgaepping vetabat teogposite cropspulation
(CCP) was grown in plots across a willow system agroforestry alley im20dakelyns Agroforestry
Plots of bulk CCP were harvested separately fromspbot either side of the alley. In 2015jdseed

was usedto sow 12 m plots in a replicked crossover trial to test the effect of the population
adapting under natural selection to each environmehhis was repeated in 2016. Thisl e ssons
| e a repdrt”summarises these trials, as well as presenting yield data from the short rotation
coppied willow and hazel grown as the tree component of the systéhe report also includea
summary of the modelling work carried out using YA8RIFE to assess the overall productivity of the
willow SRC silvoarable system.
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3 Description of system
A desciption of the system is provided in Table 1.

Tablel. Description of the specific case study system

Specific description of site

Area

Farm = 22.%ha
Willow SRC silvoarable syste#hha
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

Climate characteristi
Mean monthly
temperature

Figure 2. Potatoes in the SRC hazel silvoarable system, Wakelyns Agrof

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

Mean annual
precipitation

620mm

Details of weather

Scole met office weather station, location 52.365, 1.160023msl|

station (and data)

http://www.metoffice.gov.uk/public/weather/climate/ul2cfksmy
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Soil type
Soil type Beccles series (WHRItric Albic Luvic StagnospiSlowly permeable
seasonally wet slightly acid but baseh loamy and clayey soils
Soil depth 25cm
Soil texture Sandy clay to clay loams (sand 49%, silt 23%, clay 28%)
Additional soll
characteristics P K Mg Organic| pH COo2
(mg/l) | (mg/l) | (mg/l) | matter burst
(LOI %) (mg/kg)
Qop alley 14.7 | 134.75| 55.5 4.825 8.1 25.625
Tree row 20.4 | 165.5 | 67.075 6 8.175 | 149.3
Soil analyses of fomomposite samples in centre of crop alley and centre
tree row carried out in September 2015
Aspect Flat

Treecharacteristics
Species and variety

Hazel SRC systef@orylus avellana

Willow SRC systen$alix viminalis

Dateof planting

February 1995

Intra-row spacing

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

Willow: 1.2m between trees, 1.5n between twin rowgi.e. 2 lines of trees ir|
each tree row)

Inter-row spacing

Cereahlley 10m wide Tree row ~3n wide

Tree protection
Crop/understorey ch
Species

None; mypex weed control barrier
aracteristics

Organic cereals and field vegetables

Management

Sixyear aganic rotationwith three years of fertility building ley.

Typicakerealyield

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

Oats: 57 t/ha; Spring wheat 5 t/ha; Winter wheat 47 t/ha
Barley: 3.5 t/haTriticale: 5.5 t/ha

Fertiliser, pesticide, machinery and labour management

Fertiliser Diversefertility-building ley grown 3 years out of 6 year rotat@ut regularly|
and then incorporated into soil before next crdpirst cut usually composted
and applied to other alleys

Pesticides None

Machinery Plough, power harrow, drill, combine, mowgor ley); tractormounted

circular saw for SRC harvest

Manure handling

None

Labour

Two part time contractors do the field operations, includiBigarvesting.
Tree surgeon prunes the standard trees.

Fencing

Species and breed

Livestock management

Fields have diverseboundary hedgeows

Small flock of organic laying hefifodelsland redLight Sussex, Norfolk
grey,Moran)

Description of
livestock system

Pen with40-50 hens in alleysneasuring 15n x 75m, centred on tree row.
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4  The tree component

4.1 SRC production

Biomass production of the SRC willow has been measured since 2011 and the hazel since 2014.
Willow isharvested on a twgear rotationwith every other row being harvested in a particular year

(i.e. 50% of the rows are harvested each yedgzelis harvestedn a fiveyear rotation with only

one side of the twin row being cut in any yeBefore the mainharvest, sample stools we cut by

hand with a chainsaw and weighed using a spring balamsunted on a tractor (Figure.3

Figure 3Weighing willow sampleiith tractor-mounted spring balance

Stools wee randomly selected every I along the tree rowWith the willow, the twin rows within
each tree row are cut and so stoolerh alternate rows (east/west) we sampled With the hazel,
only one of the twin rows (east or west) is cutainyyear and so all stoolsere fromthe same side
(from 23 rows)with an average of 23 trees sampled per ydaraddition to the Byear regrowth
samples, some additional samples were collected fromewifit aged regrowth, but with fewer
replicationsand from only single years (4 year regrowth in 2016, 6 year regrowth in 2014, 7 year
regrowth in 2013 and 9 year regrowth in 2015ubsampling and ovedrying of the willow and
hazel in previous years hawedicated a moisture content of on average 5@owillow and 32%or
hazeland this is used to convert fresh weight to oven dry weight (ODW). Biomass produdtish is
presented as ODW kg/treand then converted tdODWper ha ofagroforestryand annualODW
calculated for comparisofTable 2.

Table2. Biomass production of hazel and willow short rotation coppice at Wakelyns Agrofore:

Species and N* Trees Moisture Oven dry weight
age of density | row density content (kg/tree) (t/ha) (t/halyr)
regrowth per 100 area per (%)

m (m?) hectare
Hazel4yr | 8 133 300 | 1000 | 1023 32 24.92 25.49 | 6.37
Hazel 5yr | 92 133 300 | 1000 | 1023 32 23.65 24.19 4.84
Hazel 6 yr | 10 133 300 | 1000 | 1023 32 25.69 26.28 4.38
Hazel 7yr | 10 133 300 | 1000 | 1023 32 3291 | 3367 | 481
Hazel9yr | 10 133 300 | 1000 | 1023 32 37.74 | 3861 | 4.29
Willow 2 yr | 181 165 300 | 1000 | 1269 49 7.64 9.70 4.85

*Number of trees sampled.

Lessons learnt: silvoarable agroforestry in the (pHrt 1) www.agforward.eu



In 2015, the alorific contentof woodchip was analysed (for theroject TWECOM)sa measure of

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

fine powder using a Glenr&ton mill. The powder was dried overnight and then combusted and
analysed using a Parr 6100 bomb calorimetédre esults were reported in MJ/Kand converted to

GJ/t and annual energy production (Table 3)

Table 3 Energy production of hazel and willowrshotation coppice at Wakelyns Agroforestry

Energy content Annualenergy yield

GIn (GJd/hg
Hazel 4 yr 19.35 123.32
Hazel 5 yr 19.35 93.63
Hazel 6 yr 19.35 84.76
Hazel 7 yr 19.35 93.08
Hazel 9 yr 19.35 83.02
Willow 2 yr 19.11 92.65

Thetwo species of SRC produce very similar yietd$er current rotations (hazel 5 years and willow

2 years)when converted to annual biomassqgauction. This gives farmers two options produce a
similar outcome; a willow system where the canopy is removedrgw@her year so reducing the
amount of shade on the alley crops, but requiring more frequent harvest (and potentially more
competitive with crops for water and nutrientsersus a hazel system with slower growing trees,
potentially casting more shade, buiith fewer harvests to achieve the same yield. A detailed study
of crop yields and microclimate conditions in the two systems would allow us to calculate and
compare total productivity.lt would also be good to include other ecosystem services such as
biodiversity impacts (e.g. willow provides early season resources for bumblebees).

Yields of the four year regrowth hazel suggest that harvesting one year earlier than current practice
may be more productive. However, these data were from only a single year and a limited number of
trees, so further investigation would need to be carrmd before changing the rotation. It may also

be that harvesting on a four year rotation would impact future regrowth and yields.

How much agroforestry is needed to heatfarmhouse?

Atypical farmhouse boiler (380 kW) uses 340t of seasoned chiyear(at 30% moisture content)
Converting theoven dry weight @QDW) yields to 30% moisture content, between 4.76 and 6.35 ha of
agroforestry (3n wide tree rows and 1t wide alleys) is needed to heat a farmhouse each year.

Lessons learnt: silvoarable agroforestry in the (pHrt 1) www.agforward.eu



5 The ®realcomponent

2014 ceeal 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 (Paragon and Tybalt), an equal mixture
of Paragon and Tybalt and a springeat Composite Cross Population (CR&)e been reported in
Fradgley and Smith (2015or information, l§ures4 and 5 show the yields of the various cereals in
plots running from the east of the SRC willow row (Bed 1) to west of the SRC willow rog).(Besl

beds are evenly distributed across therhlley with each bednhich is aboutl..7 m wide.

9 - @ Oats - Canyen
8 - ) W Paragon/Tybalt Mix
® A Wheat - Paragon
7 ® o
1 ¢ Wheat - Tybalt
S - . z ® +YQCCP
2 b g
T 5 -
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5 @ * o
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hedge Bed hedge

Figure 4 The mean grain yield é2) of a spring oat and wheat varieties, mixture and composite
cross population (YQCCP) in six positions acrb8srawide agroforestry cropping alley (Alley 4)
between a coppiced and standing willow tree row2014
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Figure 5 The mean grain yield &2) of spring triticale and barley varieties and a composite cross
population (YQCCP) in six positions acrdd3ra wide agroforestry cropping alley (Alley 2) between
coppiced willow tree row 2014
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The results of the 2015 trial were reported irpaster presentedat the 3% European Agroforestry
conference in Montpellier in May 2018y Smith et al(2016). Some important parts of the poster
arereproduced below.

Developing agroforestyadapted cereals using an evolutionary plant breeding approach
Smith J, Fradgleyahd Wolfe MSW

In 2015, & experiment was established to test material selected in contigséinvironments near

to and away from the agroforestry tree rows. A replicated crossr experiment aimed to compare
performance of selected material in each environment based on the hypothesis that wheat lines will
perform best in the environment fromwtht hey wer e seleagteéed s(il de.t e'dalll
perform bett-edgeda’'n plhoetcse att h aernp splidagl mileest)camposite cross
population (CCP) was grown in plots across a willow system agroforestry alley in 2014f Blks o
CCP were harvested separately from plots on either side of the alfifgcent to the tree rowgEast

of Trees (EOT), West of Trees (WOT)) and the alley centre (Centre of Alley KCE#iNg 2015,

Plots measuring 1.2m by 10.2m were drilledin a replicated crossver trial in a hazel SRC
agroforestry systemnto test the effect of the population adapting under natural selestito each
environment Yield measurements (t/ha, hectolitre weight (g), and thousand grain weight (TGW))
were carried outn autumn2015 when the plots were harvested.

The statistical analysis was carried out 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 waghts were analysed witla two-way ANOVAAlley location (EOT, COA, WOWheat
population (EOT, COA, WGaNnd the interaction between the twavere included as the fixed
factors, and replicate block as the random effect.

Yields ranged between 0.90 and 3.88a (@15% moisture content); hectolitre weights between
367.83g and 383.79 (@15% m.c) and thousand grain weights betweef@2and 50.48) (@ 15%
m.c.). There was a significant effect @dcation on yield (k7= 48.89 p < 0.001) and hectolitre
weight (R 17,= 4.81, p<0.05), but not on TGWYields and hectolitre weights wesggnificantly higher

in the centre of the adly than at either edge (Figur®. There were no significant differences
between the different populations foany of theyield parameters,and no significantnteractions
between the populations 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)

Lessons learnt: silvoarable agroforestry in the (grt 1) www.agforward.eu
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Figure6. (a) The mean grain yieldnd (b) hectolitre weightef a composite cross population (YQCCP)
in three positions across a ten meter widdley

Crop yields at the edges of the alleys were roughly half what they were in the centre of the alley, but
there were no significant interactions between populations and their locations. This suggests that, in
this first year, there is no evidence of adaptetito alley location. It is perhaps unsurprising that
there has been no obvious adaptation over such a short period; in a five year project investigating
the level of adaptation that may occur when CCPs are grown continuously at the same specific sites
for a number of years, molecular data and comprehensive field trials found no evidence of wheat
populations adapting to the cropping conditions under which they were gr®ring et al. 2014

The authors attributed this to the influence of yearly fluctuations in weather conditions that
counteracted any adaptation to thdte-specific factors associated with cropping management and
soil conditions. It may be necessary to carry out more detailed selection of high performing
individual pl ants by hand, which are then bul ke
agroforestry.

Experiment in 2016
The experiment has been repeated in the 2016 growing season with a similar experimental design in
a North-Southoriented alley between two willowows with differential management, as the west
row was coppiced. Yielgsults were analysed through a tweays RCB designs. Every factor was
split into sets of two orthogonal linear contrasts to partition difference between:
1 Centre of alley vs. Edges, and WOT (Wgss. EOT (Easf-trees) positions as far as the
positionin the alley is concerned;
1 Centre of alley vs. Edges, and WOT (West. EOT (Easf-trees) CCP selections as far as
the populations position in the previous year is concerned.
The effect of the position in the alley (BED) is highly signifigan©.8 8e- 08 *** ). The situation is
completely different from the previous season. In fact, here, the western tree row has been
coppiced prior to drillingFigure J. Therefore, yield was

Lessons learnt: silvoarable agroforestry in the (pHrt 1) www.agforward.eu
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1 51% more than field average East of the (coppiced) tree row (EOT),
1 Intermediate (20% less than field average) in the centre (COA)
1 Lowest (32% less than field average) West of the {gappiced) tree row (WOT).

p=.000%**

A

200- }

p=.882**

= ==

Bed
Figure7. Wheat grain yield averaged by position in the alley in the 2016 growing seasalue3 of
orthogo n a | |l inear contrasts “Centre (COA) vs. e
(EOT) va. West of trees (WOT)", above the ch

Yield

EOT

dges
art

Unlike in 2015, in 2016 a significant effect of the variety, i.e. the selection of the CCPRlietliti
EOT, COA or WOT position in the previous seasons, was defpctedl012). Although the COA
selected CCP did not differ from the average of the EOT andd&i@died CCP, selection from the
two field edges differed between each other, with theE&election yielding nearly 35% more than
the WOT selectiofFigure 8.

CCP WAF Alleys 2016
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Figure8. Wheat grain yield averaged mheat CCP selecticareproduction positiorin the alley in
the previousgrowing season.-+alues of orthogonal linear contrastsk a s t vs. WESDOF fyees
(WOT)' selection, and ‘centre vs. edge’ selectio
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This result seems to confirm the hypothesis that, in a N&dth alley, conditions alongside
transect orthogonal to the tree rows are differentiated and able to exedifferential selection
pressure over a wheat genetically diverse population. Whether the EOT selection is better adapted
to a silvoarable context, or the WOT may instead accumulate-beatk diseases due to higher
persistence of humidity on the westerids of the tree row, is not clear. However, this experiment
brings the important conclusion that the yield potential of a wheat popatatan be influenced by

the position in an alley between two Norgouth oriented tree rows where it has been multiplied

6 YieldSAFE

The YieleSAFE model, developed Wageningen and Cranfield Universitia22006 (van de Werkt
al. 2007) permits the productivity of agroforestry systenmwer time to be modelled. It uses
calibrated bieparameters of tree and crop speciwspredict daily growth of the species in question
givenlocalised weather datandspecified soil conditions and management practices.

Using the model as was, it was possible to model the yields that might be expectedkatyws
Agroforestryin the caseof a pure arable system, a pure willow SRC system and a veitlivle
agroforestry system for the coppice rotatioft. was assumed that trees would show consistent
growth characteristics across rotation cycles, with the exception ofiteecycle(initial planting to
first full harvest), which would be modelled separatelxrable crops added to the model for this
purpose were: spring wheat, winter squash, potatoes and a-year mixed ley.The modelled
rotation was spring wheat ley — potato — ley— winter squash-ley (repeat).

Figure 9shows the modelled biomass of SRC willowWdbakelyns Agroforestrior a ten year period

30 years into the coppice system. As the model does not pick up aging of the trees due to calibration
limitations (there are no agf yields in coppicing systems), the model projection assumes that the
coppice cycles have reached some sort of stability. The modelled period i20089 selectedo
minimise climate change impacts on the weather assumptiigure9a shows the produdvity of

an individual tree within the system as compared to a pure SRC (density of 15 000 tFpeshtist

Figure ®) takes account of the density of trees per hectare and therefore the absolute biomass
production per unit area. The graphs clearly impigt whilst overall production of woody biomass is
higher in a pure coppice system, tree performance improves dramatically at lower densities,
reaching almost similar levels of stand biomass. With an 80% reduction ircdveeed area
(equivalent to a 20%eduction in area for agricultural use), only 11% reduction in total tree biomass
occurs (mean biomass difference at tree harvest under the described crop rotation). Crops have
different impacts on tree growth, with the percentage effect on total treenbass at tree harvest
ranging from 5% with a grass ley to 19% when coupled with potatoes.

Lessons learnt: silvoarable agroforestry in the (grt 1) www.agforward.eu
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a) SRC willow biomass on a per tree basis
14000
12000
10000
8000
6000

4000 /
2000
4

0 .
) S
N Y
O N
\V \V \V
& &
Y Y

Dry biomass/g tred

tree biomass + squash

tree biomass + potato

tree biomass + ley

tree biomass + spring wheat tree biomass + arable rotation tree biomass in pure SRC (g/tree)

b) SRC willow biomass on a stand basis
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Figure 9Modelled biomass of the SRC willow at Wakelyns Agroforestry frdamuary 2009 to 31
December 2018n (a) a tree by tree basis and (b) for the stand as a whole. 'Rotation’ refers to the
modelled crops in the rotation specified above. 2009 harvest is winter squash. The stand density in
“pure SRC’ i's 15 000 trees ha

Crops similarly show a modelled decline in biomass production when in an agroforestry system
(Figure 10. As beforethis was modelled taking into account the reduced area of crop cover and
extrapolating the growth under agroforestry up as if the whokddfiwas arable (equivalent to a
plant by plant basis).

Lessons learnt: silvoarable agroforestry in the (p&rt 1) www.agforward.eu
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Figurel0. Modelled crop biomass at Wakelyns Agroforestry for the period 01/01/2808.2/2018
for a 100% arable system: rotatiei00% arable; the agroforestry system as is currently at

Wakelyns: rotation AF (system); and the cropped area of the agroforestriegysaken in isolation:
rotation — AF (crop).

The final thing that the models facilitate is comparison between a specialist arable or coppice system
and an agroforestry systenkigure 1lbelow, for example, shows the comparison between the
biomassproduction in the three scenarios 100% arable, 100% coppice and 20:80 wallakte

system (by area as if redistributed into two distinct blocks. This is the relative proportions found in
the Wakelyns system).

N
o

'—\
a1
L
\-.
1\
-
¥
]
~-.
‘?‘
Soee
N
\iﬁh

Dry weight biomass/t hd
H
o

ol
L
e L

)]

{

S
\:
'

)
\:\
~\

]

[ ]
NS~
I
|‘\::

N
[}
i
‘ -
\‘\:

o S > % > > &) Q %
§ 5 & M N N & N & N
" v v v Y v 4 4 Y Y
& S & & o o 3 3 S S
o° P o o° P P P P P o
100% arable willow stand in pure SRC (t/ha)= = === crop (AF)
----- willow stand (AF) - === total biomass (AF)

Figure1l. Modelled total biomass productio at Wakelyns Agroforestry for the periodJanuary

2009to 31 December2018 for an arable, a coppice and an agroforestry (AF) scerfruie. SRC is
modelled as 15 000 trees ha
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Figure 11 shows that there is more total biomass in the pure SRC tlthe agroforestrysystems.

This does not, however, mean a lowsarvestedbiomass as thetotal harvested biomass tree and
crop—over the course of one full crop rotation (three coppice cycles) is modelled &h&7under

the described agroforestrgystem, compared to 47ha’under pure SRC (I®O trees hd) and

32t hatunder pure arable. These figures can be used to calculate a Land Equivalerit B@jidhe

ratio of productivity under agroforestry versus that in disparate systems. A rafidndicates that
greater production is achieved under agroforestry than by an identical areaprateproduction
systems-in other words, a greater area of land is needed to produce equivalent yields if arable and
coppice are spatially seperated tharhen they are combined in an agroforestry system. The LER is
calculated as:

b 1

where AF represents modelled yield Haom the agroforestry system. The LER was calculated
across one full arable rotation (i.e. six yeastarting from 2010 to allow the tree component of the
model to settle

Table 4. Modelled harvestedyields (t ha®) used for LER calculatiomithin an agroforestry (AF),
arable, or willowshort rotation coppice (SR€ystem.

2011 2012 2013 2014 2015 Totals

Squash (AE) - - - - - 0.67

Squash (arablg) - - - - - 2.59

Grass ley (AE) 3.03 - 2.92 - 4.23 -

Grass ley (arablg) 8.21 - 7.28 - 8.36 -

Spring wheat (AR) - 1.23 - - - =
Springwheat (arable) - 2.21 - - - -

Potatoes (AFRy) - - 2.26 - -

Potatoes (arablg) - - 3.42 - -

Total crops (AR)cre+q 14.34
Total crops (arablg)g.+h 32.07
Willow (AF) - 13.72 - 14.55 - 1454 4281
Willow (pure SRG) - 14.87 - 15.81 - 16.11  46.79

P®T T@p

UOYO&XT@((D

T8 U Top PB O

This sort of modelling providethe basis for development to compare systems in terms fof

example, harvested yields, total profitsand optimal coppice:arable ratios. One could even set
targets (based, for exampl e, on the amount of w
needs) and calculate the system design required to meet them. These are some of the questions
now being explored as part of the ongoing FACCE

Lessons learnt: silvoarable agroforestry in the (pHrt 1) www.agforward.eu
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7 Summary of éssons learnt
The principal lessons learnt from the measurements ancenlagions in theWakelyns silvoarable
system include:

1 Willow and hazel offer farmers two alternative system options but with similar returns
Trees have an influence on neighbouring land that varies between growth stage and species.
Willow and hazel, givetheir different management requirements, differ in theffects. Both
species, howeverprovide similar net yields.There is therefordlexibility for farmers to choose
the tree species best suited to their wider farm system without suffering any colesegs in
returns regarding tree biomassThe decision of species on the basis of the wider agricultural
system — as opposed to the fasgt growth and shortest harvest cycle should thus be
encouraged. It is possible that this also extends to other tpecies; this would offer an even
greater range of choices and options to suit any system.

1 The heating needs of a typical farmhouse can be met by a relatively small area of agroforestry
Given a farmhouse boiler of 380 kW and a system design the sameViakelyns(3 m wide
twin tree rows and 10m wide alleys}.76-6.35ha of agroforestry is needed to fully meet the
annual heating needs of a typical farmhouse.

9 Cereal yields are negatively imgtad by proximity to tree rows
Data for all studied cereal crepndicate a decline in yield with greater proximity both to hedge
(coppiced or standing) and tree rowEhe exception is for oats, which seems, in fact, to benefit
from proximity to a coppiced hedge. Further trials are however needed to confirm this as an
interaction with the hedge as opposed to a fieldale effect.

1 One year is insufficient for composite cross population to show any adaptation to envinbaime
conditions
In accordancewith previous studies, seed selection from a composite cross population for
different distances from tree rows does not result in any noticeable change in crop
characteristicover the course of a single growing seastame differences do seem to become
apparent after two years, howeveMore targeted selection and breeding may be needed for
the development of ‘“alley edge’ popul ations.

1 Modelling can be used in partnership with field trials and to assist with management decisions
and system design
Biologtal based models such as Yi8FE allow for the modelling of specific locations and
systems. This offers a number of potential contributions: modelling possible effects of future
climatic changes and consequent changes in management needs (introdutiioigation, for
example); designing systems to produce sufficient quantities of specific productsakudating
land equivalence ratios for agroforestry versus specialised production represent just a few of the
possibilities.

Lessons learnt: silvoarable agroforestry in the (grt 1) www.agforward.eu
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