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1 Context

The AGFORWARD research projdenuary 2014 December 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 the context and extent of agroforestry in &pe,

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 and practices at-fiéddm- and landscape scales,
and

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

This report contributes to the second objective in that it contains results of the studied innovations

from the silvoarable stakeolder group in Mediterranean France, which forms part of the

participative research and development networkvitork-package 4 which focuses on agroforestry

for arable systems. Together with other reports, this document will contribmtBeliverable 4.11

on lessons learnt from agroforestry for arable farme®amilar reports exist for agroforestry of high

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

2 Weedsand the management of the tree understoyan silvoarable agroforestry

Arable agriculture provides large quantities of food, but it can be associated with reductions in soil
and water quality, biodiversity, and the release of greenhouse gases. Some of these negative effects
can be addressed b¢ integration of treesTwo of the innovations thathie silvoarablestakeholder

group in Southern France selected for further stuebre the creation of newdurum wheatvarieties
adapted to agroforestry, and the challengémanadng the herbaceous veget®n in the tree line

to avoid weed problems in the croffsosme 2014). This repodaddresses the second challenge
focused onweeds For the results of the plant breeding, please refer to Gosme and Desclaux (2017).

2.1 Why weeds are moreoncerning in agrofagstry systems?

In France, all the stakeholdegroups focusing on silvoarable systems, i.e. the groups for
Mediterranean, Southern, Western or Northern France, mentioned weeds as an issue for crop
managemen{Gosme 2014; Cirou and Hannachi 2014; Maligriiat. 2014; Wartelle 2014

Weed management isnportant both to minimize the reduction in current crop yielfi3erke 2008
andto prevent weed infestationén future years Macé et al2007), and it is a particular concern in
silvoarable agroforestr{Burgess et al. 2003)n particular farmersraise two concerns:

9 Cultivation of the treerows is not possible because this would damage the trees and,tlas is
casewith field boundaries, this uncultivated vegetation could be a source of potential weeds f
the crops of the interron(Marshall, 1989; Marshall and Moonen, 200Zhus the questioiias
illustrated in Figure las whether this understory strip acts as a reservoir of arable weeds for
crops?

9 For tree row spacings of 13 to 30 m, thkecroppedtree stripscan comprise3 to 8% of the field
area Another concern is thatveed dispersiorfrom the tree rowcould alsobe favored by the
potential lowefficiency ofweeding ¢hemical or mechanicadnd tillageon the edge of crop alley
compared to the cerdr of the alley (margin effect) (Fice 1b).
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1 Athird reason why weed managememaybe more problematic in agroforestry thanam open
cropis thattrees modify themicroclimae (e.g.available light, temperature, soil moisture) (e.g.
Gosme and Desclauz017). The low light levels and moderated temperaturesuld favor weed
speciegelative to thecrop which hasbeenselected foran openenvironment It can be argued
that manyweeds have a higher morphological plastidityan crops (e.gMunier-Jolain etal.,

2014) and a given weed species could be more competitive against crop in agroforestry
compared to pure crop system (Eig 1c).

a. Risk of colonisation by specie
from the undertree strip
towards crop alleys

b. Technical difficulties to
manage weeds (chemical or
mechanical weeding, tillage) at
the crop alley margins

c. The specific microclimatic
conditions in agroforestry seleci
more competitive species and/c
more competitive ability of a
given species than in pure crop
microclimatc conditions,
modifying the cropweed
competition

Under-tree strip Crop alley Under-tree strip

Figure 1.Threepotential reasons why agroforestry weed communitiegy ke different and more
complex to manage than weed communitiesopen crops

Lessons leatnweeds in silvoarable agroforestry in Southern France www.agforward.eu



3 Objectives

The objective of this twyear trial wasto assess the effect of the understory strip on weed

community of the crop alleyways in alley cropping. Key questions included:

1 Is the weed community of arable crops different (richness, abundance, composition) in
silvoarable systems compared to conventbarable systems?

1 Is the understory vegetation responsible for increasing weed infestation in crops of the
alleyways in a conventional alley cropping system?

9 Are the shading conditions responsible for changes in weed composition and abundance?

1 Does weed pessure for crops change in silvoarable systems compared to arable systems?

Alongside tlese objectives, the hypothesesere:

1 The a@ableweed community in silvoarable systems is different in terms of species composition
and richness (more shadelerant species, more perennials in agroforestry, increased species
richness) and abundance (similar to field border, where abundance is generally increased,
because othe presence of understories): (i) because some of the species of the understories
can spread tothe crop alleys and (ii) because of the specific conditions (e.g. shading) of
agroforestry.

1 Thedifferent structure and compositiorof weed community in silvoarable systerftompared
to pure crop systemggsult in a differeneffect onthe crop.

4 Methodology

4.1 Site description

The trialwas set up in two fields, at the Restinclieres experimental site, 15 km north of Montpellier

(43°43" N, 4° 1' -East obHancm Thas. sise.whs. chosen becaus8 the fields are
amongst the oldest alley crping agroforestry systems in France and because of a pure crop control
(i.e. a field without trees, with exactly the same crop management and in the same pedoclimatic
context). Hgure 2 shows the localisation of the fields in the Restinclieres site. Tdiddacused on

two fields (A and B) as described in Table 1.

Field Ais a 6 ha field (Figures 2 and 3), divided in two parts (crop management has remained
constant for the past 20 years). The field comprises 4 hdle§ aropping part, with 2¢earold
hybrids of walnuts Juglans x intermedjaand arable crop (13 m across tree rows, with barley in
2015 and pea in 2016), and a 2 ha pure cropping part with barley or pea in 2015 or 2016
respectively.

Field Bis a 1 ha field (Figures 2 and 3) divided in tarts (crop management has remained
constant for the past 20 years). The field comprises 0.5 ha of esshesdled alley cropping part, with
15 year-old poplars Populus spp, and arablecrops (13 m across tree rows, with pea in 2015 and
durum wheat in 206), and 0.5 ha of an unshaded area with poaldyweloped 20 yeaold sorb trees
(Sorbus domestigaand pea.
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Figure 2. Location of Field A and Field B on the Restincliéres estate. FieldpAirg &rop system,
AF=Walnut/arable crop agroforestry syste Field B: TA=Sorb/arable crop agroforestry system
(poor shade), AE Poplar/arable crop agroforestry system (dense shade). The crop was barley in
2015 and pea in 2016 in Field A, pea in 2015 and durum wheat in 2016 in Field B (Map: Google)

Field A

Sorbtree/ pea : 't Poplarpea

Figure 3View of Field A and Field Bin ay 2015 (Pictures: D. Méziére).
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Table 1. Description of the site, with soil, tree, understory, and climate characteristics

Site characteristics
Area:

Coordinates:

Site contadte-mail
Soil characteristics

6ha+1ha

43°43' N,

4° 1’ E

Lydie Dufourdufourl@supagro.inra.fr

Soildepth andtexture Deep silty clay limestone

Tree characteristics
FieldA

Tree species

Tree density (spacing

Tree protection
Additional details

Agroforestry systemAF walnuts)

Hybridwalnut Juglans x intermed)a
100 trees ha (13 m across lines,
about 4 to 8 m along tree line)

None

Uncultivated 1.5 m strip at tree base
with spontaneous vegetation

None
None

None

FieldB

Tree species
Variety/rootstock
Tree density (spacing

Tree protection
Additional details

Shady agroforestry system
(AF poplars)

Poplar Populus spp

100 trees ha (13 m between rows,
about 4 to 8 m within row)

None
Uncultivated 1.5 m strip at tree base
with spontaneous vegetation

Crop characteristics in 2015

FieldA

Species
Coverage
Previous cropping

Agroforestry systemAF walnuts)

Sorb(Sorbus domestiga

50 trees fa' (13 m between rows,
about 4 to 12 m within tree row
because of a lot of mortality)

None

Uncultivated 1.5 m strip at tree bas
with spontaneous @getation

Winter barley Hordeum vulgarge

Complete

Durum wheat Triticum durun)

FieldB

Species
Coverage
Previous cropping

Shady agroforestry system

(AFpoplars)
Pea Pisum sativum Pea Pisum sativum
Complete Complete

Previous years: Durum wheat
(Triticum durum / durum wheat/pea
(Pisum sativurjidurum wheat

Crop characteristics in 2016

FieldA

Species
Coverage
Previous mpping

Agroforestry system(AF walnuts)

Previous years: Durumheat
(Triticum durum)/ durum wheat/pea
(Pisum sativuryiddurum wheat

Pea Pisum sativum

Complete

Winter barley Hordeum vulgare

FieldB

Species
Coverage
Previous cropping

Shady agroforestry system
(AF poplars)

Pea Pisum sativum

Complete

Previous years: Durum wheat
(Triticum durum / durum wheat/pea
(Pisum sativuidurum wheat

Pea Pisum sativum

Complete

Previous years: Durum wheat
(Triticum durum)/ durum wheat/pea
(Pisum sativunidurum wheat
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Climate data

Climate type Mediterranean

Mean monthly temperature 14.2°C

Mean annual precipitation 851 mm

Details of weather stadn Data from 20112013 (Campbell

Light radiation in fields

Method

station on site)

Hemispherical pictures weraken at the centre of each quadrat of the weed
sampling of 2015 (see below) by using Winscanopy software, the photosynthetic
active radigion (PAR) wscalculated from the pictures.

Pictures were taken on the sarfiest two dates as weedamplingin 2015(i.e. before
tree budbreakat the end of Marchand someweeks after budbreak when tree leave
are quite well developed andinter cropsare flowering at the end oMMay).

Results

100

| I T
1 ' Field B, under Sorbs
| M Field A, under Hybrid walnuts
B Field B, under Poplars
0
1 2 3

March May Sept.

the tree canopy
B (o)) [0.2]
o o o

% of PAR received under
N
o

Figurel. Percentage of Photosynthetically Active Radiation (PAR) received
under the tree canopy compared to the pure crop control from Field A (100%)
for the three weed survey sessis
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4.2 Measurementsin 2015
Thenumber ofmeasurements taken in each of the fogurveyed systems amescribedin Table 2. In

each systemweed measurements were recorded within 1 m x 1 m quadrat plots placed regt
(each 1.17 m) along three trandedn each treatment (Figure 3n both fields the transectswere
placed perpendicular to the tree lines. In the pure crop reference of Field A, the traasrtoed
beyondthe agroforestry transect (Figure 3). The distances from trees are not exhetlyatme at the
cross between transect and tree lines as some trees were cut to reduce tree density in 2003.

Table 2Measurements and the number of sampled quadrats in 2015

Measurements Field A Field B

Pure barley Walnut/barley | Pea/Sorb Pea/Poplar
Weed sampling in alley crop | 90 quadrats x J 90 x 3 dates | 75 x 3 dates | 75 x 3 dates
dates
Weed sampling in understory | - 21 x 3 dates | 21 x 3 dates | 18 x 3dates

In the table, 90 quadrats derived fronb quadrats/alley? 6 alleys® 3 transects.

75 quadrats= 5 quadrats/alley 5 alleys® 3 transects;

21 quadrats = 1 quadrét7 understorys$ 3 transects;

18 quadrats = 1 quadrét6 understory$ 3 transects;

111 quadrats = 90 plots in alley crop + 21 in understorys;

93 quadrats = 75 plots in alley crepl8 in understorysOnly 20 quadrats for PAR in the pure barley as in
middle of the field, it is full light (and we do not need take photos alongside all the transects).

Five quadrats wre sampled for each crop alley in the agroforestry field, whatabled i) the
measuranent of the light radiation variability in alley crpmg induced by trees and ii) wesdmples
at different distances from grass strips of the tree understories. Given the absence of trees
reference crop, each group of fiveopd are separated by an empty zone (corresponding to the tree
in the agroforestnyfield). Otherwise the protocol wathe same.

Because of other trials on the same fields (pollarded tree trial in Field A, participatory durum
breeding in Field B some crop alleys are not sampled in the agroforestry field. Hence six crop
weresurveyed in Field A, and 5 crop alleyar@surveyed in Field B.

4.2.1 Weed samplin@015
For the crop alleys, all weed species and their specific abundance (humbetiiéluals for eact

species) ws recorded within each 1 m? quadrat. For the quadrats of the tree understory, spt
abundance wasrelated to an abundance class following the scale of Barralis: 0, 1 if 1 individuai3 2
individuals, 3 if 4 to 20 indiduals, 4 if 21 to 50 individuals, 5 if more than 50 individuals. If there
problems with species identification (due to juvenile stage), individuale wecorded and identified
later (e.g. when flowering).

4.2.2 Weed competition
Crop competition causeldy the weeds \asexpressed by the relative weed biomass ratio = DM we

/ (DM weeds + DM crop), where DM is dryatter as used by Lutman et al. (1996). Thus, iohe
system, nine 1 m2 quadrats (three in the middle of the alley, thirethe north part ofthe alkey, and
three in the south part of the alley) e completely harvested. The total harvested biomasss\
separated between crop biomass and total weed biomass. The harvestsanried out some day:
beforecrop harvest10 June 2015 for barley an@®), dried at 50°@r 72 hoursand weighed.
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4.2.3 Sampling date
Composition, abundances and total PAR under camgggmeasured three times in the same quadre

during the campaign:

1 Before tree budbreak (end of MardBeginning of April), which corresponds the situation with
minimum shade.

1 Some weeksfter budbreak when tree leaves we quite well developed and provideshade, as
well as when crops are flowering (28 May). Crop flowering is a critical period for yield buitd
of wheat.

 Two weeks afterl® postharvest tillage (September), meaning when pbatvested weedsvas
largely developed and tre&Al max wa reached.

Becausehe site received an application bErbicideafter the weeds started to appearat the end of

winter, the sampled weeds are the resigluflora remaining after treatmentWeed management v&a

strictly the same ithe control and inthe agroforestry plots

——mmm——-Fp-——————
o
o | E
[~
o L =
s e ,
_______;3_______ Shady ¢ Sunny shade
134m agroforestry | agroforestry
= ] i
I (Poplar/pea) i (Poplar/pea)
| = ' W
Pure crop i <= Ir 4 ! Tree line (1.5m understorey)
=) I W 177 ¢t 172 7 a4 74 7 7 [
(barley) = ! — = l J No surveyed tree line (pollarded)
(@) 'l i o IAAASSISIILL. SIS IAIIA YD, Surveyed crop
Agroforestry ™ ’ b " A { ] [ 5 ‘
0 R, ~ Y A No surveyed crop alley (wheat trial)
(Walnut/barley) = o — —_
i 1 1 | x— Transects
sHeben A
R | 1F.6m 14.7m Quadrats
L72.7m
FIELD A FIELD B

Figure 4. Location of the transects and the quadrats in each fieltb@oi2015).

4.3 Measurementsin 2016
In 2016, only thaveed samplingvas carried out. For this, the protocobwadapted depending on the

results obtained in 2015 and on some methodological trials to define the optimal number of qu
and disposition toobtain the same quality of data with the least sampling effort (results not sh
here). Thus, weed sampling in 2016 diske Barralis scale abundance (see Measurements 2015
both the understory vegetation and for the alley cropping. Compared to 2@i&,transects were
modified and only 6 mirdiransects, randomly placed in the crop alleys in each fieldre sampled
(Figure 5). To bettestudythe effect ofthe strip, two additional quadrats were addin the crop alley,
resulting in sevemuadrats inthe crop (Figure 6)Jn 2016, there wasmy one sampling daten May,
after budbreak
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Field A Field B

Figure 5Location of the mintransects (in yellow) in the two surveyed fields (protocol 2016)

-0.'75 12t25

’tzé;i,ff: *;«-—‘

1' . f_'_] 5l =l | S| Bl 2 w&{,;

I RS

- . : : : : - B
05 2 4 575 7.75 9.5 0.5

Figure 6. Disposition of the quadrat agpthe minitransect (protocol 2016)
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5 Results
5.1 Doesthe weed community of arable crops in silvoarable systerdgfer from those in
conventional arable systems?

5.1.1 Numberof weed specieandabundance

It seems there weremore weed species in thagroforestry arable crop than in the pure crop

control; this difference wasonly statistically significant in 2018-igure 7a) Conversely, there were
fewer individuals in the crop in agroforestry than in pure crop cordral again thiglifference was
significant onlyffor 2015 (Figure 7b)

a. Richness b. Abundance

May 2015- Barley Aopril 2016 - Pea May 2015- Barley April 2016 - Pea

400-

n.s.
* n.s.

300-

200-

100-

Number ofweed specie@ crop per
Number ofweed individual$n crop per

Pure cro Pure crop ' ' '
AF I ’ AF control AF Pure crop AF Pure crop
contro control control

Figure 7. Richnesa)(and Abundancebj of weeds in crop alleys (AF) or in pure crop control in F
A.The significance of the differencbstween AF and Pure crop contiehsanalysedoy an analysis
of variance on thgereral linear mixed model with Poisson fam(@pha = 0.05)-ixed effect:
system (AF vs. pure crop), Random effect=+tnémisect) *: significant difference. n.s. : nen
significant difference.

5.1.2 Composition

The Principal Coordinates Analysis (PC{AQue 8 shows the similarity between the quadrats in
terms of specific compositiomand relative abundances (Brayurtis index) The weeds found in
agroforestry in field Avere more similar to the weed community of the pure crppm the same
field (same cropbarley, pink group on Figure &8han from the other agroforestry plotécrop: pea,
blue group on Figure 8Hence the effect of therop specie®n the weed speciewas thus stronger
than the system (AF vs. pure crop).

The vegetation found in the stripsnder the treesacross the two sites were similagréen group
Figure 8) and distinctivefrom the weed vegetation inthe crops (pink and blue group). Figure 9
supportsthis result, showing that weed communitiesthre agroforestry crop was broadly sianilto
that in the opencrop. Even ifthe weed community inthe agroforestrywas richer and smaller than
the one in pure crofe.g. Figure ¥, the dominant species were the same.d. Papaver rhoeas,
Fallopia convolvydn each case.
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d=02
Field B

Field A (AF (AFs or AFp)

1
A-FM

A-AF strip

Strips of field
margin (Field A
or Field B)

B-AFs strip

BRAY CURTIS - Variation expliquée: Axe 1: 24% | Ax

Figure 8. RAncipal Coordinates Analysis (PCoA) performed on the-Buaijs dissimilarity index
(accounting for the dissimilarity in terms of species and relative abundddata 2015) Each point
represents a 1 squammeter quadrat and is linked to the barycentré the modality.Legend: A =

field A, B: field B. PC=pure crop control, AF: agroforestry walnut, AFs: agroforestry sorbs, AFp:
agroforestry poplars. Crop: crop alleys in agroforestry, strip: understory strip in agrofprdsif:

field margin of Field A.

Barlev volunteers
Species < 1 plant/m?
BROST

CIRAR

o
=
=
o
(=]
= ERICA
O
(=
=
=
=]

in the crop alleys
(plants/m?)
100
1

50
|

Mean weed abundance

=

AF  TA | AF TA | AF TA
March May Sept

Fgure 9. Specific and total abundances at quadrat scale in ¢oope crop) or crop alley (Ak)
Field A for the three sessions of 2015 (March and May: barley, Sept.: bare soil). AF=agro
system, TA=pure crop control. BROSromus sterilis CIRAR:Cirsium arvense CONAR
Convolvulus arvensiERICAConyza canadiensisSSONOLSonchus oleraceud ACSELactuca
serriolag POLAWRolygonum aviculatdPOLCCFallopia convolvulys?APRHPapaver rhoeas
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5.2 Are the shading conditions respsible for changs in weed composition and abundance?
Weed communities weraffected by the crop species (barley or pea) and the habitat (crop vs.
understory strip) (Figures 8). The analyses performed here do not aidw determingthe effect of
shading on weed commurit Thegreater number of weed speci@sthe agroforestrycompared to

the pure crop could be a resulbf the presence of the understory stripgdoweverwe could also
arguethat the heterogeneous shade produced khettrees on the crop alleys creates aatsity of
microhabitats in the alley, resulting in a more divepant community. This assumption has to be
tested later.

5.3 Is the understory vegetation responsible for increasing weed infestation in crops of the
alleyways in a conventional alley croppg system?

In 2015, there was no significant effect of the distance to the closest utmfgren the weed

abundancéin crop.In 2016,a significant effet of the distancevas detectedon weed abundance in

the agroforestrysorbs wherethe difference was oly significant between the closest quadrat to the

strip (50 cm from the crop edge) and the cenof the alley(Figure 10)

’&g North South of | Pure
of the Mid-crop the crop | Crop
. crop alley alley ~ control
O .. alley
o)
& a b b a
= b b b i -~
- _
100 -
()]
o
[
]
©
C . |
; 0.2.25 5.78 2250.5/> 20
< Di stance from the cl

Figure 10. Weed abundance in the crop (pea) in 2016 in the FiBlififérent letters indcates a
significant differee of abundance between distances.

5.4 Does weed pressure for crops change in silvoarable systems compared to arable systems?
The results from the weed compgtin protocol are not shown here because of doubt about their
significance (problem of scales and sampling datkeg current PhD work of Sébastien Boinot (2016
2019, UMR SYSTEM, INRiA)s to answer this question.

! Anova was performed on the generalized linear mixed model with Poisson family for each of the agroforestry
system (walnut, sorbs or poplars) and for each samgpldate: abundance in crop ~ distance from the
understory+ 1|transect.
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6 Conclusions

The principal lessons learfrom the measurements and observations in the alley cropping systems

and the pure crop contrahclude:

1 The plant communities of the understory strip2a yearold agroforestry plotsn the South of
Francewere different from the weed communities the crop.

9 Across the two sites, theveed community was more affected by therop than whether the
sample was an agroforestry or open arabtep.

1 There weremore weed speciefn the agroforestry plots, but the abundance of wespecies
was greateiin the pure crop.

1 Spontaneous understory vegetation has not resulted in an increased weed density in the crop in
agroforestry, except on the first 50 cm of crop edge. This result should be taken with caution as
it was obtained on a single sit®ther sites should be investigated, including conventional and
organic systems, with spontaneous as well as sown grass strip under the trees.

1 Management of weeds from tree rowsssll an area that has received little researdhdeedTo
our knowledge, this work was one of the first to consider the effect of understory strip on crop
weeds (and not tree weeds)This initialwork hasraisedsomeinteresting questionanda PhD
student has been engageafter these 2015 and 2016 results, daia follow-on research and
developmenthas been submittedThe projectalreadymade it possiblgo test protocols that
havealready beerset upin 2017 in two French region®¢citanie in the®hD work of Sébastien
Boinot, UMR SYSTHMRA,and PoitouCharenes in the trainingperiod of Clément Chevalier,

CA CharentdMaritime).
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