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Ahstract: The effect of tree architecture on the development of tha main apple pests and pathogens
was investigated from 2002 fo 2005 at the WNEA Gotheron experimental station. The original Salane
{33) was compared to tha centrifugel taining {CT) systeon, in which the thinming aut of froiting spurs
along the tronk and oo the praxtimal and undersida parts of branches modifies within-trea enviromment
conditions. Infestaion levels of the rosy apple aphid Dyraphiz plartagines (Passerini} {Hemipters:
Aphididae) end of the European ted mita Papowwchnd whed (Boch) (Acars Tetranychidas} were
significantly lower in tha CT than in the 05 systemn, in 2002 and 2004 for L. plapsggineds, and in 20403
for 2 wimi, For the green apple aphid dphis pomi De Geer [Hemiptera: Aphididae), differences
between systema veried wlth years. Fruit demsge by the codling moth Cydiz prmonefia {L.)
{Lepidaptera: Tartricidac} tended to be higher in the CT than in the 08 aystern. The incidence of apple
scabt Vendyria tapequelic (Coolce) 5. Wink, was lower in Spring (2002, 2004) In the CT than In the 08
syatern, but increased faster in CT than in O in Summer, with ao difference in fruit damage at
harvest, Due to several factors, including pest ar inpmchum remaval when thinning out spurs, withine
tree raicroclimate, shoot density andfor growth dynames, tree architecturs influences the development
of pests and pathagens. Thasa results open a wide Field of research n the wse of tres architecture s a
means b modulate pest and disease development.

ey words: epple, ree architecture, centrifugal fraining, pest, dizesse, pest control

Iniroduction

Relationships between tree atructure and pest infestations or pathogen infections have long
baen recogrised (Wildbolz, 1982; Brown and Walker, 1992), bt seldam investigated. Tn
apple orohards, centrifugal training [T}, based on the extincton procedure (Laplve of al.,
2000; Lauri ef af., 2004), has been used for same years by Fremch growers of the appie
MAFCOT natwork [(MAFCGT, 1999). This procedure fi.e., thinning out of fruiting spurs}
modifies durably branch and leaf density and distribution within the tres, optimising light
distribution, fruit colour and return-bloom {Lawi, 2002; Willaume e af., 2004), Antificial
extinetfon also changes shoot demaography by increasing the praportion of long shoots (Lawri
ef el 2004}, CT ja therefara likely t: (i) modify cauopy seration, and (i} alter vegetative
growth dynamics and rhythmicity, potentially affecting the development of some foliar pests
or pathogena. : ’
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The aira of this Study was to assess the impact of CT on pest and pathogen development,
and to compare this & 3 mote commen type of apple tree traiping (Jriginal Solaxe; Tau and
Lespinasse, 2000,

Material and methods

Exparimertal orohards

The study orchards (Table 1} were located In the diddle Rhone Valley, af Saint-Marcel-lés-
Valence [Prance), in & continenta] ares with Mediterranean influences. Rows were North-
South oriensed. The alleys between rows were sown with grass, which was movwed egolady.
Asg weed control, tillage was perfonmed within the rows. The orchards were supounded with
hedgeraws (North and South sides), fallow Felds or apple orchards (East and Wast sidesh.

Table 1. Experirnental orchards.

Orcherd Orobard 11

Sl shallow zecne sail of ofd washed-oul Rhone River sediments

Cultivar { roostock Smonthee 253277 M9 “Pitchounstte & Afians / MY

Planting date 1994 _ 2001

Tree spacing dmxim 4imx2m

Orchard management | Orpanic farming Integrated Pezt Management
{hand-thinning only]

CT rrees: first pear for 2002 2004, Ariane

artificial eMtinckion 2003: Pitchownetfa

Pest diseaze anseszment  aphids, mites, scab: 2002-2005  codling moth: 2005

In both orchards, ome spray with mineral ofiz was epplisd sach year in the dotmant
S2ESON against averwintering forms. According to the infestation level, pre-hloom sprays
{Orchard T or pre- avd post-bloom (Orchard 11} sprays were applled apainst Dypsaphis
pianitgineg (Passerini] (Hemiptera: Aphididas), Granulosis vires alope {Orchard 1), and
Branulosis virus then phosalons (Orchard 1) were sprayed agminat codling moth, Cpdie
pomonella (L} {Lepidoptera: Tortricidas). For any risk of infection, Orchard T was aprayed
preventively against seab Veaturia incegualic {Cooke} G. Wink. with copper or aulphur. Mo
tungicide was sprayed against scab in Orchard 1T (soeb reatstant cultivars).

Table 2. Training procedures; Originel Solaxe (O8) and Cantrifuzal Training (CT) systems.

Procedurs {Hme of application] 08 CT

- Renewal of vigarous branches on the upper side of the aiready YES ¥ES
established fruiting branch (Winter)

- Heading cut' / shortening cut' of the leader branch (Winter) ND  NO

- Thimning cut' of fruiting spurs, i.e. artificial extinction, alosg the NI YES
trunk and o the progimal and underside of branches (bloom}

- Chemical thinning andsor hand-thinning fend of physiologica drop)  YES  YES
- Branch bending {growing seasan) | YES YEZ

’Tmminuing}' according o Rarvite (1992},
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Thee training spsiems and experimental design

Trees were initially trained according ta the Qriginal Sulaxs training system (03) (Lauri and
Lespinasse, 2000; Table 2). At bloom in April, the two experiments] orchards wera split into
lhe following. two treatments: () OS5 tees with the same training as in previous years,
ther=afier considered control wees; and (i} CT tress (Tabls 2; Figure 1).

ir Ligit wedl »
brougit about *
by CTtwa
Improva light
penalration
within the

Fruiiing zone

[ the upper
Extintion o tAree-quarers
the underside of fr?e CANORY
of heanches to M branches
Inereasa baloaw 1-1.2 m
porosity to light

Figure 1. Centrifugal training (CT)

On these CT trees, no or only complementary actificial extinetion was then required on

the newly grown branches. In both treatments, the target froit-load was similar, with ane froit

l=ft per flower clugtar,

Tremiments were replicated four times with a block desigr, Each bock conzisted of two
plots, ane CT, and the other ma.naged accarding to the 05 mining system. The orehands’
border rows were not fncluded in the study,

Pest and disease axsessimend
I orehard I on 13 trees randamily selected within each plot, aphids (P, planteefnen, dpfis

pomi De Geer {Hemiptera: Aphididee)}, European red mites Pamompolns whei (Acarh:.

Tetranychidag} and apple scab were visually assessed [ACTA, 1974) during the growing
season from 2002 (o 2S5, In orchard 10, 20 trees mndomiy selected within each Arians and
Fitchounette plot were vizvally assessed for codling math fruit damages during 20035 prowing
gedaon. The position within the canopy [uuter. middie, and- innerh of the infasted fruits was
also recorded.

Resulis and discossion
Differences ohserved berween training systems are summarised (Table 3) and detailed balow.

ApFid infestation

TIn 2002, after pre-blocm treatments agwinst [t planizginer, the orchard infestation (Figure 2)
decreased initially in March, then increased comsiderably in RMay, with a peak at 33.5%
infested shoots. From mid-Tune cnwards, migmtion of I planmginen to its secondary Bost,
Flantogo sp., explained the decrease In infestation. Before starting the experiment, priar to
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artiticial extinction carred out at Bloom in CT tress, a similar infestation was observed among
hlocks (495 nfested shoots on' 26 March 2002). Later in 2002, CT trees tended to be less
infeytad than 08 trees and treatments wers significanty different an 15 May (Figure 2. Al
harvest, CT tress had less fruje darnage compared to 05 anes (Figure 2).

I 2004, the (nfestation level was low and similar in both aining systems (3% infested

shootz oo 13 May), A large increase jn infeslation

displayed then & sigaificant diffarence (24.09% and 46.2% infeatabion on 2

Fe).0AZE).

Tahle 3: Effect of Centeifugal Training (CT) on pest 2

prourred o mid-kay, amd treabments
4 May, respectively:

L

nd disease development in both experi-

renta] orchards, compared to Orignal Solaxe (05

Years with: infestation or infection

less infestation or  less infestation or
infection in CT  infection in 05
compated be 05 compared to T _

Orchard 1 (2002-2005)

- plantzginea: '
. shoot infestation 2002, 2003, 2004, 2005 2002, 2004 - -
. Truit damage at harvest 2002, 2003, 20044, 2005 2002 -
- A. parmd shoot infestation 2002, 2003, 2004 2003 2002, 2004
- F. ulrei leaf infestation 2003, 2003 2003 -
- V. ingequeadiy:
. apring infection 2002, 200k, 2005 2002, 2004 2003
. fruit damage at harveat 2002, 2005 - -
Crchard T1 (2005} :
~ . pomonelis fouit damage: .
. end of first generation 2005 - Ariane; 2007
. harvest 2005 - Aciane: 2005

" Fears with at [east ong assesament date showing staksteel

W Cenirifugal Training [

'algpiﬁc,aﬂ{:ﬁ herween gystems.

Cwiginal Solaxe

& -, 100 + 25
S8 | S A
E}I.‘E 840 4+ 20 E:QE
M2 Bl 1155*:3
%E o o
%_E At * -!-10 '%j%
Ef X [ £
":':.‘_HE a . — -l n
a- fEEZES

E Z B o2 F 8 W b

[ats

Figure 2 Infestation by the rosy apple aphid . planfagizen in the Centrifugal Training (CT)
ard the Original Solaxe (O8] syztema in 2002 '

Skadistical significance at P<0.05 and P=0.01

is indicated by ¥ and ##, respectively.
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A, popr colenjes that developed withm the omchard in May were doe mainly to
lmruigrahng winged aphids. During SBpring 2002 and 2004, infestatfon tended to be higher in
CT than in 08 treed, and the difference hetween training systems was significant on late Tme
(70.3% and 56.29% Wfested shoota in CT and 08 trees an 21 June 2002, respectivaly;
P0.0414; 44.2% and 33.7% on 22 Juné 2004; P=.0463) In June 2003, infestation in 08
increased much more than in CT, and the difference was significant on 5 Juna (53.6% and
74.0% jnfestatipn m TT and OF tress, respectively; F=01.0281%

Buropean red mile fnfestation

In 2002, leaf infestation peaked at means of 346% and S0.6% in the CT and OF {reatraents,
reapectively (1% Awgust; P=0.1588). In June 2003, infeytation was sipnificantly Tower in CT
than i OF trees (35.6% and 43.3% infested leaves om 11 June in CT and OS5 trees,
respectively; De=0.0319),

Codling woth infestation
By mid-July, {nfeatation levels in Ariang trees dus o codling moth _1‘l generation reached ita
maximum. At that moment, a significantly higher infestation was obsstved m CT treed

'i

{(P=0.026) (Figure 2). These differences increased for 2™ gensration damages, and totai -

damage recarded at harvest was 4.1%4 for CT, whereas OF had a sipnificantly lower amount
of fruit dameged (2.5 %5, F=0.004), In Pitchounette, the infesiation level was low and similar
far 1™ generation larvae (0.54% and 0.33% for CT and 05, respectively; F=0.244}, Though
infestation levels due ta 2" generation for CT were significantly higher and nearly doubled
the observed in DS (P=0.048, not shown), overall account for infested fruits at harveat {1 +
2™ gensration) was not significantly differemt (Fgure 3.

5.0
4.5 Atlane Fifchounetia
4.0 W Cantrifugal Training

A5 O Criginal Solaxe
an

258
20
1.5
10
NG

Incidence of codling moth ()

18- 27 17 07 15 27 17 07
Jul Jul Aag Sap Jul Jui Aug Sep
Date:

Figure 3. Infestation by codling moth {Cwdia pomoneife (LY} in Centrifngal Trained and
Criginal Solaxe frees in 2005,
Statisticat significance at F<0.05 and P=0.01 level ls indicated by * and %,
respectively.

The infloanee of the treatment in the diswibotion of the infested fruit within the canopy
wras very similar for both cuitivars [Tehle 4): in 08 more than beo thinds of the infested frafks
were placed inthe omter third of the tree, and the vest were more or less evenly distributed in
the middle and inner pariz. The distributon pattern was significamiy different (P=0.0001 and
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P=0,003, reapectively) in CT trees, as only half of the frut were placed in the guter d'L‘Erd of
the canopy. In the less rarmified cuitivar Ariane, 25% of damaged fnit wera placed In the
tnnes third.

Table 4. Sitwation (560 of tha codling moth infeated fruit within the canopy in the Centr:_ifugal
Training {CT) and Origtnal Solaxe {05) systems. :

Position within Arkane Pitchomnetts
the cangpy cT 08 T 03
Chuter 53.1 5.8 50.9 67.7
Medium 224 17.2 43.4 12.4
Inner 24.5 141 5.7 129
_Sianifemnes * =

Statistical significance et P<0.05 and F<0.01 is indicad by * and #%, respactively.

Apple scab infection

Spring and summer 2002 wem axveptionally damp and therefore highly favourable i scak.
Srab infection increased considerably durlg May and hme, despite sulphur spraying. Buring
ay, treatments did not significantdy differ buk lats June CT treea were leas scabbed than O3
ones {leaf scab incidence: CT rmean = 0.717, 08 mean = 0.753 on 20 Tune; P=000128).
Significant differences in fruit infectlon were observed in June and fuly, when approx. 30%
less fruit demage was observed in CT trews compared to OF tees. During Awgust, the
percentage of scabbed fruit increased faster in CT ¢han jn 08 frees, resulting in no ditfersnce
between treatments at harvast (65.4% scabbed fruit on 6 Septesber),

028 --I—-Centlﬁuga.[trein[ng
‘Eg a.an - -- O -~ Original Solaxe
5= 545
%E :
E .
E b 310
[}
= oS
0.00 \
B-May 2B-May 17-dun  F-Jul 2F-Jul  1d-Auy

Date

Figure 4. Incidence {ratio of the number of sabbed leaves to the total number of leaves) of
seab on leaves in cenirifugal traimed (CT and arigmal Sofaxe (05} irees fn 2004
Statistical gignificance at P<.05 is indicated by *.

In 2004, seab |esione were recordad fram 24 May onwards (Figure 4], The incidence of
leaf scab then increased until late Aupust, while the percernage of scabbed froit remained very
low unéil fruit harvest, On 14 June, the incidence of leaf soab was lower in OT irees tham, in
08 trees (Fipure 4). Mo further difference in scab incidence-was observed between treatments
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in July and August. In 2003, leaf zeab incidence was gimilar in CT and OF systems, but the
numéber of scab lesions per leaf waa higher in OT trees than in O3 trees in June. Frit damage
at harvest was not different between systems (45625 scabbed fruit og 12 September).

Hypoiheses on pest-and patitogen development as affected by canopy seructure

Significant differences in pest infestation and pathogen mfection were observed between the
two [raining systems. An effect of the apple ree siructure and grtrwih on the pest and dizanse
status of the orchard was thus demonstrated. Interacting hypothesas relmted to canopy
Structure weee propaded (Simon f @f., 2006) and main factors nvotved weys likely to be: (i)
pest or inocalum removal, st the thinning cat of fruiting spurs; (i) decreass of leaf weiness
periods, due to the increase in lght penstration within the canopy (Willaume ef &, 2004);
(iii] decrease in connectvity between shoots, associared with the OT Canapy structure, with
anl effect on the rate ot which pests could spread; (iv) rsource avaitahilisy in atvactive foliage
or suscepdible leaves at a given time. :

D, plamcaginea aphids observed on shoots in early Spring had isswed from overwintering
epgs whereas 4. posrf imomigrated in May from the surroundings of the orchard, A3 a stilar
infestation waz recorded fn bath training systems before artificial extinction in 2002 end in
2004, differences in D, plantagines infestation levels could not be related o differences in
overwintering egg numbers, or winter survivel rates. Pest removal iz likely w0 explain why
signiffcant differences in D, planaginea infestation were obaerved between training systems
just after artificial extinction in 2002, The effect of cangpy structurs wie amaonpg-shoot
connectivity could be hypothesized fromy the 2004 results, showing a far bigher £
Pplantaginea infestation rate in OF trees than in CT trees between 10-24 Moy, whereas the two
iraining systerns exhibited similar infestations.an 10 May. Late hune infettations of 4. pami
were most probably relited to 2 longer growth period in CT trees (Lauri et af, 2004), to the
benefit of newiy-arriving aphids. Besides, we canmot exclude the co-existence of ko
intercormmected levels: §) the level discussed ghove Between plant and hosts, and (5} the
between-hosts level, with competition for resources hetween the two recorded aphids,

In fiugust 2002, the level of infestation of P, wfmf was unmusual fn this organic orchard,
and could be related to scab management with sulphr (Kreiter ez af., 1998), that was used
throughout the entire seasan. The significant difference obseoved In 2003 was moat probably
related to Jate Summer 2002 populations, which tended to be lower in CT trees compered {o
05 trees. A slower infastation rate {more time ta spread) related tu a lowey branehing density
In CT trees compared 10 05 frees, or differences in the avaflability in aftractive foliage
between treatments, ans likely to explsin this trend. However, the lung-term effects of CT on
mites cannet be szseased because of the natural contral of this pest provided within tha
orchacd by the Orfus 5p. predatory bug (Hemipters: Anthocoridae).

The higher infestation levels observed for © pomosefia in CT troes may ha attributed to
the lower shoot density of those trees, increasing fruit accessibility for adults of codling meih.
Sn. egg-laying in the inner part of the tres is favoured, a5 assessed by the higher number of
inner-canopy infested foit. This hypothesis is supported by the branching habits of the
cultivars used in this study: in the denzely mmiffed Pitchounette, CT allowed codling mcth
apreading mainly over the bwo outer thirds of the canopy, whereas in Arians, scarcely
ramified and so more accessible, froit placed in innar canopy were more aiacked.

During spring, the increase in fruit and leaf secab was slower in the 2002 and the 2004 CT
ireatrnents, This coutd be explained by: () the removal of inaeulum during the thinning cut of
spurs; andfor (il] the canopy micmoclimate. The reduction in leaf depstty induced by CT
{Willaume ef af., 2004) probably led to shorter periods of wetoess and less scab infection.
Doring Sumimer, scab increased faster in OT treas than in 043 trees, As in 2004 shoot growth
{data not shown) was greater from 24 May {0 30 June in CT trees (3.9 newly grown leaves)
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than in OS trees (3.0 newly mrown leaves), the availahility in young apple leaves more
smaceptible to scab than old ones (Schwabe, 15975) is likely to explain the higher degree of
scab development observed in T trees than in OF ones.

Corclusions
These experiments provide the opportunity to investigate the relationships between
mamipulation of wee-architecture and past and pathogen develapment Information bas been
provided oo pest and pathogen susceptibility in CT compared 1o O3 systems. The effects
observed wers bensficial for. ihe control of some pest and digeass: less damage of £,
plontapines, lower mite infestation, less spring scab Infection. Some of these effects were not
substantial of sable; nuoil henefit at harvest for sceb, unsteady results for 4. pomd, Last
depending on the cultivar, the effect for codling moth cantred coold be deftimental. with
higher infestation in the ioner part of CT trees, The ionovative OT concept, which proved o
be beneficial in terms of the balance between fruiting and vegstative growth (Lawrl er af,
2004), ad thus a partial effect on the past and disease status of the orchard.

Several hypotheses are now o be tested, in order to provide basic knowledge for the
man{pulation of tree architecture, an effective and sustainable r.rnp]:rm,g practice for partially
regulating pest infestation in orcherds.
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