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ABSTRACT

Pear rust is a serious pest of pears for the iddaligardener and cause bright orange lesions
on the leaves. Repeated infections cause poor vafdhe tree that with time cause reduced
fruit set. The distribution of pear rust in Swedes previously been limited to the southern
parts of Sweden. In recent years the distributioth® pathogen have extended further north.

This study includes climate measurements of tentperand humidity conducted during
the growing season of 2008, at three locations egmtesenting a climate zone. Alnarp
located in zone I, Lidkoping in zone Il and Skaraone lll. This combined with continuous
observations of the juniper hosts to evaluate ¢hease of spores. At the same time three
different control methods of pear rust were evadats spraying of sulphur- and oil emulsion
and fibre cloth covering of branches. During thevoous season of 2007, pear rust infections
were confirmed on the current tree and contaminateigers were located in zone 1. In zone
Il and 11l no infections of pear rust were confirch@uring 2007, neither on the current trees
or the junipers. Thereby these locations were segpvith infected branches brought from
zone |.

During week 16 the first spore dispersing telialitsowere developed in zone I. However
no risk of infection of the pear leaves could befomed by the climate data. In week 18 next
the occasion with developed telial horns occurreglone I. Here could a high risk of
infection be confirmed by the climate data. An atien was confirmed the following week,
within reasonable time of incubation, as smallgwllesions on the pear leaves.

In week 22 another period with risk of infectionsa@nfirmed by the climate data. Here
was no risk of reinfection of previous infectedes due to age. But infections of newly
emerged leaves could be confirmed later in the seina® the size of the lesions varied
between the leaves.

No pear rust infection of pear leaves occurrecimezll, and only a few lesions occurred
in zone lll later in the season.

All control methods gave an affect on the infectiate of pear rust lesions in relation to
untreated branches.



SAMMANFATTNING

Angrepp av paronrost forekommer framst i sddravdidira Sverige och ar ett problem for
alla drabbade tradgardsagare, nu @nda upp i Mebeaige. Orsaken till spridningen antas
vara tillgangen av mottagliga enar i kombinatiordre& varmare och fuktigare klimat.
Paronrosten orsakar rodorange flackar pa paronblacle tradet forsvagas successivt om
smittan aterkommer ar efter ar. Detta kan ledatilskérden minskar eller uteblir helt da
karten kan falla i fortid.

Under sasongen 2008 gjordes klimatmatningar av éeatyr och fuktighet samt forsok pa
parontrad i tre olika vaxtzoner, Alnarp zon |, Ligng zon Il och Skara zon Ill. Férstken
bestod av tre olika bekampningsatgarder pa pameradsom besprutning av svavel-
respektive oljeldsning samt tackning av grenar fileerduk. Under samma tid foljdes aven
utvecklingen av gelérosten pa enarna. Under sasd@f@7 bekraftades rikligt med paronrost
pa det aktuella parontradet i zon | (Alnarp) odielterade enar i omgivningen lokaliserades.
Dock kunde ingen infektion konstateras pa de aktylrontraden i zon Il och Ill. Har fanns
heller inga infekterade enar i naromradet utan ufiitedksperioden applicerades har grenar
fran zon | med gelérost.

Redan under vecka 16 fanns det utvecklad och spdaswle gelérost pa enarnai zon |
men det fanns ingen infektionsrisk av paronbladdigeklimatdatan. | vecka 18 var det ater
utvecklad och sporspridande gelérost och vid didiféile kunde klimatdatan bekrafta en stor
infektionsrisk. Denna infektion av paronbladen keindksa bekraftas genom synliga
bladflackar veckan darpa vilket var inom rimlig irdationstid.

| vecka 22 kunde ytterligare en period med infekdrisk bli bekréftad. Har skedde dock
ingen nyinfektion av de tidigare infekterade bladésn det var de nyutvecklade bladen pa
skotten som ldpte storst risk. Detta kunde ocks@dfi|s senare pa sasongen da
bladflackarna pa dessa var mindre och senare ckitagen.

Ingen bladinfektion av paronrost kunde bekraftagn II. | zon Il forekom endast ett
fatal flackar under senare perioden av sommaren.

Alla bekampningsforsok gav effekt pa paronrostgmiforelse med obehandlade grenar.
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INTRODUCTION

Pears Pyrus cummunjsare primarily cultivated in the southern partsSefeden due the their
limitations in hardiness (Ferngvist, 1993). Theme @anumber of fungal diseases that may
decrease the vitality of the tree, or destroy thevést for the home gardener. Nectria canker,
caused byNeonectria galligenagcauses canker tissue which in time kills youngdrer
branches of older trees. Pathogens as pear$eabyria pirina,primary infects fruits and
foliage, which become disfigured with black spats &sions (Jones and Aldwinckle, 1990)
and pear rustGymnosporangium fuscymrimary infects foliage and causes reduced fruit
production.

To prevent infectious diseases the grower shoubilasusceptible crops or varieties and
make sure the growing conditions are good. If cueatontrol is needed, the home gardener
could use measures from the organic orchards. So#dgsplant extracts and a few class lli
compounds are available (Pettersson and Akess@8).1Bhe most important factor affecting
fungal distribution and infection is the environredrconditions. Mainly humidity and
temperature on host surface, but also host susdéptinfluence the infection rate. Plant
susceptibility and pathogen infectivity remain edgigly during a period of time, while
environmental conditions change to various degapesaffect the development of the
disease. These changes of the environment may é&ther the host or the pathogen. Disease
simulations models or forecasting systems, hava deeeloped based on these
environmental changes, Mills table and RIMpro feample (Agrios, 1997; Bio Fruit Advies,
2008).

The aim of this report was to study and evaluate tihe local climate, influences the
development of pear rust infections. This was cotetlby making climate measurements of
temperature and humidity during the growing seadd008, at three locations each
representing a climate zone. Alnarp located in 2ph&lkdping in zone Il and Skara in zone
[ll. This combined with continuous observationgdlté juniper hostsJuniperus chinensis, J
sabina@ to evaluate the release of spores. The studyaisassupplemented with control
procedures suitable and possible for the use oehgemdeners.

BACKGROUND

Casual organism

The European pear rust is caused by the fGygnnosporangium fuscubdC (syn.
Gymnosporangium sabingBicks) Wint.) and belongs to the Bacidiomyceteshaf order
Uredinales and family Pucciniaceae (Laundon, 19Agaps, 1997). This is a genus
primarily of northern temperate climate and theeabout six species in northern Europe
(Cummings and Hiratsuka, 2003). In a taxonomic antof the genus implemented by Kern
(1973), 57 species @ymnosporangiunwere recognized. Of species evaluated, 38 required
Juniperusas host genera and P§rus(Kern, 1973). The genus Gymnosporangiuns
unusual since its telial state occur on gymnospemmassthe aecial state on dicotyledonous,
predominantly on the Pomoideae of the Rosaceaegdlaéinizing pedicles of the teliospores
characterize nearly all species (Cummings and Yidsu2003).

G. fuscums an obligatgarasite, attack only living tissue and alternétetsveen species
of Pyrus(the aecial host) anglniperug(the telial host) to complete its lifecycle. Theiad
hosts includd’yrus communid. calleryang P. elaeagrifolig P. nivalis, P. salicifolia, andP.
ussuriensigMcCain and Rosenberg, 1961; Fitzner and Fisclg&5R WhereaP.
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korzhinsky, P. betulifolia, P. cordataand the hybridP. salicifolia ‘Pendula’ are the most
resistant varieties according to Fitzner and Fis¢p@05).

The telial hosts are predominantly cultivars withimiperus sabina, J. chinensis, J.
media, J. scopulorumndJ. virginiana(Laundon, 1977a; Agrios, 1997)hujaand
Chamaecypariare unaffected of pear rust as well is the commmedssh juniperJuniperus
communigLaundon, 1977a).

Geographical distribution

G. fuscums widely distributed throughout Europe with obsdions extending to Asia Minor
(Lebanon, Syria and Turkey) and North Africa (Aigesind Morocco). The pathogen has also
been introduced to North America (California, Wasjton, and British Columbia) probably
through the importation of junipers from Europehdon, 1977a; Hollebone, 2006).

The distribution of pear rust in Sweden has presipbeen limited to the southern parts,
zone I-11, with expansions up on the western cbast(Pettersson and Akesson, 1998;
Svanfeldt, 2006). The majority of junipers cultisavithinJ. sabinaare hardy up to zone V
(Fernqgvist, 1993). This access of host plantspessible source for a further distribution of
pear rust throughout the country.

In recent years has the distribution of the pathagdended. According to an earlier study
by the author, single observations have been nradevika and Géavle which represents zone
[l respectively IV of plant hardiness (Karlssoi90B).

Symptoms and damage

Juniper host

Generally pear rust has insignificant affect on the
juniper host. The infection is perennial and oftekills
slender branches in three to four years (McCain and
Rosenberg, 1961). The infections are inconspicuous
except during moist conditions in spring. From mid
April to mid May, telial horns swell up and become
gelatinized, sizing about 10mm in width and 20mm in

high and spread basidiospores (Vukovits, 1980;éilb Figure 1. Needles of juniper infected
and Siegfried, 1997). At dry conditions the swejn with pear rust.

contract and become brown and hard. When shed, tf._,

leave small depressions in the distended steneti@sukovits, 1980).

The pathogen infects young and succulent shootseadleof nearby susceptible
junipers by aeciospores instantly in the autumre fiitst symptoms of infection occur as
small telia of a few millimetres and can be disaedeon juniper foliage as early as the
following spring (Fig. 1) (Borno and van der Kani9,75; Ormrod et al., 1984).

Old perennial infections of the pathogen survive\hnter as mycelium that breaks
through the surface of the infected tissue in gpas small, firm and dark brown horns
(Borno and van der Kamp, 1975).

The growth of the pathogen is generally restri¢tethe cortex and the hyphae are
intercellular (Schmid, 1954). The mycelium stimakatncreased cell formation of the
cambium and cause enlargement of the branch tissom these stem swellings, bright
tongue-shaped telial horns appear as columns (Mtskd980).

9



Pear host

Infection of pear leaves occur at the time of bhasibres release on junipers, usually from
the mid of April to end of May. Young and succuleear leaves are most susceptible to
infection. According to Jones and Aldwinckle (199@¢ the apple leaves most susceptible to
infection of G. juniperi-virginianae(apple cedar rust) when they are 4-8 years oldegand
Aldwinckle, 1990). No similar facts could be fouadcording to pear leaves and infection of
G. fuscum

The first symptoms appear as yellow spots on tipeugpide of young leaves, generally
seven days after the infection (Fig. 4) (Dong et2006). Gradually, these circular shaped
spots become thickened bright orange sizing upvéocentimetres in diameter. These lesions
are very conspicuous and are not to be confusddotlier pathogens (Ormrod et al., 1984).
One individual leaf may have several lesions depgnan the infection pressure, leaf age and
the susceptibility of the variety (Juhasova andiRrka, 2002).

In the centre of the lesions, black dots of frigtbodies, spermagonia, are formed. These
appear within 13-17 days after infection (Vulkoyit980). Opposite the spermagonia, aecia
are formed in groups of 4-16 aggregated clustes cupo small swollen areas of tissue on the
underside of the leaf. These are pale colourethdmtal structures 2-5mm high, 1-3mm
wide with longitudinal splits that remain closedagex (Heinze, 1978). The aecia require four
month for development and appear from the end Atugepending on when the infection
occurred. However, other factors that affect theetof aecia development are weather
influences, soil conditions and internal conditiafishe tree (Bernaux, 1947). Aeciospores
are released from late August until November oil afitinfected pear leaves are shed in fall
(Ormrod et al., 1984).

Heavy infected leaves may curl and drop prematuyidiper and Siegfried, 1997; Naqvi,
2004). If infection pressure is high over many gethie pear tree may lose its vitality and
predispose it to attacks by secondary pathogeresfértlity rate of the tree could also be
affected, resulting in poor fruit set or prematfrtet drop (Gram and Weber, 1944; Phillips
and Burdekin, 1992; Hilber and Siegfried, 1997).
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November — March

The infection of the juniper hc
is perennial and appear as
swellings of the stems with
scars from previous telial hon

September - October

Aecia are formed opposite the
spermagonia on the underside of
leaf. These produce and disperse
aeciospores that infect tissue of
juniper

August

R {

The pathogen survive the winter
as mycelium which breaks
through the surface of the infec
tissue in spring as small, firm and
dark brown horr

>

Juniper host

Pear host

<

June - July

Characteristic symptoms of
pear rust.

Spermagonia are formed in
the middle of the lesions that
later become visible as small
black dots.

s - < A\ N | vx
el 1 22 N 2N Aum\ .
In moist conditions the telial
horns swell up and disperse

basidiospores that infect
susceptible pear tissues.

May - June

When the telial horns are
shed, they leave small
depressions in the distended
stem tissue.

The first symptom of pear
rust infection on pear leaf
occurs as small yellow dc
one week after infection.

Figure 2. An overview of the alternating behaviour®@f fuscunthrough its lifecycle and the symptoms in
different development stages on each host © Ivarsa@09.
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Life-cycle

G. fuscunsurvives the winter as perennial dikaryotic myaalian stems of its juniper host
and produce telia annually in spring. When the d@rs are moist and temperature
favourable, the telial horns swell and form therakteristic yellow-brown, tongue-shaped
structure, formed by columns of teliospores andip€Phillips and Burdekin, 1992; Butin,
1995; Agrios, 1997). The teliospores are thick-e@lnd two-celled by transverse septum
sizing 42-56 x 22-32m. The shape is ellipsoid with a yellowish cololiney are borne singly
on long pedicles, which absorb water and causgédlainized swellings (Laundon, 1977a;
Cummings and Yasuyuki, 2003).

The teliospores germinate and produce a four-celtebclub-shaped basidia from which
four basidiospores are released (Phillips and Bang@992). Basidiospores are dispersed by
air and infect succulent pear leaves primarilyightiwhen humidity is high. They require
free water on plant foliage to germinate. If depexsion dry foliage their vitality remains for
approximately a day if humidity is high (Hilberadt, 1990; Wayne and Howard, 2005).

The distance for how long the basidiospores malgygwind could be rather long, 300-
500 meters, but then with small infections as alte®Vithin a distance of 50 meter severe
infections are to be expected. Other factors tifaience the distribution and infections rate
of basidiospores are wind direction, topography twedseverity of the infection on the
juniper host (Hilber and Siegfried, 1997; Siegfraad Viret, 2004).

When the basidiospores infect the young pear hegdfloid mycelium is produced that forms
spermagonia on the upper side of the leaf. Thensgpgonia are immersed in host tissue and
apparent as small black sticky dots in the centtbelesion (Phillips and Burdekin, 1992;
Agrios, 1997). These contain haploid spermatiaracdptive hyphae. Insects are involved in
the distribution of these haploid spermatia ang e attracted to the lesions by the nectar
with sticky content excreting from the spermagdiiatte, 1958; Heinze, 1978).

The spermatia fertilize the receptive hyphae, wiedult in the production of dikaryotic
mycelium and dikaryotic spores (Agrios, 1997). Hitearyotic mycelium forms aecia on the
underside of the leaves. The aecia produce aecEspohich are one-celled sizing 23u87
diameter and are broadly ellipsoid (Laundon, 19%iaclair and Lyon, 2005).

The aeciospores are released from the pear leatles tame of maturation of aecium,
normally from September, until all infected leaaes shed. Air currents to junipers carry the
aeciospores. After the aeciospores have been eeletie mycelium in the infected pear
tissue normally dies out. Occasionally it infeatsl &urvives the winter at the base of the pear
buds (McCain and Rosenberg, 1961; Hunt and O’'Réelily8; Vulkovits, 1980; Butin, 1995).

Environmental requirements of pear rust infection

Teliospores of5. fuscumn mature telial horns germinate when free watemfrain is
available and produce basidiospores, which infectslent pear leaves. And the infection of
pear leaves by basidiospores is dependent on théatuof moist periods which and the
temperature during such. The cedar apple Esjuniperi-virginianaeSchwein) is an
important rust of apples in eastern North Amerigaring rain the teliospores germinate to
produce basidiospores within 4 hour at 11€28nd within 5-7 hour at 7-1C but not at 26-
30°C. Basidiospores d&. juniperi-virginianaeonly infect the host if there is a film of water
present for a sufficient time (Jones and Aldwingcki@90).

12



Effect of temperature and Relative humidity

A Swiss study by Hilber et al. (1990) was condudtedvaluate the influence of temperature
on telio- and basidiospore germinationGffuscunin vitro. The study also evaluated the
effects of temperature, inoculums concentrationlaatiwetness periods (LWP) on potted
seedlings of pear, grown in plastic pots in theegh®use (Hilber et al., 1990).

The germination rate of teliospores®f fuscunwas evaluated in vitro by incubate
inoculated Petri dishes at 100 % RH & 05C, 10C, 15C, 20C, 25C and 30C. The most
favourable temperature for teliospores to germinatairred between 10-25 with an
optimum at 15-2TC. No germination occurred at®, 5C and 30C. This shows that the
temperature influence the development of the pahaap the junipers in spring. After 12
hour the germination rate at"@was 71% and 85% at ZD (Hilber et al., 1990).

Germination rates of basidiospores was examingdeisame way as for the teliospores
and occurred at 5-26, with an optimum at Z€. No germination was observed aEGnd
30°C (Hilber et al., 1990).

The study indicates 16 as the optimum temperature for infection of deaves.
However, the most important factor affecting infectrate is the LWP (leaf wetness period).
At the optimum temperature (&%) a LWP of 3 hour was enough to have 3 to 10 fesjer
leaf. Infections could be considered severe eveéenaperatures as low as 024 but it
required an increasingly longer LWP. ACla LWP of 7 hour gave 1 to 2 lesions per leaf.
The infection rate of the pear seedlings increag#uincreasing LWP and increasing
inoculums concentration (Hilber et al., 1990).

In 2006 another study by Dong et al. was condutdexaluate the effect of environmental
conditions (temperature, RH and duration of fre¢gewaon germination and survival of telio-
and basidiospores of the Japanese pearGystnosporangium asiaticumiyabe ex G.
Yamada G. asiaticums a genus native to Asia and alternates betwe®pgts Juniperus
chinensisandJ. procumbenjsand pear species (among others ByttuscommunisandP.
sinensi$. The Japanese pear rust is distributed throughaCfapan and perceived in the
USA (Laundon, 1977Db).

Teliospores germinated within the temperature r&ng€&C, with an optimum between
16°C and 20C. At these temperatures the minimum time for hasjmbres production was 3
hour. According to the study the telial horns nekttebe soaked in water for initiating
germination. For as little as 30 seconds initiggemtuction of basidiospores. After this
primary soaking, RH had little effect except atrerte temperatures (Dong et al., 2006).

Basidiospores germinated at 5-@0with an optimum at & and required free water or
saturated moisture to germinate. In free water fraim the germination was eight times
greater than at RH 100%. According to the studybeadiospores appeared to be tolerant of
dry periods. They survived for at least six daythvdH as low as 45% (Dong et al., 2006).

Control measures

Cultural control

Elimination of either host will control pear ru&emoval of the juniper host is preferably
done within a distance of at least 500m from ther pe2e to accomplish result. Infection
severity will decrease with increased distance betwthe hosts. To achieve this, a voluntary
cooperative effort between neighbours must be n@ageohibit further development and
spread of the disease. If susceptible cultivarewemoved and replaced with resistant ones,
the disease cycle of the fungi would be brokentaergathogen thereby controllable. It is not
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possible to cure a diseased juniper. But, removialfected branches could give result if
made before the time of spore release or befoagigidation of the telial horns (Hilber and
Siegfried, 1997).

No long-term effect is achieved by removing theeatéd leaves of the pear tree since the
infection is annual, i.e. the tree will be reinfetinext spring if diseased junipers still occur
within the vicinity. Since the shed leaves are oarse of infection, they could be left on the
ground without further processing (Hunt and O’Reill978; Hilber and Siegfried, 1997).

Fungal control

No curative chemical control measures are availtnléhe individual gardener against
pear rust. Within the commercial and IP fruit protion chemical control is an important
management tool of fungal attack. The fungicidgzayed and registered in Sweden has
shown to have an affect @ fuscunmas well, especially those for control of scebnturia sp
(Juhlin, 2006b).

Sulphur is commonly used and probably the oldesgiftide known (Agrios, 1997).
Today it is an important tool against sc¥enturia spin other countries. In Sweden is the
sulphur-granulate Kumulus DF registered and allowearganic production for control of
powdery mildewPodosphaera leucotrichi&ll. & Ev.) E. S. Salomon. It has also shown side
effects orventurig (Juhlin, 2006a).

Kumulus DF is a class Il fungicide and approveddablic use. Thereby could it be an
alternative for the individual gardener. Prevenmtpplications of Kumulus in spring during
time with risk of infection ought to decrease intfens of pear rust. However, repeated use is
necessary since sulphur evaporates and easily dashiey rains. Kumulus should not be
applied in bloom since it may intimidate pollinadSandskar et al., 2005; Juhlin, 2006a).

Vegetable oil emulsions have shown to have an efie®odosphaeraPrimary it
operates by contact with physical impact on th@g@gen (Sandskar et al., 2005). Oil
emulsions also seem to reduce infections by chare characteristics of the leaf surface.
This would eventually prohibit spore penetratiod @nevent infection (Agrios, 1997).

Another way of preventing pear rust infection istop the spores from reaching the
leaves by hooding the tree with fibre cloth. Noyioes studies are to be found evaluating its
effect on pear rust. However, fibre cloth coveramg used in organic growing systems to
protect the crop from pathogens (Grundberg, 2003).

Forecasting systems

There are a number of different simulation modslsdufor recreation of disease outbreaks
building on the correlation between local climastadand pathogen. Apple scatgnturia
inaequalis(Cooke) Wint., is an ever-present fungal diseaswé¢hards and different warning
systems have been developed over the years t@aBings density of spores. Mills table
present the correlation of duration of rain requiia¢ each temperature for infection of apple
scab to take place. It also suggests the approgidets of incubation. By these means the
grower decides control measures (Agrios, 1997;sJand Aldwinckle, 1990).

Today is computer simulation models, building ocalaclimate data used in orchards as
forecasting systems. Such a system is RIMpro, aiwgusystem, containing models for apple
scab, codling moth and sooty blotch. RIMpro is uiseittegrated and organic orchards
throughout Europe. In practice, growers use thgsiems to modify the timing of
applications of fungicides (Bio Fruit Advies, 2008)
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FIELD EXPERIMENT

Climate and control measurements

The climate was studied during the growing seas@®08 by position climate loggers in
pear trees with the aim to estimate the correldtetmveen climate and pear rust infection.
Pear trees at three different locations were stljdiach representing a climate zone. Alnarp
located in zone |, Lidkoping in zone Il and Skaraone Ill. This combined with continuous
observations of the juniper hosts to evaluate ¢hease of spores. At the same time three
different control methods of pear rust were evadatithin the current trees. Fibre cloth
covering was chosen as method of encapsulatingheneby protecting the leaves from
infection. Oil emulsion was used as a control métkioce it has contact and physical impact
on the fungi. Kumulus was used as a preventatiméralomethod.

Material and method

Observation of telial horns on juniper host

In the location of Alnarp five junipers were sekbstt
within the adjacent range, in this case of 75-2%@ens
from the studied pear tree (Fig 4). The junipersseim
were confirmed with telial horns. Of these were two
represented by cultivars withduniperus sabinawo J.
chinensisand one). media Observations were made on
weekly basis estimating the release of basidiospdiee
observations started th& @f April, just before pear
bloom and ended when the occurrence of telial haass
over the 28 of June.

A

Figure 3. Telial horns on juniper branch
applied artificially in Skara and Lidk6pin

Figure 4. Map over the location of Alnarp campus
and the distribution of basidiospores from the
junipers to the pear trees.

S1:Juniperus sabingl00 meter from pear tree)
S2:Juniperus sabing250 meter from pear tree)
C1:Juniperus chinensi@20 meter from pear tree)
C2: Juniperus medi§220 meter from pear tree)
C3: Juniperus chinensi@20 meter from pear tree)



In the locations of Lidkdping and Skara the patmogas artificially introduced due to
lack of juniper hosts in the neighbouring area.ydalv lesions of pear rust have previously
been observed on the trees. Therefore juniper hesnwith telial horns were brought from
Alnarp and Lidkoéping and mounted 25 meters frompéar tree (Fig. 3). These branches
were subsequently replaced to ensure good condifitre telial horns and production of
basidiospores. Swelling of telial horns confirmedduction of basidiospores.

Monitoring climate loggers

The pear trees were selected regardless of vaAety. R
each location one climate logger was positionedeclo g 5 i
to the middle of the tree at about 150 centimedtese | N
ground. A paper cap was enfolded around the logager |
protection against sun radiation (Fig. 5).

The climate loggers registered temperati® and
humidity (RH %) every fifth minute. The data was
transferred by the Diligence of windows softward an
used to calculate dew point and risk of leaf wetnes
used in this investigation. The climate registnatiath
logger in Alnarp started at the"16f April, just before

. . . . Figure 5. Climate logger positioned
bloom and in connection with the appearance adlteli  aAinarp seen from below and enfolded

horns on the juniper host. Climate registratiorhwit by paper cap as protection.
logger in Lidkdping and Skara started the first kvee
May. During the season observations were madegnaebasis to follow the development

and growth of the spore stages.

Trials of control procedures

Three different control procedures were used durin
the study to evaluate its effect on pear rust tidec
Branches chosen were equally distributed over the
tree and treated with either a sulphur emulsion of
Kumulus DF (0.30% = 3 g/l = 5 kg/ha), oil emulsion &
(2%) and fibre cloth covering. Kumulus DF (BASF) [
was applied with a hand sprayer. Rape oil (coldrfor [EFES
was used in the oil emulsion and applied by hand
sprayer. The fibre cloth (13 gfinvas wrapped
around the entire branch and fixed with stapleg.(Fi
6).

The procedures were compared with untreated
branches. The first treatment was conducted at the
29" of April in Alnarp, just after bloom in week 18h& treatments were repeated at thet
May, 12" of May and the 24 of May, totally four occasions. In Lidképing antlaBa the first
treatment was conducted at thd"18 May, just before bloom. The treatments wereated
18" of May and 28 of May with a break during bloom.

Each treatment was repeated five times on eachTiezeleaves from each replicate were
randomly graded, infected (1) and uninfected (@tally 200 leaves of each tree were
evaluated.

e 2 ‘i ._-_‘* "\I‘:m._,_ Ve
Figure 6. Applications of fibre cloth
covering as a control procedure in Alnarp.
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Calculations

Calculations of climate data

To estimate the accumulated time of potential vegthess and condensation the dew point
temperature was calculated using the data of hiyredhid air temperature received from the
loggers. The following formulas were used calcualgsaturation vapour pressure (Es) and

actual vapour pressure (E) to obtain the dew pgemperature (Palmer, 2000).

First saturation vapour pressure Es was calculated:
Es=6.11*10.0"(7.5*T/(237.7 + 1))
Where T is the temperatureC)) at a given time.

The actual vapour pressure E:
E = (RH * Es) / 100
Where RH is the relative humidity in percent ai\geg time.

The dew point temperature (Tdc) was obtained:
Tdc = (-430.22 + 237.7 *In (E)) / (-In (E) + 19)08

The accumulated time (h) during measured periol igh risk for condensation and leaf
wetness was calculated by reducing the temperataaiven time, with the dew point
temperature at a given time. A temperature diffeeenithin the range of 0.3-1.0° C from dew
point temperature was calculated. The deviatiod.®fdegrees from dew point is used as an
estimating point in figures below (see table 1).

Statistical analyses

The results from the control procedures were aedlysing Mann-Whitney U test and
Kruskal-Wallis test to distinguish if the differemethods had given statistical differences.
The Kruskal-Wallis test is a ranking test with thea replaced by their ranks. Both tests are
non-parametric tests and are a measure of eqoélityo population distributions when there
is no assumption of normal distribution (Dytham92p In this case, one nominal variable
and one measurement variable is used and the neeasoitrvariable does not meet the
normality curve. The statistical analyses were cotetl in Minitab.

RESULTS

Observations of telial horns

The first symptoms of emerging telial horns wereasised in the beginning of April (week
14) and present on all juniper varieties in AlndrpLidképing telial horns were observed the
same period of time, during week 14, od &hinensivariety.

The first symptom of emerging telial horns appea®dark brown eyes in the previous
season scars. In the time just before pear bloozeKwW6), the telial horns started to maturate
and teliospores attain ability to germinate. ABaccessive rainfall these telial horns fell off
and left scars within a few days. No additionabldiorns emerged from the current infection.
Instead new telial horns emerged constantly duengveeks in sequence (until week 24).
Except onJ. sabinaon which the development of telial horns was catga in the middle of
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May (week 20).

A visible difference was experienced in the genbeddaviour of the pathogen between the
juniper varieties. On thé sabinavarieties the duration of telial horns appeareddashorter
and the infection rate was less comparedl thinensisandJ. media TheJ. chinensisandJ.
mediavarieties appeared to have the most establisliections and the largest amounts of
infected branches. The period of mature and spispersing telial horns was also more
constant on these varieties.

Climate

The climate in Alnarp was studied from thé"id April until the 33" of June. Climate
registration in Lidkoping and Skara started thstfiweek in May. Climate data and results
from the different climate zones I-1ll are presehéad analysed below.

Condensation and leaf wetness

During the first two weeks of measurements, weekrid17, only data of week 16 showed a
short period with risk of infection of the newly enged pear leaves in Alnarp. In week 16 the
air temperature deviation 0.8 from dew point was 0.6 hours (Fig. 7). The acaiated time

of RH at 90% was 12 hours and normally appearé¢ldrsunrise (Fig. 8).

The first occasion with a high risk of spore digatiand infection occurred in week 18
where the accumulated time with risk of condensadiod leaf wetness was 23 hour (Fig. 7).
In this week was also the gathered time of RH & @8 much as 44.5 hours and 20 hours at
95% RH (Fig. 8).

The next occasion with risk of leaf wetness andsjpafection of pear leaves occurred in
week 22. The accumulated time with risk of condegasavas 12 hours (Fig. 7), 22 hours
with RH at 90% and 11 hours with RH at 95% (Fig. 8)

Accumulated time with risk of condensation 0.8 degree
C from dew point per week in Alnarp

325 @ time with r?sk of
condensation 0.8

0 = T T T T T T T T
16 17 18 19 20 21 22 23 24 25

week no

Figure 7. Accumulated time with risk of condensation (ainfeerature deviatio.8° C from dew point) per
week in Alnarp.
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Accumulated time with RH at 90% and 95% in Alnarp

70
60 -

50 -
mAcc. time RH 90%

OAcc. time RH 95%

40

30
20

time (hours)

10 -

16 17 18 19 20 21 22 23 24 25
week no

Figure 8. Accumulated time with RH at 90% and 95% per weeklnharp.

Table 1.The table below shows the accumulated time (inr$)awith risk of condensation and leaf wetness per
week in Alnarp. The accumulated time with air tenapare deviation (temperature (T) - dew point terapge

(Tdc)) are presented within the range of 0.3>XC0from dew point.

Accumulated time (h) per week with calculated risk of condensation in Alnarp

Temperature deviation

(T-Tdc °C) 16 17 18 19 20 21 22 23 24 25
0.3 0 0 5.4 0 0 0 3.7 0 0 0
0.4 0 0 5.8 0 0 0 3.8 0 0 0
0.5 0 0 12.6 0 0 0 5.2 0 0 0
0.6 0 0 16.8 0 0 0 9.3 0 0 0
0.7 0 0 19.9 0 0 0 10.7 0 0 0
0.8 06 0 23.0 0 0 0 12.1 0 0 0
09 0.7 0 25.7 0 0 0 13.7 0 0 0

1 14 0 26.9 0 0 0.08 | 16.4 0 0 15

In Lidk6ping and Skara the measurements starteceek 19. During the fist three weeks the
measurements showed periods with risk of infectibtihe emerging pear leaves. In week 19
the accumulated time of risk of condensation wase$pectively 11 hours (Fig. 9). The
accumulated time of RH at 90% was 23 hours in Lok and 24 in Skara (Fig. 10 and 11).

In week 20 there was a higher risk of spore dispensd infection in Skara compared to
Lidképing. The accumulated time with risk of condation and leaf wetness was 36 hours
and RH at 90% 54 hours (Fig. 9).

During week 21 the risk of leaf wetness and infecf pear leaf continued with the
accumulated time of 18 respectively 17.5 hour®af Wwetness (Fig. 9).

The following weeks, 22 and 23 the accumulated twitk risk of condensation was
reduced but to increase again in week 24 and 2p 9i
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time (hours)

45

Accumulated time with risk of condensation 0.8
degree
C from dpwpnint per week in | idkﬁping and Skara

40 -
35 4
30 -
25 4
20

OLidkdping O Skara

15

10 A

A

19 20 21 22 23 24 25

week no

Figure 9. The accumulated time 0.& from dew point presented per week in Lidkoping &kara.

time (hours)

70

Accumulated time with RH at 90% and 95% in
Lidkdping

60

50
40

B Acc. time RH 90%

30 -
20 A
10 A

OAcc. time RH 95%

19 20 21 22 23 24 25

week no

Figure 10. Accumulated time with RH at 90% and 95% per weekidkdping.
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Accumulated time at RH 90% and 95% in Skara

~
o

[e2]
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B Acc. time RH 90%
OAcc. time RH 95%

time (hours)
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o O O O
| I I I

I:|-_ I:I i
199 20 21 22 23 24 25

week no

Figure 11. Accumulated time with RH at 90% and 95% per weekara.

Temperature and relative humidity

The following figures 12, 13 and 14 present thegerature and RH data from the location of
Alnarp as mean day and night for each week in a tine. The pictures correspond to the
observations made the current week. Table 2,3 grdsent the corresponding climate data
for Lidkdping and Skara week19 to 25.
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16/4 Start climate
29/4 Start of treatments

measure
Qcular risk of infection Low risk of infection High risk of infection
w. 15 w. 16 w. 17 w. 18
Temp’C| RH% [Temp°C| RH% |[Temp’C| RH% | Temp°C | RH%
mean day - - 10.9 60.0 12,1 47,2 16 60
mean night - - 3,2 82,7 5,3 73,7 10,2 73,3
temp diff. 7,7 6,8 5,8

Figure 12. A time line presenting temperature and RH datmean of day and night for week 16-18 in Alnarp.
The pictures correspond to the observations masleutrent week.
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Treating new emerging
leaves

9/5 first symptom of pear rust Distinct symptoms
Low risk of infection Low risk of infection Low risk of infection High risk of infection
w. 19 w. 20 w. 21 w. 22
Temp°C| RH% | Temp°’C | RH% | Temp°’C | RH% | Temp°’C | RH%
mean day 20,4 51,6 17,3 47,3 16,3 48,7 17,8 53,4
mean night 11,2 80,8 8,7 68,7 8,5 74,3 10 77,7
temp diff. 9,2 8,6 7.8 7.8 |

Figure 13. A time line presenting temperature and RH dataean of day and night for week 19-22 in Alnarp.
The pictures correspond to the observations masleutrent week.
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Only scars left of telial horns

Confirmed occurrence of

spermagol

nia

Low risk of infection Low risk of infection Low risk of infection Low risk of infection
w. 23 w. 24 w. 25 w. 26
Temp’C| RH% | Temp’C| RH% | Temp°C | RH% | Temp°C | RH%
mean day 12.1 47.2 15.2 57.6 17.3* 61.4* 15.6 61.2
mean night 5.3 73.7 11.2 79.1 13.6* 78.0* 12.3 68.5
temp diff. 6.8 4 3.7* 3.3

Figure 14. A time line presenting temperature and RH datmean of day and night for week 23-26 in Alnarp.

The pictures correspond to the observations masleutrent week.
* Data presented in week 25 are received from Taédkjaboratoriet at Alnarp.

Table 2: A time line presenting temperature and RH datmean of day and night for each week 19-25, in

Skara.
w. 19 w. 20 w. 21 w. 22 w. 23 w. 24 w. 25
Temp | RH |Temp| RH [Temp| RH |Temp| RH [Temp| RH [Temp| RH |Temp| RH
c % cC % c % c % c % c % c %
mean day 18.8 [415] 111 | 644|136 | 479|205 331|164 | 65.1|19.1 | 459 | 15.0 | 54.3
meannight | 78 |830| 65 |862| 6.0 [813)| 104 |70.2| 93 |854]| 101|719 | 80 | 76.6
temp diff. 11.0 4.6 7.6 10.1 7.1 9.0 7.0
Table 3: A time line presenting temperature and RH datme@an of day and night for each week 19-25, in
Lidképing.
w. 19 w. 20 w. 21 w. 22 w. 23 w. 24 w. 25
Temp| RH |Temp| RH |Temp| RH |Temp| RH |Temp| RH |Temp| RH |[Temp| RH
C’ % C’ % C° % C° % C’ % C’ % C° %
mean day 18.6 | 448 | 12.6 | 649 | 142 | 494 | 20.2 | 370 | 23.3 | 378 | 158 [105]| 145 | 71.0
mean night | 88 | 76.4| 57 |86.2| 6.8 |78.1|105|709| 136|728 105 |833| 9.3 | 929
temp diff. 9.8 6.9 7.4 9.7 9.7 5.3 5.2
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Control procedures

The interference between the control proceduresanal/sed using Mann-Whitney U test.
The test results indicate that there was a sigmfidifference between treated and untreated
branches independent of procedure. This showsathebntrol methods gave an affect on the
infection rate. But there were no significant viaoa between the different procedures
according to the Mann-Whitney U test.

The variation between the procedures was also selysing Kruskal-Wallis test. The
result ranked fibre cloth first, then Kumulus, aid untreated last. However, the Kruskal-
Wallis test shows how the procedures relate andaseed to each other. Not their effect on
pear rust.

In the procedures of oil emulsion and fibre clotlvering, burn damages occurred on the
leaves.

DISCUSSION

Variation in occurrence of telial horns between the varieties

The duration of telial horns appeared to be shamerthe infection rate was lower on the
sabinavarieties compared th chinensisandJ. media.This could be due to differences in
infection rate, growing pattern or morphologicdfeliences. The period of symptoms and
developing telial horns lasted from week 14 untlek 24, which is 10 weeks in a sequence.
However, there was a variation in occurrence oftdlial horns between the varieties. On the
varieties of]. sabinathe development of telial horns was completedh@rhiddle of May.

This was almost a month earlier than for the otlaeieties.

The measurement of the climate started in the raidtliveek 16, before bud break of
pear and in correlation with the appearance ddiltblbrns on the juniper host. Before this
week (week 15, see figure 12) no gelatinised tékeths occurred and no leaves were fully
developed on the pear host. Thereby no infectiadcoccur. In the end of week 15 there was
a short rainfall generating the telial horns to kwénfortunately there was no climate data
available. This short period of rain triggered tbkal horns to be gelatinised during the
following period (week 16) until they fell off. Dumg week 16 the accumulated time of RH
over 90% was only 12 hours. According to the stioglypong et al. (2006) the telial horns
that were soaked in water for as little as 30 sdspmitiated production of basidiospores.
After this primary soaking, RH has little effectogypt at extreme temperatures (Dong et al.,
2006). This explains why there could be gelatinigtdl horns during periods of less
favourable environment as during week 16.

Influence of temperature and relative humidity

Alnarp

Already in week 16 there was an ocular risk of spispersal and infection, because there
were gelatinised telial horns spreading spores. é¥&w this risk of leaf infection could not

be confirmed by the climate data within the peee ttanopy. There were no risk of leaf
wetness by condensation and the relative humidityhdt reach above 95%. The accumulated
time with RH at 90% was 12 hours, however, thisasconsidered as a risk of infection.
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The next time with ocular risk of infection occurin week 18 with gelatinised spore
spreading telial horns. Here could risk of infentlwe confirmed by the climate measurements
with an accumulated risk of a leaf wetness perio2Bdhours. From the middle of the week
the accumulated time of RH at 95% was 20 hoursohirast to the previous week the mean
day and night temperatures was highef,ré6pectively 10.2C. All factors indicating that
leaf infection most certainly occurred. AccordingHilber et al. (1990) I5C is the optimum
temperature for infection of pear leaves. Howether,most important factor affecting
infection rate is the leaf wetness period, as #sdiospores require free water on plant
foliage to germinate. At £& a period of 3 hours would be enough to have sélesions per
leaf. Week 18 supplied several hours of leaf wetmes& making it possible to cause infection
at lower temperatures.

The climate data achieved from week 18 indicatbayh risk of leaf infections, which
was confirmed the following week. The first symptoof pear rust occurred th& 8f May in
the end of week 19. Generally the first symptonzeap seven days after infection (Dong et
al., 2006). Here the first symptom could be conéidmine days after the initiated moist
period. This time of incubation is most likely affed by temperature and relative humidity
but also by the age of the pear leaves (Vulkod@80).

In week 22 the climate data confirmed an additioisid of pear rust infection. The
accumulated time with risk of leaf wetness was a@rk and the RH at 95% was 10.8 hours.
Still telial horns developed at the junipers dimtting basidiospores. At this time the previous
infections had developed apparent symptoms as gelldiv dots. These leaves should not
risk an additional infection due to age. Howevél, sew leaves are developed from shoots
risking infection. Infections of newly emerging \&s could be confirmed later in the summer
as the size of the lesions varied between the $eaivthe shoot. The leaves at the base had
more developed lesions then those at the top. @plareation could be that they were
infected in different periods.

The most important factor affecting pear rust itifatis the environmental conditions,
mainly humidity and temperature on host surfacanfPsusceptibility and pear rust infectivity
remain essentially during a period of time in sgrfAgrios, 1997). In this study, during ten
weeks with developing telial horns while the climabnditions alter. Forecasting systems
have been developed based on these environmeataje$fr A resembling system would
therefore be possible as a measuring tool for pesir However, developing these models
demands research and assessment for years (AtR®5, Bio Fruit Advies, 2008).

Lidk6ping and Skara

The climate data achieved from Lidkdping and Skanang the weeks 19, 20 and 21,
indicated several occasions with risk of sporedtiéa. During week 20 the risk of pear rust
infection could be considered very high in SkataisTweek the accumulated time with risk of
leaf wetness was 36 hours and the RH at 95% wash@wrs. In the same week the mean day
and night temperatures was’ Ié&spectively 6.5C, which would be considered low. However,
the long period of moisture during these weekbésnost affecting factor on leaf infection
(Hilber et al., 1990).

Unfortunately no infections of pear rust were deped in Lidkdping. In Skara were the
leaf infections limited and symptoms were spottedieek 24. These lesions were at that time
about five millimetres in diameter that would bsign of that the infections were about four
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weeks old and that an infection occurred duringkn@or 21.

The climate data indicated several occasions wsthaf infection, which defaulted. No or
very limited infections were spotted. One posdipil that the limited amount of telial horns
(only one branch per location was applied) restdd¢he spore dispersal. The severity of the
infection on the juniper host affects the distribntand infection rate according to Hilber and
Siegfried (1997). Siegfried and Viret, 2004.

Control procedures

Fibre cloth covering

There was a noticeable difference between thealesatd untreated branches independent of
procedure. The fibre cloth cover gave an unexpesitgdficant reducing effect of infection
according to the Mann-Whitney U test. It was alesifioned first by the Kruskal-Wallis test,
which ranked the procedures in relation to eackroffhe effect of the fibre cloth was
probably due to divergent environment inside. Effected leaf wetness and made the
conditions unfavourable for the pathogen.

Unfortunately the covering cloth was removed te iatthe season. It should have been
removed when the risk of infection ended. The tesfuthe prolonged covering was burn
damage of the leaves and malformed shoot growtbsd mjuries would have been limited if
the cloth was removed earlier.

The fibre cloth covering can only be possible asrmtrol method of pear rust on young
and small trees. In this study only individual bhes was covered which gave an effect on
the micro climate inside.

Kumulus DF

The Kumulus control significantly reduced the irtffen rate and was ranked second
according to the Kruskal-Wallis test. It is modeefive used preventively (Sandskér et al.,
2005; Juhlin, 2006aln this study it was applied at least once a weak the time after
bloom until the risk of infection was over. It wagplied repeatedly since it easily is washed
off by rains and in order to give new emerging ksaprotection.

Applications of Kumulus DF can be an alternativetfe individual gardener as a control
method of pear rust. However, the applications rbagtreventative and no curative effect is
to be expected. Still, Kumulus should be used watie since it may affect the pollinators. It
could also, in high concentration, cause burn dawnag leaves and flowers. Another issue
for the gardener is the application technique.tAgorks by contact it requires good coverage
of the leaves, which would be complicated in larges.

Oil emulsion

Also the oil emulsion gave a significant effectlloé pear rust infection rate but was ranked
according to the Kruskal-Wallis test as the leasicdjof the procedures. Though, this method
gave distinct burn damages on the leaves, whidtid the ornamental appearance of the
tree. This would not be an option as control methtalvever, it was applied as frequent as
the Kumulus procedure. This seems to be unneceasdrgnaybe one application would be
enough as protection. But new emerging leaves bripteventatively protected.
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