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ABSTRACT

Apple production in Serbia is characterized by the introduction of new technologies and the establishment of intensive
plantations based on modern systems. In intensive apple production systems, sudden and rapid decay of young apple trees
exhibiting collar and rootstock blight symptoms in the first few years after planting is becoming a prevalent issue. However, knip
or nursery trees with lateral branches (feathers) on rootstock M.9 i.e. one- to five-year old are most seriously affected. Based on a
longitudinal survey of young apple plantations in Serbia and the results of pathogen detection and identification using
conventional and molecular methods, the plant pathogenic bacterium Erwinia amylovora was found as the causative agent. By
increasing the incidence of collar and rootstock blight in young apple trees, E. amylovora is gaining importance as the most
destructive disease in apple production. In order to control E. amylovora effectively and apply appropriate control measures, it is
necessary to survey the development of lesser-known symptoms caused by this pathogen, which are becoming prevalent in
Serbian agroecological conditions.
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H3BO/J

[IpousBoamwy jabyke y Cp6buju KapakTepulle yBoherme HOBHUX TEXHOJIOTMja M NOAM3ame HWHTEH3MBHMX 3acaja ca
HajcaBpeMeHHUjUM CHCTEMHMMA. Y MPBUX HEKOJIMKO rOJIMHA 0 CaJitbH, Y CHCTEMHMA UHTEH3UBHE NIPOU3BO/I-€ jabyKe, cBe Yyelihe
ce jaB/ba IP06JIEM U3HEHAZHOT U GP30T CyLlema LeJnX, MJIaJiuX cTabaa ca CUMIITOMHUMa HEKpo3e KOPeHOBOI BpaTa U NOJJIoTe.
Yr/J1aBHOM Cy TO KHUI MJIM CafiHUILIEe ca IpeBpeMeHUM I'paHaMa Ha cJ1a6o6yjHoj nmojosu - M.9, ctapocTtu [0 neT roguHa. TokoM
BULIEroAuLIber npahema OBe MojaBe y MJIAJUM 3acajuMa M J1abopaTOPHjCKUX pe3yJsTaTa uieHTHdHKalLMje Npoy3poKoBaya
IPYMEHOM KJIaCHYHHX M CaBpPeMeHHX MeTo/ja, yTBpheHo je mpucycTBo 6akTepuje Erwinia amylovora. C 063upoM Ha cBe demhy
[ojaBy HeKpo3e KOPEeHOBOI BpaTa M MOJJOre y MJaJUM 3acafiuMa jabyke, E. amylovora po6uja cBe Behu 3Ha4aj U mocraje
HajleCTPYKTHBHH]je 060/betbe Y MPOU3BOAIY jabyke. Y by epukacHor cysbujama E. amylovora u mpuMeHe aJleKBaTHHUX Mepa
3alITHTe, HEOMXOHO je MPATUTH 3aCTYI/beHOCT U Pa3B0j Makbe MO3HATUX CUMIITOMA OBOT NATOreHa, KOjU ce y HalllUM yCJIOBHMa
MoC/IeJbUX TO/[MHA CBe Yellhe jaB/bajy.

Kiby4He peun: jabyka, cylierwe, KOpeHOB BparT, noaJsiora, Erwinia amylovora.

1. Introduction European plums (Vanneste et al, 2002), hokeberry
(Aronia melanocarpa) (Atanasova et al, 2005), Spirea
The plant pathogenic bacterium Erwinia prunifolia, Rosa canina and R. rugosa (Bastas et al,
amylovora, the causative agent of fire blight on pome 2013; Bastas and Sahin, 2014). In neighboring Hungary,
fruits, is widespread in Europe, Asia, North Africa, the this bacterium has also been described as a pathogen of
Eastern Mediterranean, North and Central America and stone fruit species such as European plum (Prunus
New Zealand (Bonn and van der Zwet, 2000; Van der domestica) (Végh et al, 2012), cherry plum (P.
Zwet, 2002; CABI/EPPO, 2007; OEPP/EPPO, 2013). cerasifera), and apricot (P. armeniaca) (Végh and
This bacterium has been described to be pathogenic for Pavlovics, 2013, 2016). Considering that the presence
200 plant species, mainly affecting those within the of this pathogen in stone fruit species has recently been
Rosaceae family, but also the genera Chaenomeles, identified in Hungary, E. amylovora has the potential
Cotoneaster, Crataegus, Cydonia, Eriobotria, Malus, for future spread to new hosts in Serbia as well.
Mespilus, Pyrus, Photinia, Pyracantha, Sorbus, and E. amylovora is on the EPPO (The European and
Stranvaesia. However, the most extensive losses have Mediterranean Plant Protection Organization) A2 list of
been recorded on pear, apple and quince cultivars in quarantine pathogens in the European Union,
many countries including Serbia (Popovic et al.,, 2020). confirmed in 51 countries (OEPP/EPPO 2013). In
E. amylovora has been described on raspberries (Starr Serbia, E. amylovora is on the list IA part II of harmful
et al, 1951; Atanasova et al, 2005), Japanese and organisms (Sluzbeni Glasnik RS, 2015).

63


http://polj.uns.ac.rs/en/node/1680�

Ili¢i¢ and Popovié¢

Fire blight is difficult to control, considering that
the bacterium is able to rapidly spread in the host
plant. Therefore, effective control methods are still
lacking (Vrancken et al, 2013). E. amylovora has
become a serious issue in high density apple
plantations comprising new susceptible cultivars and
dwarfing rootstocks (Ontario, 2016).

The typical symptoms caused by E. amylovora
include blossom, fruit, shoot, perennial branch, limb
and trunk blight (Popovi¢ et al, 2020). The most
specific and common symptom in Serbian conditions is
shoot blight and bending in the form of a “shepherd's
crook” during summer months (Figure 1). A less
common and lesser known symptom caused by this
bacterium is collar and rootstock blight (Van der Zwet
and Beer, 1991; Vanneste, 2000; Johnson, 2000;
Solymar et al, 2002; Ontario, 2009). According to Van

der Zwet and Beer (1991), collar and root infections
lead to rapid death of infected apple trees, causing
major losses in commercial plantations. In Serbia, the
occurrence of such symptoms in young apple trees was
previously reported by Gavrilovi¢ et al. (2008) and
Mlici¢ et al. (2016).

During recent years, apple collar and rootstock
blight symptoms capable of causing rapid decay of the
entire young apple tree in intensive orchards on
rootstock M.9 have frequently been observed in Serbia
(Figure 2). Therefore, the aim of the present study was
to determine and identify the causative agent of rapid
apple tree decay, using conventional and molecular
methods. The results yielded by this study will enable
proper pathogen management in the implementation of
appropriate control measures.

Figure 1. Symptoms of Erwinia amylovora infection on apple. A - Shoot blight (“shepherd's crook”); B — Blossom
blight (photo: T. Popovic)

Figure 2. Erwinia amylovora collar and rootstock blight. A - Complete decay of the rootstock and root; B - Necrosis of
internal tissues; C - Leaves warping and blackening as a consequence of rootstock blight (photo: R. Ili¢i¢)
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2. Materials and methods

2.1. Sample collection and pathogen isolation

With the aim of determining the causative agent of
rapid young apple tree decay, samples exhibiting collar
and rootstock blight symptoms were collected from a
number of leading, attractive and club apple cultivars,
knip or trees with lateral branches (feathers) grafted
on the rootstock M.9 (Table 1). A total of seventeen
localities where the symptoms appeared during the
eight-year survey period (2013-2020) were included
in the analysis (Table 1).

The collected samples were washed under tap
water and dried on filter paper, before being
disinfected with 70% ethanol. After removing the bark,
small segments were taken between the healthy and
the diseased part of the tissue, which was reddish-
brown in color (Figure 2.B). Isolations were performed
simultaneously for plant pathogenic bacteria on
Nutrient Agar supplemented with 5% of sucrose (NSA)
and for plant pathogenic fungi on Potato Dextrose Agar
(PDA). For the isolation of bacteria, the fragments were
first macerated in sterile distilled water (SDW) and
were left for 60 minutes at room temperature before
plating onto the NSA medium. The plates were
incubated at 27°C for 2 days (Lelliott and Stead, 1987).
For the isolation of fungi, small fragments (1-2 mm in
length) were placed on the PDA and were kept at 25°C
for 14 days (Karwa et al, 2012). From plates where
dominant bacterial colonies formed whitish, mucoid
colonies, 2-4 isolates from each locality (Table 1) were
purified by transferring to new plates. Isolates were
maintained as stock cultures, which were stored at -
20°C in Luria Bertani (LB) broth containing 20% (v/v)
glycerol.

For all tests, isolates were grown on NSA at 27°C
for 48 h. The reference strain of E. amylovora NCPPB
683 (The National Collection of Plant Pathogenic
Bacteria, FERA, York, UK) was used in all tests and
reactions for comparison.

2.2. Pathogenicity

The pathogenicity of bacterial isolates was
evaluated on immature fruits of pear cv. Kaluderka,
using the puncturing inoculation method. Fruits were
first washed and dried on sterile filter paper, before
being disinfected with 70% ethanol. Isolates were
suspended in SDW to the final concentration of 108 CFU
mL-1. SDW and the reference strain NCPPB 683 were
used as negative and positive control treatments,
respectively. Inoculated fruits were kept in plastic
boxes with high relative humidity at room temperature
for several days. The development of fruit necrosis and
bacterial exudate was checked on a daily basis.

2.3. Biochemical tests

Bacterial isolates were tested for Gram reaction,
levan production on NSA medium, presence of catalase
and oxidase, production of fluorescent pigment on
King’s B medium, oxidative-fermentative (O/F)
metabolism of glucose, nitrate reduction, gelatin,
starch, and esculin liquefaction (Lelliott and Stead,
1987; Schaad et al., 2001).
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2.4. Molecular identification

Total DNA was extracted from 48 h old pure
culture grown on NSA medium according to the
protocol described by Ross et al. (2000). Polymerase
chain reaction (PCR) was carried out with different
specific primer pairs derived from plasmid pEA29, one
for conventional PCR using primer pair A/B (Bereswill
etal, 1992) and others for nested PCR using two sets of
primers - PEANT1/PEANT2 (Llop et al, 2000) and
AJ75/A]76 (McManus and Jones, 1995).

For the A/B primer pair, PCR amplification was
performed in 25 pL reaction volume, consisting of 12.5
uL of DreamTaq Green PCR Master Mix, 1 pL of
template DNA, 1 pL of each of the primers (10 uM) and
9.5 pL of ultrapure DNase/RNase-free water, following
the protocol involving initial denaturation at 94°C for 2
min, followed by 37 cycles of denaturation at 94°C for 1
min, annealing at 52°C for 2 min, elongation at 72°C for
2 min, and final elongation at 72°C for 10 min.

Nested PCR was carried out in 25 pL reaction
volume, comprising 14 pL of DreamTaq Green PCR
Master Mix (Thermo Fisher Scientific), 1 pL of template
DNA, 1 pL each of primers PEANT1/PEANT2, 0.32 puL
each of primers AJ75/AJ76 and 7.36 pL of ultrapure
DNase/RNase-free water. The reaction conditions were
as follows: initial denaturation step of 94°C for 4 min,
followed by 25 cycles of 94°C for 30 s and 72°C for 1
min. This first round of PCR was followed by the second
reaction in the same thermocycler, in which the initial
denaturation step of 94°C for 4 min was followed by 40
cycles of 94°C for 30 s, 56°C for 30 s, and 72°C for 45 s.

The PCR products were visualized after
electrophoresis on 1.5% agarose gel, stained with
ethidium bromide and photographed under a UV
transilluminator. The length of expected amplicons was
determined by comparison with the DNA molecular
weight markers GeneRuler 100 bp DNA Ladder, ready
to use (Thermo Scientific, Lithuania).

3. Results and discussion

Increasing incidence of a sudden and rapid decay
of young trees has been noticed in almost all apple
production regions in Serbia. These symptoms were
present throughout the growing season, mainly on
young (one- to five-year old) trees. The first symptoms
appeared in the leaves of infected trees, which warped,
darkened, and not fall out. The overall appearance was
akin to that of a dehydrated tree during drought
(Figure 2.C). In the collar root area, the tissue was
reddish-brown in color, while the bark was peeling and
cracking in the rootstock part below the graft union
(Figure 2.B). In the worst cases, necrosis spread from
the collar into roots, completely girdling the rootstock,
due to which tree rot and decay occurred (Figure 2.A).
Upon removal of the diseased bark, reddish-brown
stripes were noted in the internal tissues (Figure 2.B),
and such trees completely dried in the subsequent
weeks. Common symptoms of E. amylovora infection,
such as blossom, shoot, and fruit blight were also
apparent (Figure 1.A and 1.B), but were sporadic and
their extent depended on weather conditions.

After the pathogen isolation, many bacterial
colonies were formed on the NSA medium after 48 h,
most of which were round, cream-whitish, large,
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convex, mucoid and levan positive. For the
identification, 69 bacterial isolates were selected,
comprising 2-4 representatives from each observed
locality (Table 1).

There was no development of pathogenic fungi as
potential causal agents of apple tree decay on the PDA
medium.

Table 1.
Survey of collar and rootstock blight symptoms
District Locality Year of isolation Isolate code
Selenta September 2013 FB13-(1-3)
May 2014 FB14-(1-2)
Celarevo October 2016 FB16-(1-4)
Sirig April 2016 FB16-(5-6)
June 2017 FB17-(1-2)
" September 2017 FB17-(3-5)
South Backa Rimski Sanéevi October 2018 FB18-(1-4)
September 2019 FB19-(1-2)
Kulpin July 2018 FB18-(5-6)
TovariSevo June 2016 FB16-(7-9)
Kréedin May 2015 FB15-(1-2)
Srem Indija April 2018 FB18-(7-8)
Jazak March 2019 FB19-(3-4)
North Backa Subotica June 2015 FB15-(3-4)
June 2016 FB16-(10-12)
May 2017 FB17-(6-7)
June 2018 FB18-(9-10)
Backa Topola May 2016 FB16-(13-15)
Banat Pancevo June 2015 FB15-(5-6)
Jablanica Leskovac April 2015 FB15-(7-9)
Belgrade Mladenovac May 2015 FB15-(10-11)
September 2017 FB17-(8-9)
Sumadija Arandelovac May 2018 FB18-(11-14)
June 2019 FB19-(5-6)
Danube Smederevo June 2015 FB15-(12-13)
April 2016 FB16-(16-17)
May 2017 FB17-(10-12)
Toplica Zitorada April 2020 FB20-(1-2)

The pathogenicity of all 69 selected bacterial
isolates was confirmed on immature pear fruits, which
exhibited necrotic spots with drops of whitish exudates
48-72 h after the inoculation, similar to those caused
by the reference strain E. amylovora NCPPB 683. Fruits
treated with SDW were symptomless.

All isolates were Gram negative, produced levan
and catalase, but not oxidase or fluorescent pigment on
King’s B medium. O/F test indicated that the isolates
utilized glucose aerobically and anaerobically
(facultative anaerobic), hydrolyzed gelatin, but did not
hydrolyze starch or aesculin, and did not reduce
nitrates. The same reactions were obtained when the
reference strain E. amylovora NCPPB 683 was used.

PCR amplification with the specific primer pair
A/B showed positive reaction in all isolates and the
reference strain NCPPB 683 by producing a species-
specific band 900 bp in size, identifying them as E.
amylovora. Using nested-PCR, fragments in size of
391-450 bp were amplified, which also confirmed that
the isolates belong to the bacterium E. amylovora.

The results obtained in this work in the
identification of E. amylovora isolates using classical
and molecular methods concur with those reported by
other authors (Gavrilovi¢, 2010; Gavrilovi¢ et al., 2008;
Radunovi¢, 2018; Popovi¢ et al,, 2020). Based on the
findings pertaining to the morphological and
biochemical characteristics, pathogenicity, and
identification achieved using molecular methods, it was
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concluded that the collar and rootstock blight
symptoms causing young apple tree decay in Serbia
were caused by the bacterium E. amylovora.

Fire blight of pome fruit species caused by E.
amylovora is among the most serious diseases. In
recent years, modern apple plantations have been
established from planting material mostly imported
from Italy, the Netherlands, and Greece. Apple, as the
most important pome fruit species in Serbia, is grown
on 23. 737 ha, and the largest apple orchards are in the
municipalities of Subotica, Smederevo, Grocka, Cadak,
and Arilje, while smaller ones are located in the Srem
region, parts of Sumadija, Southern Banat, and
Southern Backa (Keserovi¢ et al,, 2016).

The presence of E. amylovora on the apple collar
and rootstock in Serbia was previously confirmed by
Gavrilovi¢ et al. (2008) and Ilici¢ et al. (2016).
Appearance of E. amylovora on the collar is caused by
the spreading of bacteria through vegetative
rootstocks. Gavrilovi¢ et al. (2008) stated that root
collar infections are not the most common phase of the
fire blight disease, but they are most destructive
because complete tree decay occurs in the first years
following infection. This assertion is supported by our
results obtained after eight-year-long disease survey.
Increasing humidity in the root collar zone, due to
watering and fertilizing the fruit trees via the drip
irrigation system, provides ideal conditions for the
spreading of bacteria, exacerbating apple tree decay.
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The most important factors for the disease spread are
latent infections of the rootstock, infected blossoms or
young shoots, various types of mechanical damage
caused during operations in the nursery/plantation,
improper apple tree storage, dense planting, and
inadequate application of herbicides in the collar zone
(1lici¢ et al., 2016). According to Van der Zwet and Beer
(1991), collar invasion by E. amylovora occurs through
infected suckers or water sprouts, washed bacteria
from infected twigs and fruit down the trunk, or
internal translocation from the infected above-ground
cultivar scions to the rootstock. The collar root blight
symptoms most often occur when infected rootstocks
are used during grafting, and most rootstocks,
including M.9 and M.26, are highly susceptible to E.
amylovora (Zwet and Beer, 1991; Johnson, 2000;
Gavrilovi¢ et al, 2008). These symptoms are very
similar to those caused by the plant pathogenic fungi
Phytophthora spp., which makes the correct diagnosis
difficult, often resulting in the application of
inappropriate control measures.

In order to take this increasingly frequent
occurrence of E. amylovora on the collar and rootstock
under control, more attention should be paid to the
health status of trees, planting material and rootstocks
used for grafting. Sterilization of pruning tools during
the grafting process in nurseries, using 70% ethanol or
10% hypochlorite solution, is also recommended. In
established plantations, use of herbicides that are
commonly applied for root sucker growth reduction
should be avoided, while also preventing all types of
rootstock damage and eliminating any potential entry
points for fire blight. In apple orchards and plantations
where the appearance of E. amylovora on the collar
root and rootstock has been confirmed, the elimination
of the infection source is the only effective control
method, as uprooting and burning the infected trees
would reduce the infectious potential.

4. Conclusions

During the eight-year survey (2013-2020) of collar
and rootstock blight symptoms on young apple trees in
nine growing districts in Serbia, the bacterium E.
amylovora was detected and confirmed to be the causal
agent of the disease. This lesser known symptom of the
disease occurs more frequently and leads to the rapid
decay of young apple trees; therefore, the use of
pathogen-free planting material is the main strategy in
disease control management.
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