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Abstract In some apricot growing areas in Europe,
Asia and Africa, 'Ca. Phytoplasma prunorum'’ - the agent of
European Stone Fruit Yellows (ESFY) - can cause
significant economic losses in the stone fruit orchards. In
the present study, 'Ca. Phytoplasma prunorum' infection of
three apricot cultivars was evaluated by molecular methods
in Hungary. We found the pathogen to be prevalent in the
studied orchard (54%). We investigated the sensitivity of
the apricot cultivars to ESFY. Trees were classified into
disease categories based on the symptoms, and the number
of dead trees was counted separately. From these data, the
disease severity index and tree destruction index were
calculated, and statistical comparisons of disease incidence
were performed. Damage to ESFY can be reduced by using
less susceptible cultivars because chemical plant protection
is only effective against the vectors. The presence and
infection of phytoplasma were mostly tolerated by the
cultivar 'Zebra'. The 'Flavorcot' cultivar was moderately
affected by ESFY, but the 'Sweetcot' cultivar was very
susceptible. 'Ca. Phytoplasma prunorum' causes significant
tree mortality; 44% of the trees molecularly confirmed to
be infected had died by the end of the study. 'Zebra' had the
lowest tree mortality (15%), while 'Sweetcot' had the
highest (65.8%). Examination of the grafts planted as

replacements showed that 3.3% of the plants were infected.
The spread of diseased material can represent new sources
of infection in orchards.

Keywords Prunus armeniaca L., ESFY, Apoplexy,
Dieback, Propagation Material, Nested-PCR

1. Introduction

‘Candidatus Phytoplasma prunorum' (‘Ca. Phytoplasma
prunorum’) infects stone fruits, causing European stone
fruit yellows (ESFY) [1,2]. ESFY is present in many
European countries, and in some Asian and African
countries [3-7]. In Hungary, the presence of this pathogen
was established in the 1990s [8]. The disease is one of the
main factors limiting apricot production [2]. International
monitoring data indicate that the infection of apricot trees
with phytoplasma can be very high in some areas, up to
83% [9-12].

'Ca. Phytoplasma prunorum' is a prokaryotic, phloem-
limited, pleomorphic, Gram-positive bacterium [2,13,14].
The characteristic symptoms of phytoplasma-infected trees
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are chlorotic leaf roll and early defoliation [15-18]. Leaves
may be wilted and fragile in texture [15-17,19,20].
Phytoplasma infection is accompanied by phloem necrosis;
however, it is important to emphasize that gummosis does
not manifest [15,19,20]. Infected trees appear unhealthy
and their vigor and vitality are reduced. Branches showing
visible symptoms rarely survive for more than a year,
whereas attacked trees usually die within 2-4 years
[15,17,20]. Some reports indicate that ‘Ca. Phytoplasma
prunorum' can cause up to 30-40% mortality of apricot
trees [16,19], but interestingly, some apricot trees can
recover from symptoms but not from infection by the
pathogen. Subsequently, they became tolerant to the ESFY
pathogen [21,22].

Phytoplasmas are primarily transmitted by vectors and
propagating materials. The principal insect vector of this
pathogen is Cacopsylla pruni [23]. 'Ca. Phytoplasma
prunorum' can be transmitted via vegetative propagation
[24-27], which plays a role in the rapid spread of this
pathogen [28].

In the detection of phytoplasmas, it should be noted that
they may be present in low concentrations in plants and
their distribution is neither constant nor homogeneous
[29,30]; thus, ELISA-based methods are not reliable [31].
Several variants of polymerase chain reaction (PCR) (e.g.,
nested PCR, gPCR) are commonly used to detect
phytoplasmas [32]. Both universal and species-specific
primers are available for rapid detection and screening [33-
36].

Protection of orchards against 'Ca. Phytoplasma
prunorum' is an extremely complex and difficult task, as
the authorized pesticides are not effective against the
pathogen directly [2,37,38], but the insect vectors can be
controlled chemically [39,40]. Furthermore, healthy
propagation material plays an important role in
phytoplasma disease prevention [2,41]. The best way to
prevent ESFY is to grow resistant cultivars; therefore,
knowledge of susceptibility is of paramount importance
[2,38].

Previous studies have investigated the different
susceptibilities of apricot cultivars to ESFY phytoplasma

based on visual and/or molecular diagnosis [9,16,38,42,43].

Susceptible cultivars were as follows: 'Bergeron' and
'Veselka', while 'Poyer' and 'Churmai' were tolerant
[16,42,44,45]. For some cultivars, the results were
inconsistent even within a single study: 'Pinkcot' and
'‘Aurora’ showed low pathogen prevalence in some plots,
while in other plots, they were rather highly affected [16].

The objectives of this study were to: i) assess the
presence of 'Ca. Phytoplasma prunorum' in commercial
apricot orchards; ii) to investigate the effect of apricot
cultivars on the damage caused by ESFY under natural

infection; and iii) to test the presence of the pathogen.

2. Materials and Methods

2.1. Characteristics of the Orchard

In this study, we examined the presence of ESFY in a
commercial apricot orchard at Ed (Hungary,
47<33'89.53"N, 18<86'88.36"E). The disease severity and
tree mortality were investigated on three cultivars:
'Flavorcot', 'Sweetcot', and 'Zebra'. The tested trees were on
‘Myrabolan' rootstock. The orchard was established in 2004
in an open-vase training system, without an irrigation
system. The distance between rows and plants was 6-7 m
and 4 m, respectively. Conventional plant protection
methods (such as pesticide application) have also been
applied. Note that manual fruit thinning was performed
annually.

2.2. Presence and Evaluation the of Symptoms in the
Orchard

In 2014, 120-120 approximately 7-10 years old living
trees (with 22 =3 cm trunk diameter) were randomly
selected and marked for comparative analysis in the
following years (from 2014 to 2017). The most
characteristic symptoms caused by phytoplasma were
monitored and evaluated in October each year, when they
are most noticeable: malformation of foliage (discoloration,
foliage quantity, leaf size and shape, leaf roll);
malformation of woody parts (decay of twigs, branches,
scaffold limbs, dieback of the whole tree); and growth
abnormalities of the tree (shoot formation, intensity of
shoot growth, vitality). The trees were ranked on a six-point
grading scale according to symptom severity; the ranges
were based on our previous study with modifications
(Table 1) [46].

We calculated the disease severity index (DSI) from
grading scale categories (Table 1) by the Townsend-
Heuberger formula: P =X(nxv)/(ZXxN)x 100 |,
where: P: disease severity index, n: number of plants in
specific disease categories, v: disease categories, Z: highest
disease category, N: all assessed plants [47].

Sample sizes in nonzero category groups were very low,
when compared to category zero, therefore we binarised the
six categories and created a non-diseased (ND; value: ,,0”)
and a diseased (D; value: ,> 1”) group for calculating
disease incidence. These ND and D groups were examined
by Chi-square tests followed by Z-test related to the
adjusted standardized residuals, using IBM SPSS v25
software [48].
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Table 1.

Scales used for the assessment of disease severity [46, with modifications]

Grading scale

Grade description

category
0 Tree with no symptoms
1 Frequency and severity of symptoms: 1-10%

(slight leaf discoloration / leaf roll /decreasing leaf development / decreased shoot development)

10-30 % affectedness of the tree
2 (moderate leaf discoloration / leaf roll /decreasing leaf development / decreased shoot development / decreased tree
vitality / branch decay)

30-50 % affectedness of the tree
3 (high leaf discoloration / leaf roll /decreasing leaf development / decreased shoot development / decreased tree
vitality / branch decay, but maximum 1 scaffold limb decay)

50-75 % affectedness of the tree
4 (high leaf discoloration / leaf roll /decreasing leaf development / decreased shoot development / decreased tree
vitality / branch decay, but maximum 2 scaffold limb decay)

75-100 % affectedness of the tree
5 (high leaf discoloration / leaf roll /decreasing leaf development / decreased shoot development / decreased tree
vitality / at least 3 scaffold limb decay or total dieback)

The evolution of tree mortality was assessed from 2015
to 2017. We considered 2014 as the baseline year as no
prior data for tree mortality was available. The number of
dead trees in the orchard was also assessed in each cultivar
and compared with the number of living trees in the
previous year, resulting in a percentage (tree mortality
index, TMI). The values were tested by Marascuilo’s
procedure [49].

2.3. Testing the Presence of 'Ca. Phytoplasma
Prunorum' in Apricot Grafts

Due to the death of apricot trees, the orchards require
constant renewal, so pathogen-free propagating material is
of paramount importance. Therefore in 151 cases, we tested
the presence of 'Ca. Phytoplasma prunorum' in grafts
before planting in 9 cultivars of apricots (namely:
'‘Bergerouge’, 'Bergeval’, 'Flavorcot', 'G&nci magyar kajszi',
'Harcot', 'Sweetcot', 'Zebra', 'Kioto', 'Pinkcot’). The scions
were grafted on 'Myrabolan’, ‘Myrabolan 29C', 'St. Julien
A' and 'Wavit' rootstocks.

2.4. Molecular Identification of 'Ca. Phytoplasma
Prunorum'

2.4.1. Sampling from the Orchards

In order to establish the presence of ESFY, 50 randomly
selected trees (25 asymptomatic and 25 symptomatic) were
sampled in October 2014 in each cultivar from the orchard.
One to two years old woody parts were sampled for PCR
from the scion samples [33].

2.4.2. Sampling from Grafts
We examined 1-year old grafts before replacement of

die-backed trees: 151-151 samples were collected for the
PCR analyses both from the scions and rootstocks in
October 2016. Approximately 10 cm of roots were
collected from the rootstocks, and 10 cm of shoot apexes
were sampled from scions for DNA isolation.

2.4.3. DNA Isolation and Nested PCR

The surface of the woody parts and roots was disinfected
with 70% ethanol, soaked in sodium hypochlorite (NaClO)
for 15 minutes, and finally washed 3 times in sterile
distilled water. The bark was removed manually.

The deoxyribonucleic acid (DNA) extraction was
performed from the 0.5 g vascular tissues, and was carried
out according to the protocol described by Daire et al. [50]
with some modifications. We added 4 ml extraction buffer
per sample, homogenized the plant tissues and incubated
for 50 min at 65 <C. During the incubation, the
homogenized tissues were vortexed every 10 minutes to
enhance extraction. Extracted DNA was resuspended in 30
p 1< TE (10 mM TRIS (2-Amino-2-(hydroxymethyl)
propane-1,3-diol) pH 7.6; 1 mM EDTA (2,2',2",2"-
(Ethane-1,2-diyldinitrilo) tetraacetic acid disodium salt
(pH 8)) buffer. The DNA concentration and the quality of
the samples were checked with a NanoDrop2000
spectrophotometer (Thermo Fisher Scientific Baltics UAB,
Vilnius, Lithuania) and stored at -20 <C until further
processing.

All samples were tested by nested-PCR for 'Ca.
Phytoplasma prunorum'. In the first round of amplification,
universal  primer pair of Eof (forward 5'-
CCAACTTTAATAATAGCAATAGGAA-3) and Eor
(reverse  5-TGATTTATGTTTTCAACTTTTCCA-3')
were used [33]. The second round of amplification was
carried out with 1.5 il of the PCR mixture from the first
round, using as template and specific primer pair of ACE1
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(forward 5-AATAATCAAGAACAAGAAGT-3) and
ACE2 (reverse 5-GTTTATAAAAATTAATGACTC-3)
[18]. The PCR mixture contained: 1.5 4 DNA template,
0.5 M both forward and reverse primers (10 M), 12.5 A
Dream Tag Green PCR Master Mix 2x buffer (Thermo
Fisher Scientific Baltics UAB, Vilnius, Lithuania) and 10
M sterilised distilled water.

Both PCRs had an initial denaturation at 95 <C for 5 min
and a final elongation at 72 <C for 10 min. In the first PCR,
35 cycles were run as follows: denaturation at 95 <C for 60
sec, annealing at 55 <C for 60 sec, and elongation at 72 <C
for 60 sec. The second PCR program had 30 cycles:
denaturation at 95 <C for 30 sec, annealing at 55 <C for 30
sec and elongation at 72 <C for 45 sec. The length of the
expected PCR product was 237 bp.

(E)

Figure 1. Symptoms of ESYF field surveys: (A) chlorotic leaf roll, (B) wilting of leaves, (C) premature leaf fall, (D) reduced shoot growth, (E) decay
of woody parts (partial dieback), (F) complete dieback, (G) phloem necrosis

(D)

3. Results

3.1. The Study of Symptom Types and Cultivar
Susceptibility in the Apricot Orchard

As the characteristic symptoms of ESFY, we observed
fragile textured leaves, rolling of chlorotic leaves (Figure
1A), wilting leaves (Figure 1B) and early leaf-fall (Figure
1C) on some branches or on the entire tree. Infected
scaffold limbs or trees showed reduced vigour:
development of short, weak shoots, or complete lack of
shoot formation (Figure 1D). More severe cases resulted in
the death of twigs, branches, scaffold limbs or the entire
trees (Figure 1E-F). We also observed the phloem of
highly symptomatic trees that were often necrotic (Figure
1G).
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3.2. Evaluation of Presence of the Pathogen in Apricot
Cultivars (2014-2017)

For 2014, the results showed significant differences in
the appearance of the disease among cultivars (3*(2)= 61.29;
p<0.001). By assessing the standardized modified residuals,
we found that cultivar 'Sweetcot' showed significantly
higher relative frequency of disease, than 'Zebra' (Z-test,
p<0.05). Cultivar 'Sweetcot' had a relatively high disease
severity index (25.8%), while those of 'Flavorcot' was
moderate (10.2%) and 'Zebra' was low (Table 2). Tree
mortality was not examined because 2014 was the baseline
year.

In 2015, we found highly significant differences in
disease appearance (y*(2)=87.84; p<0.001) based on Chi-
square test. The assessment of standardized modified errors
showed a significant difference between 'Zebra' and
'Sweetcot' (Z-test, p<0.05). Cultivar 'Sweetcot' had the
highest (54.3%) disease severity index, while 'Zebra'
showed the lowest (10.2 %). 'Sweetcot' had significantly
higher (30%) tree mortality than the other two cultivars
(Table 3; Marascuilo's procedure, p<0.05).

Table 2. Comparison of disease appearance based on observed and
expected appearances with the values of disease severity index (DSI) in
2014

Comparison of disease appearance! DSI
Cultivar o
Type of data ND D R (%)
Observed 94 26
"Flavorcot’ count 0 | 102
Expected 923 | 27.7
Observted 66 54
'Sweetcot' coun + | 258
Expected 923 | 27.7
Observed 117 3
"Zebra' count - 0.7
Expected 92.3 21.7

"ND" = non-diseased trees, "D" = diseased trees, "R" = results of
disease incidence comparison of the cultivars: "0" = No significant
difference between the expected and observed count values of non-
diseased (ND) trees and diseased (D); "+" = observed count value of
diseased trees (D) is significantly higher than the expected value; "-" =
observed count value of diseased trees (D) significantly lower than the
expected value (Z test, p<0.05).

Table 3. Comparison of disease appearance based on observed and expected appearances and tree mortality, with the values of disease severity index

(DSI) and tree mortality index (TMI) in 2015

) Comparison of disease appearance! DSI ™I Comparison of tree
Cultivar o o2 -y
Type of data ND D R (%0) (%0) mortality
Observed count 64 56
'Flavorcot’ 0 315 16.7 A
Expected 66.7 53.3
Observed count 32 88
'Sweetcot’ + 54.3 30.0 B
Expected 66.7 53.3
Observed count 104 16
'Zebra' - 10.2 10.0 A
Expected 66.7 53.3

"ND" = non-diseased trees, "D" = diseased trees, "R" = results of disease incidence comparison of the cultivars: "0" = No significant difference
between the expected and observed count values of non-diseased (ND) trees and diseased (D); "+" = observed count value of diseased trees (D)
is significantly higher than the expected value; "-" = observed count value of diseased trees (D) significantly lower than the expected value (Z

test, p<0.05).

2Different letters denote significantly different groups (Marascuilo's procedure, p<0.05) in 2015.

Table 4. Comparison of disease appearance based on observed and expected appearances and tree mortality, with the values of disease severity index

(DSI) and tree mortality index (TMI) in 2016

Comparison of disease appearance! i
Cultivar DSI (%) | TMI ()2 | Comparison of tree
Type of data ND D R mortality
Observed count 52 48
'Flavorcot' 0 25.0 10.0 B
Expected 55.3 44.7
Observed count 19 65
‘Sweetcot’ + 57.9 23.8 C
Expected 46.4 37.6
Observed count 92 19
'Zebra' - 4.7 0.9 A
Expected 61.3 49.7

ND" = non-diseased trees, "D" = diseased trees, "R" = results of disease incidence comparison of the cultivars: "0" = No significant difference
between the expected and observed count values of non-diseased (ND) trees and diseased (D); "+" = observed count value of diseased trees (D)
is significantly higher than the expected value; "-" = observed count value of diseased trees (D) significantly lower than the expected value (Z

test, p<0.05).

2Different letters denote significantly different groups (Marascuilo's procedure, p<0.05) in 2016.
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For 2016, we revealed highly significant differences in
disease appearance (¥*(2)=70.89; p<0.001). There was a
significant difference between cultivars 'Zebra' and
'‘Sweetcot' (Z-test, p<0.05). 'Sweetcot ' had a high disease
severity index (57.9%), while that of 'Flavorcot' was
medium (25.0%) and 'Zebra' remained still low (4.7%).
Tree mortality of 'Zebra ' was significantly lower than those
of 'Flavorcot' and 'Sweetcot' by Marascuilo's procedure.
Furthermore, there was also a difference between the other
two cultivars, 'Sweetcot' had significantly higher tree
mortality than 'Flavorcot' (Table 4; p<0.05).

In 2017 we found differences in the appearance of the
disease among the tested cultivars (y3(2)=47.72; p<0.05):
'Zebra' and 'Sweetcot' showed significant differences (Z-
test, p<0.05). This year 'Sweetcot' showed the highest
disease severity index (60.6%) in our study. Cultivar
'Flavorcot' and 'Zebra' had medium (30%) and low (14%)
disease severity indexes, respectively. Thus 'Sweetcot'
mortality index (35.9%) was significantly higher than those
of 'Flavorcot' and 'Zebra' (Table 5; Marascuilo's procedure,
p<0.05).

Table 5. Comparison of disease appearance based on observed and expected appearances and tree mortality, with the values of disease severity index

(DSI) and tree mortality index (TMI) in 2017

) Comparison of disease appearance! DSI ™I Comparison of tree
Cultivar o 0\ s
Type of data ND D R (%) (%0) mortality
Observed count 44 46
'Flavorcot' 0 30.0 13.3 A
Expected 45.2 448
Observed count 11 54
‘Sweetcot’ + 60.6 35.9 B
Expected 32.6 324
Observed count 78 32
‘Zebra' - 14.0 4.7 A
Expected 55.2 54.8

"ND" = non-diseased trees, "D" = diseased trees, "R" = results of disease incidence comparison of the cultivars: "0" = No significant difference
between the expected and observed count values of non-diseased (ND) trees and diseased (D); "+" = observed count value of diseased trees (D)
is significantly higher than the expected value; "-" = observed count value of diseased trees (D) significantly lower than the expected value (Z

test, p<0.05).

Different letters denote significantly different groups (Marascuilo’s procedure, p<0.05) in 2017.

3.3. Molecular Detection of 'Ca. Phytoplasma Prunorum’

3.3.1. Verification from the Orchard

In nested PCR the universal and specific primer sets yielded an approx. 240 base-pair long target sequence (Figure 2).
The presence of 'Ca. Phytoplasma prunorum' was identified by molecular techniques in 54% of the trees tested. Infection
was confirmed in 92% of the symptomatic trees and 16% of the asymptomatic trees (Table 6). In two cases, phytoplasma
was not detected in symptomatic trees. Among the asymptomatic trees, four were identified as infected, of which three
remained asymptomatic until the end of the study. During the survey, 44% of the infected trees died.

9_10 1 12 13 ‘14 15 16 17

Figure 2. The results of 'Ca. Phytoplasma prunorum' infection tests on apricot trees of orchard (P: Positive control; N: Negative control; 1-17:
examined samples) displayed on agarose gel (1.0%). M: 100 / 1000 bp DNA ladder (Thermo Fisher Scientific Baltics UAB, Vilnius, Lithuania)



Universal Journal of Plant Science 11(1): 1-10, 2024 7

Table 6. Detection of phytoplasma from the 50 tested trees

Health status of trees Infected trees Non-Infected trees

Symptomatic (n=25) 23 2

Asymptomatic (n=25) 4 21

3.3.2. Verification from Apricot Grafts

Despite the fact that the one-year-old plants did not show
any abnormalities at the time of the evaluation, the
molecular screening of grafts revealed that 2% of the scion
and 2% of the rootstock were infected by 'Ca. Phytoplasma
prunorum'. We identified phytoplasma in 2 cases only from
the rootstock of 'Myrabolan' cultivar and in 2 cases only
from the scion (cv. 'G&nci magyar kajszi', 'Bergerouge’).
Phytoplasma was detectable from both rootstock and scion
only one case (cv. 'Harcot'-'Myrabolan’).

4. Discussion

The emergence of 'Ca. Phytoplasma prunorum' can
cause significant economic losses in apricot orchards [2].
In our study, we found that more than half (54%) of the
examined trees were infected with phytoplasma. In
previous studies similar results (44,9%-56%) have been
obtained [10,16,51,52], but also lower (10,5%-24%) [53-
55] and higher (67%-83%) [11,18,36] rates have been
identified. Based on these results, a medium level of the
pathogen was present in the tested plantation. By the end
of the study, 44% of the infected trees had died, suggesting
that this pathogen was also responsible for tree mortality
[16,20,21,38]. However, the pathogen was not detected in
8% of the symptomatic trees. There are several possible
explanations for this observation. The level of phytoplasma
in plants may be low and its distribution is not
homogeneous [29,30]; therefore, it is possible that the
amount of the pathogen in the internal tissues was below
the detection level. Another reason may be that in some
samples, high levels of enzyme-inhibiting plant polyphenol
and polysaccharide compounds can inhibit PCR [32,56].

We noticed that 16% of the infected trees were
asymptomatic, which was a known phenomenon in
previous studies [12,16,51,57]. Interestingly, in all three
cases, the trees remained asymptomatic until the end of the
experiment. Some studies have reported that certain plants
can recover from symptoms and later become tolerant to
the pathogen [21,22,58]. However, to confirm this
phenomenon, the trees mentioned above should be further
investigated.

While testing the cultivar susceptibility to the 'Ca.
Phytoplasma prunorum’, we monitored symptoms that have
been described in previous studies, such as: chlorotic leaf
roll and early defoliation of yellowing of leaves [15-20,59].
However, the severity of symptoms varied among the
tested cultivars, suggesting that the cultivars were affected
differently by the phytoplasma, which is in accordance with

previous studies [42,43,45,60]. The cultivar 'Zebra' was the
least affected of the three tested cultivars, both regarding
disease appearance and disease severity index. The latter
was only 0,7% per year. Moreover, 'Zebra' has generally
been observed to have a low tree mortality index. It would
be important to further investigate this remarkably resistant
cultivar in the context of the 'Ca. Phytoplasma prunorum'.
'Zebra' may play an important role as a genetic resource for
breeding new ESFY-tolerant cultivars. The results suggest
that 'Flavorcot' is moderately susceptible to ESFY, and
therefore tree mortality should be expected even with
preventive control. The highest disease incidences were
found in 'Sweetcot' and the severity of symptoms was also
the highest, reaching 60.6% in one year. In addition, high
levels of mortality were generally observed in 'Sweetcot'
during study years. In total, 65.8% of the trees assessed
died, which is much higher than the average tree mortality
(30-40%) [16,19]. Planting of 'Sweetcot' in areas infested
with phytoplasma can result in high economic losses. Note
that at the end of the study, 'Sweetcot' was removed from
the surveyed orchard. Our results show that selecting the
appropriate cultivars can reduce the damage of ESFY.
Furthermore, the disease severity index can be used to
assess cultivar susceptibility and allows comparison of the
cultivar tested with other cultivars.

In the case of apricot, dieback is one of the most
important plant protection problems that can be caused by
the phytoplasma as well [15-17,19,20]. Growers usually
replace dead trees with new ones, therefore testing the
planting material for phytoplasma is of crucial importance.
We verified the presence of 'Ca. Phytoplasma prunorum’in
propagation material (scions and/or rootstocks), in contrast
to a previous study [61], where phytoplasmas were not
detected in asymptomatic apricots (including grafts). This
indicates that these grafts could be a new source of
infection, and may introduce the phytoplasma into the
orchards.

Although we focused our study on the phytoplasma only,
it is important to note that other pathogens can also cause
apoplexy (e.g. Cytospora sp., Pseudomonas syringae)
[62,63]. In Hungary, there are fewer data available on the
importance and prevalence of phytoplasma than for other
pathogens mentioned above. To obtain a complete
overview of the role of the species in apoplexy, these
pathogens need to be investigated in a complex way in the
future.

5. Conclusions

'Ca. phytoplasma prunorum' caused significant damage
in the surveyed apricot orchard and also in other stone fruit
plantations. The protection of orchards is difficult, because
pesticides are effective only against the vector. In the
absence of curative chemical treatments, the tolerance or
low susceptibility of cultivars is a key control factor. Our
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results indicate that 'Zebra’ cultivar can be grown with low
risk. Our study highlights that grafted plants used to replace
dead trees may be potential sources of infection. Thus, the
production and planting of healthy propagating material are
cardinal for the subsequent health of the plantation.
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