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Pollination and fruit set of the Protected Designation of
Origin apple cv. ‘Delicious Pilafa Tripoleos’ depends on insect
pollinators

M. Barda'?*, F. Karamaouna?, Th. Stathakis?, D. Perdikis'

Summary Insect dependency of apple crop for pollination vary in different cultivars. The cv. ‘Deli-
cious Pilafa Tripoleos', is a Protected Designation of Origin apple of Greece, which lacks information
on self-compatibility and needs for insect pollination for commercial fruit production. Here, the ef-
fect of wind, free (wind and insects), honeybee, free with at least one visit from a bumblebee and hand
pollination was examined on fruit set and fruit characteristics. Also, the effect of flowering patches as
a practice to attract pollinators in the apple orchards, on fruit quality characteristics was studied. A
pollinizer apple variety and insect pollinators are necessary for successful pollination of ‘Delicious Pi-
lafa Tripoleos’ since hand pollination with pollen of the same cv., and wind pollination resulted in very
low fruit set. Single flower visits by honeybees could give fruit set, however, free pollination with at
least one visit of B. terrestris resulted in higher fruit set compared to the other pollination treatments.
Free pollination resulted in more fruits with higher number of seeds than wind pollination (only one
fruit obtained). Apples produced from flowers adjacent to the flowering mixture patches had signifi-
cantly higher skin firmness and lower total soluble solids at harvest (both desirable traits for ‘Delicious

Pilafa Tripoleos’), compared to fruits from trees in naturally occurring groundcover.
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Introduction

Apple (Malus domestica Borkh., Rosaceae)
is one of the most economically important
fruit crops globally (FAO, 2022). Apple crop
is highly dependent on insects for its polli-
nation as the majority of apple cultivars are
self-incompatible and insect pollinators act
as vectors for pollen movement among cul-
tivars (Jahed and Hirst, 2017; Nunes-Silva et
al., 2020). Therefore, enhancing pollinator
management in apple crop may result in
large financial benefits (Garratt et al., 2014).
However, when discussing the economic
benefits and management of pollinators in
apple orchards, a basic concern is how pol-
linator dependency and potential yield de-
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ficiencies vary throughout different apple
cultivars (Garratt et al., 2016).

In a recent global study in 177 commer-
cial apple orchards across 33 countries, hon-
ey bees were the dominant pollinator across
all biogeographical zones, while other man-
aged and wild bee species (644 bee species/
morphospecies collected) were recorded in
lower numbers (Leclercq et al., 2023). Apple
growers utilize honey bees, Bombus spp.,
Osmia spp., and other bee species to ensure
adequate levels of pollination and hence ap-
ple yields (Osterman et al., 2021). Especially,
bumblebees are considered excellent polli-
nators by farmers due to their ability to for-
age in low temperatures, common during
apple’s spring bloom (Brittain, 1935). In ad-
dition, conservation practices such as pro-
viding floral resources have been used to
attract bees aiming to promote ecosystem
stability and enhance food security in in-
sect pollination dependent crops like apples
(Park et al., 2012; Campbell et al., 2013).

Insect pollination is known to increase
cross-pollination between cultivars and thus
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improve fruit set and yields of apples (Leon-
hardt et al., 2013), which are self-incompati-
ble to some extent depending on the cultivar
(McGregor, 1976). However, the influence of
insect pollination on apple fruit quality char-
acteristics is not clear yet (Samnegard et al.,
2019). For example, no significant differences
were observed between wind-pollination,
wind + bee-pollination and hand-pollina-
tion treatments in fruit firmness, soluble sol-
ids content, titratable acidity, dry matter and
starch content, while fruit weight increased
moving from the first to the third abovemen-
tioned treatment (Vizzotto et al., 2018). More-
over, insect pollination has been reported to
improve apple fruit weight, length, diameter
(Hanicken et al., 2020). Also, better fruit qual-
ity (greater fruit symmetry) was recorded in
apples produced in trees close to Osmia lig-
naria Say nests (Sheffield, 2014).

When valuing ecosystem services such
as pollination to agricultural production, it is
always important to consider the apple vari-
ety (Garratt et al., 2014). The apple ‘Delicious
Pilafa Tripoleos’, is a Protected Designation
of Origin (PDO) cultivar which is produced
in altitude higher than 600 m, mainly at the
Tegea plateau, in the Prefecture of Arcadia
Peloponnese, Greece (European Union 1997,
Kizos and Vakoufaris, 2011). ‘Delicious Pila-
fa Tripoleos’ apples were recognized as PDO
by the Greek Ministry of Agriculture in 1962
(225700/13362) (peliti.gr), but they were cul-
tivated for the first time in Greece in 1920
as a sporophyte (Davidis, 1981). Their irreg-
ular shape, rough texture of their skin and
short life of storage do not give the best
first impression to the consumers, but they
have excellent organoleptic characteristics
for which are famous to apple connoisseurs
(Mitropoulos and Lambrinos, 2005; Mitro-
poulos and Lambrinos, 2007; Thanopoulos
et al., 2021). ‘Delicious Pilafa Tripoleos’ flow-
ering period is very short, usually less than
two weeks from mid to late April (Barda et
al., 2023). Moreover, the weather in April is
usually unstable in Tegea plateau, resulting
in frost problems and limited fruit setting
(Hatziiremia, 2021). Honey bees and wild
bees, i.e., Andrena, Anthohora, Bombus (e.g.,

B. terrestris, B. argilaceus), Xylocopa, Lasio-
glossum (e.g., L. marginatum), Megachilidae
have been recorded on flowers of ‘Delicious
Pilafa Tripoleos’ (Barda et al., 2023). There-
fore, the study of ‘Delicious Pilafa Tripoleos’
pollination aiming to enhance pollination
services and possibly improve fruit market-
able characteristics is of great interest for
promoting and preserving this local cv. In
addition, there is no previous relevant study
for the cv. ‘Delicious Pilafa Tripoleos’, which
makes this study novel.

The aim of this study is to evaluate the
effect of a) free pollination with contribu-
tion of insects and wind pollination on ‘De-
licious Pilafa Tripoleos’ fruit set and fruit
quality characteristics; b) different pollina-
tor taxa (honey bees and bumblebees) to
fruit set, and c) groundcover management
practices (patches of flowering plants estab-
lished to attract pollinators vs naturally oc-
curring groundcover in the apple orchard)
to fruit quality characteristics.

Materials and Methods

To study the effect of different pollination
treatments and groundcover on ‘Delicious
Pilafa Tripoleos’ fruit set and fruit quality,
three field experiments were conducted
during the years 2020, 2021, 2022.

Effect of free pollination (insects and
wind) vs wind pollination on fruit set
and fruit characteristics of the cv. ‘Deli-
cious Pilafa Tripoleos’

The study took place in an IPM apple
orchard (palmette, 0.45 ha) located in Te-
gea plateau, Arcadia, Peloponnese, Greece
(374415, 22.40492) in year 2020. To minimize
variability effects due to different tree vigor,
site and other factors that could affect polli-
nation and fruit setting, the treatments were
set in pairs on branches of the same tree. In
particular, two branches of the same length,
approximately Tm, on the same apple tree
were selected at pink bud stage, one was
marked as “free pollinated” and the second
was closed in an insect-proof net (1.20m x
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0.50m, 16/10) which allows pollen entry, and
marked as “wind pollinated” (Figure 1a). Af-
ter the end of flowering, the net was not re-
moved from the “wind pollinated” branches
aiming to protect them. For the same reason
a net was also placed on the “free pollinat-
ed” branches. A total of 8 paired replicates
per treatment were set. During flowering no
plant protection products were applied.

To evaluate the effect on fruit setting,
the following measurements were conduct-
ed in the field a) the number of buds on
each selected branch at the pink bud stage
(BBCH 57) (Meier et al., 2009), b) the number
of fruits two weeks after petal fall (BBCH 71),
¢) ‘initial fruit set’ as the proportion of fruits
on BBCH 71 to flowers on BBCH 57, d) the
number of fruits after natural fruit drop and
fruit thinning by hand, e) fruits on harvest
(BBCH 87), f) ‘final fruit set’ as the propor-
tion of fruits on BBCH 87 to flowers on BBCH
57. Apple fruits produced by free pollina-
tion, wind pollination and randomly select-
ed apples from free pollination without net
after petal fall (as a control), were harvested
to study the effect of pollination treatment
on fruit quality characteristics. ‘Initial fruit
set’ is considered the best indicator of pol-
lination success, as measurements are taken
before any fruit loss due to diseases, pests,
or natural abscission by the tree (Klein et al.,
2012). The ‘final fruit set’, was also recorded
in autumn as an important pollination suc-
cess indicator for orchard managers (Camp-
bell et al., 2017b).

The fruit quality characteristics examined
in the laboratory were: a) fruit weight (g), b)
maximum fruit length (mm), ¢) minimum
fruit length (mm), d) maximum fruit width
(mm), ) minimum fruit width (mm), f) seeds/
fruit, g) seeds’ weight/fruit (g), d) total solu-
ble solids - TSS (°Bx) (Figure 1e). Fruit width
and length were measured using a digital
caliper (Figure 1f) and TSS using a hand re-
fractometer calibrated with distilled water.

Effect of pollination by different taxa of
pollinators on the cv. ‘Delicious Pilafa
Tripoleos’ fruit set

The study was carried out in an organ-
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ic apple orchard (palmette, 0.25 ha) locat-
ed in Tegea plateau, Arcadia, Peloponnese,
Greece (3743705, 22.46942) in year 2022.
Two bumblebee hives (Bioinsecta Bombox
Fruit) of the species Bombus terrestris L. (Ap-
idae) were established in the orchard, as an
adopted practice by the farmers, to ensure
visits of B. terrestris on the apple flowers. Vis-
its of Apis mellifera L. (Apidae) on apple flow-
ers were already guarantied as beekeepers
transfer their hives in Tegea plateau during
apple flowering. The bumblebee hives were
placed in the field on 13 April 2022 to accli-
matize. The apple blossom started on 25
April 2022. Insect net cages (1.20m x 0.50m,
16/10) were placed in apple inflorescences
(corymb) at the pink bud stage (BBCH 57),
on 19 April 2022. Regarding plant protection
applications, these included one application
of a copper product before apple flowering,
and one application of a Beauveria bassiana
product after the end of flowering.

Apple inflorescences were caged (30 cm
x 20cm, density type: 16/10) at the pink bud
stage to be able to handle the following a, b
and d treatments. The following treatments
were implemented: a) wind pollination, us-
ing an insect-proof net (30 cm x 20cm, 16/10)
which allows pollen but not insects entry, b)
a single visit by A. mellifera. Inflorescences
caged at the pink bud stage, were released
on full bloom under supervision for obser-
vation of a single honey bee visit. The flower
visited by a honey bee was caged again indi-
vidually after destroying the rest of the flow-
ers of the inflorescence, ¢) at least one visit
by B. terrestris. Flowers that were free to pol-
lination by wind and insects and received
(recorded by observation) at least one vis-
it by B. terrestris. Upon the bumblebee visit,
one flower was kept in each cage (destruc-
tion of the flowers of the inflorescence not
visited by the bumblebee), d) Hand pollina-
tion, was performed using a flower from a
neighboring tree of the same variety (also
a way to check whether self-incompatible
or compatible), by tapering its anthers on
the stigma of the examined flower, destruc-
tion of the rest of the rosette’s flowers, then
close the flower in an insect-proof cage (Fig-
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ure 1b, 1¢c, 1d)

The measurements recorded were: a) du-
ration of each pollinator visit to one flower
(in seconds), to provide a measure of mean
visitation period for each pollinator (Garan-
tonakis et al., 2016), b) fruit set, in each pol-
lination treatment, two weeks after the end
of anthesis.

Effect of patches of flowering plants on
the apple fruit quality

To determine any possible differences of
different groundcover management prac-
tices, the above mentioned IPM apple or-
chard in the 2020 experiment was used with
the establishment and the plant species of
the flowering mixture described in Barda
et al. (2023). All fruits were free-pollinated
and randomly harvested. In autumn 2021,
12 apple fruits were harvested from apple
trees in rows which during spring had been

surrounded by flowering mixture patches
(main flowering by Vicia sativa L., Vicia faba
L., Eruca sativa L. Cav. and Coriandrum sati-
vum L.) and 12 fruits from trees in rows that
had been surrounded by naturally occurring
groundcover of the orchard (main flower-
ing by Ranunculus repens L., Veronica persi-
ca Poir., Veronica hederifolia L., Calepina ir-
regularis (Asso) Thell., Cardaria draba L.). The
quality characteristics examined were the
same as those examined in the year 2020
with the addition of three characteristics
a) fruit skin firmness (kg), b) flesh firmness
(kg), ) apple shape, measured as the differ-
ence between maximum and minimum fruit
width. The skin firmness was measured us-
ing a penetrometer at two antidiametrical
points, flesh firmness was measured using
a penetrometer by cutting the apple in half
and measured at two points of the flesh be-
tween the ovary and the skin of the fruit.

Figure 1. Investigation of the importance of different pollination treatments in fruit set and fruit characteristics of the “De-
licious Pilafa Tripoleos” apple: a) branch with insect-proof net (wind pollination), experiment 2020, b) visit of Apis mellifera
to an apple flower, c) visit of Bombus terrestris to an apple flower, d) different pollination treatments inside insect proof cag-
es (A. mellifera, B. terrestris, wind pollination, hand pollination), experiment 2022, e) Measurement of total soluble solids by
hand- refractometer, f) measurement of fruit length with a caliper.
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Statistical analysis

T-test was applied to determine any sta-
tistically significant differences between: a)
fruit quality measurements of fruits from
free pollination, kept in the net after petal
fall vs free pollination without the net after
petal fall in 2020; b) free pollinated fruits ad-
jacent to flowering patches vs the natural-
ly occurring groundcover (control) in year
2021, when data followed the normal dis-
tribution (a=0.05); Kruskal-Wallis nonpara-
metric test when data did not follow the
normal distribution (0=0.05). Differences
among pollination treatments on fruit set
in the 2022 experiment were separated by
Dunn’s test, while visit duration differences
between honey bees and bumblebees were
determined by Kruskal-Wallis nonparamet-
ric test.

Results and Discussion

In year 2020, the bagged branches allowing
only wind pollination, gave very low fruit set
indicating that insect visits are necessary
for apple flower pollination of the cv. ‘De-
licious Pilafa Tripoleos’. The positive effect
of free pollination (wind and insects) is ob-
vious even from the ‘initial fruit set’” and is
clearly depicted on the ‘final fruit set’ (Table
1). Only one fruit from wind pollinated flow-
ers was obtained on harvest. On the con-
trary, 36 fruits were obtained by free pol-
linated flowers indicating the importance
of insect pollinators in fruit set. The impor-
tance of the insect mediated pollination has
been underlined for diverse apple varieties
(Garratt et al., 2016; Pardo et al., 2020; Burns,
2022) and is confirmed for ‘Delicious Pilafa

Table 1. Fruit set of the cv. ‘Delicious Pilafa Tripoleos’ flowers after free pollination or wind
pollination: number of flowers at pink bud stage (BBCH 57); number of fruits two weeks after
petal fall (BBCH 71); ‘initial fruit set’ as proportion of fruits at BBCH 71 out of flowers at BBCH
57; fruits on harvest (BBCH 87); final fruit set as the proportion of harvested fruit out of flow-
ers at BBCH 57, Tegea plateau, spring-autumn 2020.

Tree Pollination | Nr of flowers at | Nr of fruits at | Initial fruit | Fruits after fruit | Fruits on | Final fruit
treatment BBCH 57 BBCH 71 set thinning* harvest set
1 Wind 50 0 0.00 0 0 0.00
Free 20 17 0.85 7 7 0.35
2 Wind 19 10 0.53 0 0 0.00
Free 25 14 0.56 8 8 0.32
3 Wind 5 2 0.40 0 0 0.00
Free 9 8 0.89 4 4 0.44
4 Wind 4 0 0.00 0 0 0.00
Free 12 6 0.50 2 2 0.17
5 Wind 31 1 0.03 0 0 0.00
Free 28 24 0.86 5 5 0.18
6 Wind 21 0.05 0 0 0.00
Free 16 9 0.56 4 4 0.25
7 Wind 51 1 0.02 0 0 0.00
Free 24 18 0.75 4 4 0.17
8 Wind 11 2 0.18 1 0.09
Free 12 6 0.50 2 2 0.17

* Fruit thinning was applied as it is a common practice by apple producers and to have the same parameters
that affect fruit quality between wind, free pollination and the control fruits (free pollinated fruits without net,

randomly selected on harvest).
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Tripoleos'.

In the experiment of 2022, the results of
the wind pollination treatment confirmed
the results of the 2020 experiment that in-
sect pollinators are necessary for successful
pollination of ‘Delicious Pilafa Tripoleos’ ap-
ples (Figure 2). Hand pollination gave only
3 fruits out of 17 hand pollinated flowers,
highlighting the importance of a polliniz-
er apple variety on the pollination of the cv.
‘Delicious Pilafa Tripoleos’ (Figure 2).

Pollinator visit duration on a single ap-
ple flower differed significantly between
honey bees and bumble bees (p < 0.001)
with honey bees spending approximate-
ly twelve times longer time per flower than
bumblebees. Specifically, the mean dura-
tion of a single honey bee visit on an ap-
ple flower was 48.1 + 3.81 seconds and for
bumblebees 4.09 + 0.35 seconds. ‘Free + B.
terrestris’ treatment resulted in significantly
higher fruit set followed by honey bee and
hand pollination, while wind pollination re-
sulted in the lowest fruit set (Kruskal-Wallis,
Dunn’s test: p= 0.0047), (Figure 2). Pairwise
multiple comparison Dunn’s test did not
show any differences (marginally, p= 0.055)
between ‘A. mellifera’ and ‘Free + B. terrestris’
treatments but Wilcoxon test showed that
the latter resulted in significantly higher
fruit set than single visits from honey bees
(p=0.0188). This demonstrates that a single
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Figure 2. Percentage of fruit set two weeks after petal fall of
flowers of the apple cv. ‘Delicious Pilafa Tripoleos” after dif-
ferent pollination treatments: (a) a single visit of A. mellifera,
(b) at least one visit of Bombus terrestris, (c) hand, (d) wind,
Kruskal-Wallis: x>= 12.959, p=0.0047, Tegea, plateau, Greece,
spring 2022. Small letters indicate statistically significant dif-
ferences between the pollination treatments.

flower visit from a honey bee (although lon-
ger than the one of a bumblebee) does not
guarantee successful pollination, support-
ing the results of previous studies that fruit
set requires repeated pollinator visits (Ber-
nauer et al, 2022). Moreover, longer visit
duration does not always equal better pol-
lination than shorter visit durations as polli-
nation effectiveness depends on a variety of
factors such as pollinator hair density, body
length and flower handling (Roquer-Beni et
al., 2022). Other factors such as pollen car-
ryover and pollinator movement are also
important. For instance, bumblebees have
been reported to outperform honey bees in
terms of outcross pollen delivery per flower
visited in apple (Hung et al., 2023), as Bom-
bus spp. frequently contact stigmas while
foraging thus deposit more pollen to ap-
ple stigmas than honey bees (Thomson and
Goodell, 2001). This aligns with the higher
fruit set of the ‘Free + B. terrestris’ treatment
in the present study from flowers which had
received at least one visit of B. terrestris, al-
though previous visits by other pollinators
cannot be excluded. Nevertheless, both
honey bees and bumblebees store moist-
ened pollen in the corbicula of their hind
legs, making pollen generally unavailable
for pollination (Westerkamp, 1991; Michen-
er, 2007), hence further research with more
wild bee taxa which possess different struc-
tures and ways to carry pollen should be
conducted.

Considering possible effect of pollina-
tion treatments on fruit quality character-
istics, analyses on the 2020 harvested fruits
from free (insects and wind), wind pollinat-
ed flowers and free (insects and wind) pol-
lination without net until harvest, revealed
some differences. Given the low number
of apples harvested from the insect exclu-
sion (wind pollination) treatment, we could
not assess its effect on fruit quality. Howev-
er, the wind pollinated fruit had one seed,
whereas the free pollinated in cages and the
control (free pollination — randomly select-
ed fruits) had more than 3 seeds/fruit. Seed
set is an indicator of apple fruit quality pa-
rameters, with greater seed numbers result-
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ing in greater production of top commercial
value fruits (Webber et al., 2020). Statistically
significant differences were found between
the fruits from free pollination and the con-
trol which was also free pollinated but with-
out the effect of the net-cage after petal fall
(Table 2). The latter (control) showed signif-
icantly higher fruit weight, minimum, maxi-
mum fruit length and minimum fruit width
(p= 0.0120, p= 0.0047, p= 0.0141, p= 0.0197
respectively). These differences could pos-
sibly be attributed to the effect of the net
used only in the free pollination treatment
from BBCH 71 to BBCH 87, as published stud-
ies mention that net covering can affect pro-
duction and fruit quality of apple and other
fruits (Manja et al., 2019; Jordaan, 2023).
Regarding any possible effect of ground-
cover management on fruit quality charac-
teristics, no effect was found on most of the
fruit characteristics examined in year 2021.
Floral plantings, which attract wild bees and
enhance overall pollinator abundance in ap-
ple orchards (Campbell et al., 2017a; Barda et
al., 2023) have been reported to have posi-
tively affected apple size (Ratto et al., 2021)
whereas no differences were found in the
current study. Also, others reported that ap-
ple shape measured as the difference be-
tween maximum and minimum fruit width
was significantly affected by pollination
with insect-excluded treatment fruits being
more misshapen (Campbell et al., 2017b).
Here, only fruits derived from free pollinat-
ed flowers were studied. The fruit shape did
not differ between fruits produced from free
pollination close to the flowering mixture
and fruits from trees in the natural occur-
ring groundcover (p=0.7175) (Table 3). How-
ever, fruits produced from flowers adjacent
to the flowering mixture had significantly
higher skin firmness (p= 0.0224) while fruits
from the control showed significantly high-
er total soluble solids when harvested (p=
0.0004). As the fruit matures, total soluble
solids readings increase. However, both fruit
samples were obtained the same day from
the same field. In general, it is recommend-
ed to harvest apples with readings around
12% to 14% total soluble solids, but this var-
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ies by cultivar and target markets for the
fruits (Farcuh, 2023). Lower total soluble sol-
ids at harvest may warrant longer storabili-
ty period for ‘Delicious Pilafa Tripoleos’ ap-
ples. Generally, there is a positive trend of
increasing consumer preference in apples
with firmness (Harker et al., 2008) which un-
derlines the positive effect of the flowering
mixture to the marketability of ‘Delicious Pi-
lafa Tripoleos’ apples.

Conclusions

Overall, we can conclude that a pollinizer ap-
ple variety and insect pollinators are neces-
sary for successful pollination and fruit set of
‘Delicious Pilafa Tripoleos’ apples. Wind pol-
lination cannot resultin fruit set. Single flow-
er visits by honey bees can successfully pol-
linate flowers in a low percentage, which we
assume could be increased with more visits.
However, free pollination with at least one
visit of B. terrestris (use of bumblebee hives
is an increasingly applied farming practice)
resulted in higher fruit set. Enhancement of
pollinators using a groundcover manage-
ment scheme of flowering patches in the
apple orchard seems to have a further pos-
itive impact on pollination and fruit quality
characteristics in ‘Delicious Pilafa Tripoleos’
since fruits produced from flowers neigh-
boring the flowering mixture patches had
significantly higher skin firmness (desirable
by consumers) and significantly lower total
soluble solids at harvest (may warrant lon-
ger storability period). Further research with
diverse bee taxa is suggested to study the
effect of different pollinators on fruit set and
fruit quality.
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orchards and sharing their invaluable field ex-
perience, the Professor Emeritus Stavros Vem-
mos (Agricultural University of Athens) for his
guidance regarding apple fruit characteristic
measurements, the Researcher Kyriaki Varikou
(ELGO-DEMETER) for her field advice regard-
ing the bagging of the apple flowers, the Pro-
fessor loannis Karapanos (Agricultural Univer-
sity of Athens) for providing the penetrometer
and instructing the first author on the use of
the equipment and the company Hellagro for
donating the net used in the different pollina-
tion treatments.
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H emkoviaon kat kapmodeon tn¢g Npootateudpevng
Ovopaciag MpoéAevong moikidiag pnAiag «Ntelicioug MiAaga
TpmoAewe» e§apTatal amo EVIOHA EMKOVIAOTEC

M. Mntdpda, O. Kapapaouva, ©. Ztabdkng kat A. MNepdikng

NepiAnPn H avaykn emkoviaon¢ amd ta évroua ot KaANEpyela NG UNAIAC Siapépet avaloya pe
TNV moikiAia. H «NteAiotouc Midagd TpimdAewd» gival kaAAiepyoUpevn TolkiAia unAag Mpootateudue-
vng Ovopaoiag MpoéAeuong yia tnv omoia 6gv UTIAPXOUV GTOLXEIO OXETIKA ME TOV aBuo autoacupfi-
BaoTou mou mapouactadel Kal TIC AVAYKEC yla EMIKOVIAoN amd Ta éVTOWA Yla EUMOPIKN TTapaywyr. ZTnV
mapovoa epyacia e€eTA0TNKE N eMidpacn Tn¢ emkoviaong amd Tov Avepo (Aven o kKAwPoulg), dvepo
Kal €vTopa (Avon xwpic kKAwBoug), amd tn LENITTOPOPO UENOOA, amo eAVBEPN emikoviaon pe TOUAAX!-
oTov pia emiokePn BouPivou, Kat Le TO XEPL, 0TNV KAPTAOEDN Kal 0TA XAPAKTNPIOTIKA TOU KapmoU. Emi-
ong, MEAeTABNKE N emidpacn avBoPopwV QUTIKWY UEIYUATWY HE TN Hop@H vNoidwv eVTOC TOU UNAew-
Va WG TTPAKTIKA YO TNV TTPOCEAKUGN EMKOVIAOTWY, OTA TIOIOTIKA XAPAKTNPIOTIKA TwV Kapmwv. Na tnv
EMITUXN EMIKOViaon TS UNALAC cv. «<NTeAiolou MAaga TpimoAewe» gival amapaitnTn n mapouscia emKo-
VIAOTPLAG TIOIKIAIOG KA EVTOUWV ETTIKOVIAOTWY, KABWG N EMKOVIOon PE TO x€PL Ue yupn avBéwv amod tnv
idl1a moikiAia, kat n emkoviaon pe Tov Avepo odrynoav o€ xaunAd mooootd kapmddeonc. Mia emioke-
PN A. mellifera ava avBoc punAidc odryynoe o€ kapmddeon, woTooo, N EAVBEPN EMKOVIOON UE TOUAG-
XloTov pia emiokeyn amo B. terrestris €ixe w¢ amotéAeopa UPNASGTEPO TOCOOTO Kapmodeong oe GUYKPL-
on Ue TIG AAEG peTaxelpioelg emkoviaong. H «eAe0Bepn» emikoviaon 0drynoe o€ mePIOOOTEPOUC KApP-
TIOUC HE MEYANUTEPO APIOUS OTIEPUATWY amd OTL N EMIKOviaon Ue Tov dvepo (n omoia édwaoe povo évav
Kapmo). Ta uiAa mou mpoépyovtav amod dvon mou Bpiokovtav Kovtd o€ vnoidec avBo@opou peiyuatog
€lXav oNUAVTIKA HEYOADTEPN CUVEKTIKOTNTA YAOLOU Kal XaunAoTepa oAikd Slahutd oTeped cuoTatikd
KaTd TN ouykodn (kat ta Vo emOUUNTA XapakTNELOTIKA yia TNV cv. «NTeAioloug MAapd TpimoAewe),
o€ oLYKpLoN Ue Kapmmoug §évopwv mou yettvialav pe vnoideg autopuolg xAwpidag.

Hellenic Plant Protection Journal 17: 59-69, 2024
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