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Abstract - SI. VERGARI, G. DONDINI, I. NEROZZI, F. SABATINI, G. Sa-
BATINI, SE. VERGARI, Fruit production by Vaccinium species i the Tus-
can-Emilian Apennines and a new Vaccinium vitis-idaea L. site in the area.

Three species of blueberry grow in the Pistoia Apennines: European
blueberry (Vaccinium myrtillus 1.), Bog bilberry (Vaccinium uligino-
sum L.) and Lingonberry (Vaccinium vitis-idaea). Vaccinium vegetation
develops maximally above the tree line. The ecological and economic
importance of these species highlights the need to monitor and an-
alyze aspects of their biology. Here we present our findings relating
to the vegetation structure of a large population of Vaccinium, domi-
nated by V. vitis-idaea, recently discovered on the Pistoia Apennines.
Furthermore, we provide quantitative data on fruit production, soil
pH, microclimate and biometry of fruits in V. mzyrtillus, V. uliginosum
and V. vitis-idaea. A program of monitoring should be carried out over
several years to verify any quantitative trends and determine whether
increasingly marked climate changes may influence the relative abun-
dance, distribution and fruit-production capacity of these Vaccinium
species.

Key words - Blueberries, Vaccinium sp. pl., mountain ecology, Tus-
can-Emilian Apennines, Italy

Riassunto - SI. VERGARI, G. DONDINI, I. NEROZZI, F. SABATINI, G.
SABATINI, SE. VERGARI, Produzione di frutti di specie del genere Vacci-
nium L. sull’Appennino Tosco-Emiliano e una nuova stazione di Vacci-
nium vitis-idaea L.

Le formazioni vegetali dominate da specie del genere Vaccinium tro-
vano il loro massimo sviluppo sopra il limite della vegetazione ar-
borea. Sull’Appennino Pistoiese sono presenti tre specie di mirtillo:
mirtillo nero (Vacciniune myrtillus L.), falso mirtillo (V. uliginosum:
L.) e mirtillo rosso (V. vitis-idaea L.). La loro importanza ecologica
ed economica necessita un approfondimento conoscitivo su alcuni
aspetti della biologia. Sono qui presentati i risultati relativi alla pro-
duzione di frutti, pH del suolo, microclima. Si sottolinea I'importan-
za di elaborare un monitoraggio su pilt anni per verificare eventuali
andamenti quantitativi anche in previsione di cambiamenti climatici
che ne potrebbero influenzare abbondanza relativa, distribuzione e
produzione.

Parole chiave - Mirtilli, Vaccinium sp. pl., ecologia montana, Appenni-
no Tosco-Emiliano, Italia

INTRODUCTION

On the Tuscan-Emilian Apennines, above the vegeta-
tion essentially consisting of beech forest, grows the
so-called blueberry heath, dominated by the Euro-

pean blueberry (Vaccinium neyrtillus 1..) and the Bog
bilberry (Vaccinium uliginosum 1..) (Pirola and Cor-
betta, 1971; Foggi et al., 2007). This type of vegeta-
tion is peculiar to the alpine areas of Italy and can be
considered a relic from the last glacial era, although
its distribution and abundance has been modified by
centuries of human activity (Chiarugi, 1936; Bertola-
ni-Marchetti, 1963; Losacco, 1982; Foggi et al., 2007,
Vescovi et al., 2010). Vaccinium sp. pl. are distributed
significantly on the ipsophilous prairies of the North-
ern Apennines, where they are extremely important to
the protection of the thin and unstructured soils that
are typical of these high-altitude habitats. For exam-
ple, the extensive rhizome network found in whortle-
berry can aid in preventing soil erosion (Ferrarini,
1977; Ferrari, 1978; Vander Kloet & Hall, 1981). The
whortleberry plant provides cover for small birds and
mammals, and the berries are eaten by many birds
and mammals including hares, voles, grouse and par-
tridges (Ritchie, 1956).

On the basis of floristic differences, two types of bil-
berry phytocoenosis have been defined: one, similar
to the Alpine type, is characterized by the dominance
of Empetrum hermaphroditun Hagerup and V. uligino-
sunz; the other, typical of the Apennines, is dominated
by V. myrtillus and V. uliginosum (Ferrari, 1978; Ferrari
& Piccoli, 1997; Foggi et al., 2007). European blueber-
ry has considerable local economic importance, with
the fruit being harvested both for direct sale and sub-
sequent processing into other food and phytothera-
peutic products (Modena, 1939; Ciatti, 1977; Ronchieri
& Mazzei, 1997).

In the Pistoia Province, Lingonberry (Vaccinium vi-
tis-idaea L.) was originally reported in 1891 near Bo-
scolungo (Levier & Sommier, 1891), where it was pres-
ent “in large bushes, but for the most part sterile” and
where it has not been found since. The only confirmed
site, which is limited in size, is one on Mount Gomito
(1892 m a.s.l.) (Ronchieri & Mazzei, 1997; Romagnoli
& Foggi, 2005; Gabellini et al., 2006). However, an-
other site containing this species was discovered near
Croce Arcana (San Marcello-Piteglio Municipality),
allowing fruit production to be estimated.
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No data on European blueberry production are availa-
ble for Tuscany, except for estimates with values of 180
quintals of saleable product (see Ciatti, 1977). Besides
being of economic value in Tuscany as a whole (4060
Natura2000 code), this species are of very significant
local economic value (Vampa et al., 1978; Alessandrini
et al., 2003). Despite its importance, information about
fruit production in the area remains limited, and,
furthermore, proposals for management strategies to
ensure sustainable crop production are required. The
purpose of this work was to provide data on the pro-
duction of fruit by the three Vaccinium species in the
Tuscan-Emilian Apennines.

MATERIAL AND METHODS

Study area

On the Tuscan-Emilian Apennines, the area domi-
nated by Blueberry phytocoenosis is divided into two
geographical districts (Ronchieri & Mazzei, 1997):
the first constitutes the ridge between the Libro
Aperto and Gennaio Mount, while the second is be-
tween Alpe delle Tre Potenze and Foce di Campolino
(upper Sestaione Valley) (Fig. 1). The area included in
this survey was between the Passo della Croce Arca-
na (1669 m a.s.l.) and Gennaio Mount (1813 m a.s.l.),
San Marcello-Piteglio Municipality, Pistoia Province,
within the borders of the Special Areas of Conser-
vation (SAC) IT5130006 “Monte Spigolino-Monte
Gennaio”. The dominant geological substratum con-
sists of the arenaceous formations of Macigno, Mod-
ino Mount and Cervarola Mount Sandstone (Borto-
lotti, 1992; Losacco, 1982). Rainfall exceeds 2000 mm
per year with snow cover that in some years continues
for 100 days. In particular, the rainfall during the 3
months prior to fruit ripening (May, June and July)
was 328 mm in 2018, 463.8 mm in 2019 and 410 in
2020 (Melo-Cutigliano station, Settore Idrologico e
Geologico Regionale, https:/www.sir.toscana.it/).
The new site of V. vitis-idaea growth, found in Croce
Arcana, is located almost completely in the territory
of the municipality of San Marcello-Piteglio, with a
small portion in the municipality of Abetone-Cutigli-
ano (Pistoia Province, 44° 7' 35" N - 10°47' 1" E; SCI
Monte Spigolino - Monte Gennaio, code IT51300006).
It occupies an area of over 1100 m?, with prevalent
exposure to the east, south-east and a predominant
inclination between 25° and 45°, at an altitude be-
tween 1620 and 1650 m a.s.l.

Fruit production estimation

Fruit production was estimated by randomly select-
ing a total of 65 x 1 m? phytocoenoses of the three
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Figure 1. Study area (black dot) in the municipality of San Marcello-
Piteglio (Province of Pistoia, 44° 7' 35" N - 10°47' 1" E).

investigated species. Each area was at least 95%
covered by one of the species. In particular, 30 ar-
eas were selected for the presence of V. myrtillus
(10 in 2018, 10 in 2019 and 10 in 2020); 20 areas for
the presence of V. uliginosum (10 in 2019 and 10 in
2020) and 15 areas for the presence of V. vitis-idaea
(five in 2019 and 10 in 2020). In each area, all fruits
were collected at the time of maximum fruiting and
weighed (wet weight). The average wet weight (Ww
+ SD) values were calculated. A sample of 100 g of
each type of berry was placed in a ventilated oven
at 105 °C for 24 h and subsequently weighed (dry
weight, Wd). The percentage of water in the samples
was calculated.

Soil pH

Soil samples were taken at a depth of 10 cm from 10
sites distributed between plant formations dominated
by European blueberry, Bog bilberry and Lingonber-
ry; 10 g of soil were added to 25 ml of distilled water;
after stirring and resting for at least 15 min to reduce
the turbidity of the suspension, the pH was measured
using a pH meter (PCE-PHD model 1) with a suitably
calibrated glass electrode.
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Table 1. Fruit production in the three species of blueberries. N=number of sampled 65 m?-plots. SD= standard deviation of the mean.

Vaccinium myrtillus

Vaccinium uliginosum

Vaccinium vitis-idaea

Year N mean (g/m?) SD N mean (g/m?) SD N mean (g/m?) SD
2018 10 40.2 41.0
2019 10 2253 140.3 10 1715 111.3 5 18.0 7.5
2020 10 68.9 455 10 45.6 70.2 10 74.2 118.2
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Figure 2. Fruit production for the three species of blueberries. For the
European blueberry the production of 2018 is compared with that of
2019 and 2020.

Microclimatic characterization

A datalogger sensor U23-001 from HOBO was placed
on the ground to measure temperature (°C). An au-
tomatic measurement was taken every 4 h from Jan-
uary 2018 to January 2019. The collected data were
downloaded regularly via an Optic USB Base Station
BASE U-4 and analyzed with Hoboware pro 3.1 soft-
ware. The chosen site (1640 m s.lm., 44° 7' 25" N -
10° 46' 26" E) had a south-west exposure, dominat-
ed by V. myrtillus and subordinately by V. vitis-idaea.
From 15 January 2018 to 15 April 2019, temperature
measurements were also taken over the snow cov-
er with a HOBO datalogger sensor U23-001 located
about 1.5 m above the ground.

Biometry of fruits.

The weights of 80 fruits for each of the three randomly
selected blueberry plants collected in 2019 were meas-
ured with a Sartorius electronic scale (+ 0.01 g), and
the diameters were measured with calipers (+ 0.1 mm).
The viable seeds from 80 fruits of each species were
counted.

Each type of measurement was tested for normality
distribution and analyzed using parametric statistics
(one-way ANOVA and Tukey’s test), according to the
normality test results, with PAST 3.06 software (http://
folk.uio.no/ohammer/past/).
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Figure 3. Mean daily ground-level (solid line) and above-ground
(broken line) temperatures based on the data collected by the da-
taloggers in the codominant Lingonberry and European blueberry
station. The above-ground temperature was measured at 1.5 meter
above the ground from January to April, during which period the
ground temperature (under a continuous snow cover) remained con-
stant at 0 °C.

RESULTS

Fruit production estimation

The estimate of fruit production showed both annual
and species variations (Tab. 1, Fig. 2). In V. wzyrtillus
in particular, there was a difference in fruit produc-
tion over the course of the 3-year study, with a peak in
2019. The average rate of fruit production over the 3
years in this species was 92.3 g/m? (+ 92.6). A similar
difference was observed in V. uliginosum between 2019
and 2020 (Tab. 1). The average rate of fruit production
over 2 years was 74.7 g/m? (+ 95.6). In V. vitis-idaea the
average rate of fruit production over 2 years was 27.5
g/m? (+ 43.2). The percentage of water in the fruits
was 84.4% in V. uliginosum, 85.2% in V. myrtillus and
84.2% in V. vitis-idaea.

Soil pH

The observed values of soil pH ranged from a mini-
mum of 4.1 to a maximum of 5.7 with an average of
4.72 (£ 0.44).
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Table 2. Biometry of fruits in three blueberry species, tested with one-
way ANOVA followed by Tukey’s test. Mean values + standard devia-
tion are given (N = 80, sampled in 2019, for all measurements). D =
diameter (mm; F = 164.1, p < 0.001), W = weight (g; F = 169.1, p <
0.001), S = number of seeds per fruit (F = 129; p < 0.001). Different
letters show significant differences in pairwise comparisons.

Species D (mm) W (g) S (n)

V. myrtillus 8.78 + 0.89 0.35 +0.10° 23 +69°
V. uliginosum 8.35 + 0.76% 0.27 + 0.07% 23+ 6.7°
V. vitis-idaea 6.53 + 0.83> 0.13 + 0.05> 11+57%

Microclimatic characterization

The measurement of the temperature within the veg-
etation highlighted the insulating effect of the snow
cover. With an outdoor temperature of -17 °C, constant
temperatures of around 0 °C were measured under
the layer of snow at ground-level (Fig. 3). In the sum-
mer, direct exposure to the sun led to temperatures
of around 30 °C at ground-level under the blueberry
plants. These high temperatures were recorded during
the period of fruit ripening for both V. mzyrtillus and V.
uliginosum, between the end of July and the first two
weeks of August. The maturation of V. vitis-idaea took
place between the end of September and the first week
of October, when the temperatures were significantly
lower (Fig. 3).

Biometry of fruits

The diameter and weight of the fruits from the three
species were significantly different (Tab. 2). In par-
ticular, fruits from V. mzyrtillus exhibited the highest
values compared with those of V. uliginosum: and V.
vitis-idaea. The average numbers of viable seeds in V.
myrtillus (23) and V. uliginosum (23) fruits were not
significantly different. A significant difference was,
however, found in comparison with the fruits of V. vz-

tis-ideae (Tab. 2).

DISCUsSION

Fruit production exhibited significant differences
among the three species and over the years of study. In
particular, a significant difference in fruit production
by European blueberry was observed between 2018,
2019 and 2020. The production of fruits increased sig-
nificantly in 2019 and decreased drastically in 2020.
Moreover, fruit production in V. uliginosum decreased
significantly between 2019 and 2020. For V. vitis-idaea,
it was not possible to highlight significant differences
between 2019 and 2020, perhaps due to the high vari-
ability of the samples, which may have been caused by
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the different levels of rainfall during the three seasons
included, especially during the period between May
and ]uly, just before fruit ripening. In fact, the high-

est amount of rainfall was registered in 2019, the year
in which both V. myrtillus and V. uliginosum bore the
most fruit. The findings led us to suggest that fruit pro-
duction was poor when the winter snow cover was less
than 20 cm in depth. Flower buds were then vulner-
able to damage by cold winter temperatures. In some
areas, flower bud development may be greatly reduced
when January temperatures reach -32 to -34 °C (Raa-
tikainen & Vanninen, 1988). Unfortunately, no precise
data about snow levels are available in order to ena-
ble more precise correlations with the amount of fruit
produced. Further investigation is therefore necessary
to determine which ecological factors can positively or
negatively influence this parameter and enable more
careful management.

In V. mzyrtillus the mean number of fully ripe seeds per
berry was 23, higher than the value of 17.9 previously
observed in the UK (Ritchie, 1956). In V. uliginosum,
the average number of viable seeds varies. For exam-
ple, in Iceland a value of 13 was reported (Guitian ez
al., 1994), while a value of 14 was reported in Cana-
da (Kloet & Hill, 1994) and 25 in Sweden (Ehrlén &
Eriksson 1993). The maximum diameter of the fruit
was reported to be on average 7.32 mm in Iceland and
7 mm in Canada, while our measurement was 8.35 mm.
Jacquemart (1996) reported a maximum fruit diameter
of between 7 and 10 mm (Jacquemart, 1996). For V.
vitis-idaea, Ritchie (1955) reported an average of 6-7
viable seeds per fruit, while in our sample the average
was slightly higher at 10. These data relating to the size
and weight of the fruits and the number of seeds were
in line with those found for other geographical areas.

The type of vegetation provided by the species of the
genus Vaccinium plays fundamental roles in the con-
servation of biodiversity and soil protection (Maubon
et al., 1995) in high altitude environments where these
species normally grow. These species also provide a
local economic resource (Benini, 1990). V. mzyrtillus
is deciduous and its foliage is richer in nutrients than
most other members of the Ericaceae. Its soft leaf litter
decays easily despite a high tannin content (Gallet &
Lebreton 1989, 1995). This aspect underlines the im-
portance of developing correct forms of management
for these species in this area (Ronchieri & Mazzei,
1997).

This work has focused on fruit production to obtain
data on the capacity of these heaths to produce fruit.
It would be desirable to monitor the trend in fruit
production over a period of years to enable predictive
models to be implemented in anticipation of increas-
ingly marked climate changes that could influence rel-
ative fruit abundance, distribution and production.



FRUIT PRODUCTION BY VACCINIUM SPECIES IN THE PISTOIA APENNINES

ACKNOWLEDGEMENTS

This research was supported by “Unione dei Comuni Appennino Pis-
toiese”. In particular we thank Francesco Benesperi (UCAP) and the
mayor of the Municipality of San Marcello-Piteglio and president of
UCAP, Luca Marmo. A special thanks to Daniele Vergari (Accademia
dei Georgofili) for help with bibliography. We thank the anonymous
reviewers for their very accurate and useful suggestions, which much
improved the manuscript.

REFERENCES

ALESSANDRINI A., FOGGI B., Rosst G., TOMASELLI M., 2003. La
Aora di altitudine dell’Appennino Tosco-Emiliano. Regione
Emilia-Romagna, Bologna, 329 pp.

BORTOLOTTI V. (a cura di), 1992. Guide geologiche regionali: Ap-
pennino Tosco-Emiliano, 12 itinerari. Be-Ma Editrice, Roma,
330 pp.

CHIARUGI A., 1936. Cicli forestali postglaciali nell’Appennino
Etrusco attraverso 1’analisi pollinica di torbe e depositi lacu-
stri presso I’Alpe delle Tre Potenze e il Monte Rondinaio. Nzo-
vo Giornale Botanico Italiano 3: 1-61.

CIATTI G., 1977. Cutigliano. Condizioni e prospettive economi-
che di un Comune della Montagna pistoiese. Rivista di Storia
dell’Agricoltura 3: 33-132.

FERRARI C., 1978. Elementi per una tipologia fitosociologia dei
vaccinieti extraselvatici dell’Appennino Settentrionale. Archi-
vio Botanico e Biogeografico Italiano 54: 102-114.

FERRARI C., PiccoLl F., 1997. The ericaceous dwarf shrublands
above the Northern Apennine timberline (Ttaly). Phytocoeno-
logia 27: 53-76.

FERRARINI E., 1977. Cenosi a Picea abies (L.) Karst. relitte sull’Ap-
pennino. Annali Accademia Italiana Scienze Forestali 26:
185-237.

Foaar B., GENNAI M., GERVASONI D., FERRETTI G., Rost C., ViI-
CIANI D., VENTURI E., 2007. La vegetazione del SIC Alta Valle
del Sestaione. Parlatorea 9: 41-78.

GABELLINI A., VICIANI D, LoMBARDI L., FOGGI B., 2006. Contri-
buto alla conoscenza della vegetazione dell’alta Garfagnana
appenninica (Toscana settentrionale). Parlatorea 8: 65-98.

GALLET C., LEBRETON, P., 1989. Profils phytochimiques au sein
d’une pessiere d’altitude. Acta Biologica Montana 9: 143-152.

GALLET C., LEBRETON P., 1995. Evolution of phenolic patterns in
plants and associated litters and humus of a mountain forest
ecosystem. Soz/ Biology & Biochemistry 27: 157-165.

GUITIAN J., MUNILLA 1., GUITIAN P., LopPEZ B., 1994. Frugivory
and seed dispersal by redwings Turdus iliacus in southwest
Iceland. Ecography 17: 314-320.

111

JACQUEMART A.L., 1996. Vaccinium uliginosum L. Journal of Eco-
logy 84: 771785,

LEVIER E., SOMMIER S., 1891. Addenda ad floram Etruriae. Nuovo
Giornale Botanico Italiano 23: 241-270.

Losacco V., 1982. Gli antichi ghiacciai dell’Appennino settentrio-
nale. Studio morfologico e paleogeografico. Atti della Societa
dei Naturalisti e Matematici di Modena 113: 1-224.

MAUBON M., PONGE J.F., ANDRE J., 1995. Dynamics of Vaccinium
myrtillus patches in mountain spruce forest. Journal of Vegeta-
tion Science 6: 343-348.

MODENA A., 1939. Monografia economico agraria dell’Appennino
Pistoiese. Arte della Stampa, Pistoia.

PiroLA A., CORBETTA F., 1971. I vaccinieti dell’alta valle del Dar-
dagna (Appennino emiliano). Notiziario Fitosociologico 6: 1-10.

RAATIKAINEN M., VANNINEN 1., 1988. The effects of the 1984-1985
cold winter on the bilberry and ligonberry yield in Finland.
Acta Botanica Fennica 136: 43-47.

REGIONE TOSCANA. Settore Idrologico e Geologico Regionale,
https://www.sir.toscana.it/

RITCHIE, J.C., 1955. Biological flora of the British Isles: Vaccinium
vitis-idaea L. Journal of Ecology 43: 701-708.

RircHIE J.C., 1956. Biological flora of the British Isles: Vaccznium
myrtdllus L. Journal of Ecology 44: 290-298.

RomAaGNOLI P, FOGGI B., 2005. Vascular Flora of the upper Se-
staione Valley (NW-Tuscany, Italy). Flora Mediterranea 15:
225-305.

RoNcHIERI 1., MAzzEl T., 1997. Indagine sugli aspetti ecologici
e economici dei vaccinieti dell’Appennino Tosco-Emiliano.
Quaderno ARSIA 3.

VAMPA G., PEORARI P., ALBASINI A., RINALDI M., MELEGARI M.,
Losacco S., 1978. Ricerche su piante officinali dell’Appenni-
no Modenese. Atti della Societd dei Naturalisti e Matematici di
Modena 109: 75-91.

VANDER KLOET S.P.,, HALL IV, 1981. The biological flora of Cana-
da. 2. Vaccinium myrtilloides Michx., velvet-leaf blueberry. The
Canadian Field-Naturalist 95: 329-345.

VEescovl E., AMMANN B., Ravazzi C., TINNER W., 2010. A new
Late-glacial and Holocene record of vegetation and fire history
from Lago del Greppo, northern Apennines, Italy. Vegetation
History and Archaeobotany 19: 219-233.

(ms. pres. 20 gennaio 2020; ult. bozze 24 dicembre 2021)





