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ABSTRACT

The industrial production of citrus plants for ornamental use (ornacitrus) began in Italy at the end of the
1960s due to the need for many citrus nurseries to adapt their activities in a time of crisis for citriculture.
Nowadays, the ornamental citrus nursery sector is a well-established industry in many European countries
such as Portugal, Spain, Greece, and southern Italy. In Italy, nursery production of ornamental citrus plants
has become prominent due to the gradual shutdown of many commercial citrus orchards. Currently, Italy
maintains its leadership with more than 5.5 million ornacitrus plants produced annually. Ornamental citrus
production regards mainly different cultivars of Citrus and Fortunella species, with lemon as the lead species.
In this paper, the contribution of breeding and cultural techniques to the innovation of the sector is reported
and discussed. This review aims to give an updated scientific and technical description of a sector with large
competitive potential that remains still largely unexplored, pointing out its strengths and weaknesses.

Key words: Citrus spp., nursery management, potted ornamental plants, rootstocks, variety

INTRODUCTION

Citrus L. is by far the most economically significant
genus in the family Rutaceae. It accounts for some
25 species, native to the southeastern foothills of
the Himalayas (Wu et al., 2018), that have spread
everywhere between the parallels of 40°N and 40°S,
and are now grown in 146 countries, in tropical and
subtropical areas. Citrus is the main fruit crop in
the world, and Brazil is the first producer country.
In 2017, global production of citrus fruits reached
135.9 million tonnes (FAO, 2019), both for fruit
consumption and juice production. Total citrus
fruit production in the EU was 10.7 million tonnes
in 2017. Spain (32.9%) and Italy (22.7%) are the
main EU producers of citrus fruit (Eurostat, 2018).
The use of citrus plants for both agricultural and
decorative-medicinal purposes has a long history
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(Tolkowsky, 1938). The beautiful appearance of
both tree and fruit, and the fragrance due to the
characteristic essential oils have contributed to their
cultural success all over the world (Webber, 1967).
The first citrus to reach Europe, probably via Persia
(Andrews, 1967), was the citron (Citrus medica L.),
one of the few so-called “true species” (i.e. not of
hybrid origin) (Nicolosi et al., 2000). Through the
Jewish communities, the citron was traded over the
entire Mediterranean region (Scora, 1975). At the
time of the ancient Greeks and Romans, citrons
were not considered edible and the plant was then
used for decorative, medicinal, odoriferous, or
symbolic purposes. In Italy, the citron's presence
is recorded as far back as the 3™ century BC.
Citrons are represented in frescoes and in mosaics
in Pompeii, in the vault of the Mausoleum of
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Santa Costanza in Rome, in the Villa del Casale
(Sicily), Carthage and other Roman sites in Tunisia.
Archaeobotanical records established the existence
of two Citrus taxa in Italy at least by the end of
the 1st century B.C. and support the hypothesis that
Citrus was a precious fruit that was used in sacred
ceremonies (Pagnoux et al., 2013).

The sour orange (C. aurantium L. was
introduced into Europe between the XI and XII
century, perhaps by the Crusaders, while the sweet
orange (C. sinensis Osbeck) was introduced on
several occasions three to four centuries later by
Genovese and Portuguese navigators. In Sicily, its
presence, under the name of arangiis dulcibus, is
documented since 1487 (Bresc, 1972).

The lemon (C. limon (L. Burm. F), already
known by the Romans, would be spread around
in the XII century by the crusaders and/or by the
Arabs. The mandarins (C. reticulata Blanco) and
grapefruits (C. paradisi Macf)) were the last to be
introduced in Europe in the XIX and early XX
centuries, respectively.

Historically, the Muslim expansion throughout
the Mediterranean area from the VIII century
onwards played a key role in the diffusion of
Citrus use and fostered a culture of “landscape
stewardship”, largely based on revolutionary forms
of irrigated agriculture, especially in Andalusia
and in Sicily. This is evidenced by the fact that
nearly all the names applied to cultivated Citrus
in Western languages were taken from the Arabic
(Ramon-Laca, 2003), as were many technical
terms in use for the irrigation techniques (Bresc,
1972). The Arabs, and afterwards the Normans
in southern Italy, modelled their pleasure gardens
(loca solaciorum) on the Persian model of the
Pairidaeza, an earthly emulation of the Heavenly
Dwelling-place (Barbera, 2015).

Between the end of the Middle Ages and the
beginning of the Renaissance era, citruses were
prized aesthetic and botanical components of
gardens and plant collections across Europe, even
at high latitudes that are too cold for the survival
of the plants. This was possible because Citrus
plants were grown in pots outdoors in summer
and brought inside for winter, in greenhouses
(“orangeries”) (Webber, 1967, Recupero, 2009).
This type of container-growing, with a preference
for the strangest and most “bizarre” citrus fruits,
became a cult for many aristocrats (Crescimanno
and Sottile, 2007), and the culture of citrus plants
became a status symbol. In Italy, particularly during
the Medicean period, this phase of “citrusmania”

that gripped Europe (Wearn and Mabberley, 2016)
is well documented by the huge variety of Citrus
species depicted in numerous herbals, paintings
and engravings (Baldini et al., 1982; Baldini, 1990).
Whereas commercial plantings and, successively,
significant trade of fresh fruit started in Europe after
the second half of the XVIII century, the history
of the specialized ornamental sector is decidedly
recent. Starting from the end of the 1960s, when an
initial significant production of potted lemons took
place in Tuscany, we have to wait until the end of
the XX century for the development of a massive,
specialized production of ornamental Citrus
specimens, when small plants could be grown in
plastic pots, making them easily transportable
(Continella et al., 1992).

Nowadays, the ornamental citrus nursery sector
is a well-established industry in many countries
such as Portugal, Spain, Greece, and Italy. In
southern Italy, from where most of the ornacitrus
imports to northern Europe come from, production
of citrus plants for ornamental purposes has become
more important than traditional citrus nurseries
(Del Bosco, 2003) due to the gradual shutdown
of commercial citrus orchards started in the early
1990s (Schimmenti et al., 2009). Currently, Italy
maintains its leadership, with more than 5.5 million
ornacitrus plants produced annually in Tuscany,
Liguria, Apulia, Calabria and, for more than 90%,
in Sicily. Additionally, the interest in citrus as
ornamental plants has increased in recent years
also in different non-EU countries such as Brazil,
Turkey or Indonesia (Dos Santos et al., 2015; Uzun
et al., 2015; Budiarto et al., 2017), motivating the
emergence of the new word “ornacitrus” for the
ornamental citriculture (Dutt et al., 2016) including
four groups: potted plants, mini-fruit plants, hedges,
and landscaping plants.

This review is a compendium of the technical
innovations applied to ornamental citrus potted
plant production, starting from plant material
selection up to rootstocks, varieties, substrates,
training systems and cultural techniques ordinarily
applied in the modern citrus nursery industry in
Sicily.

ORNACITRUS NURSERY INDUSTRY
IN SICILY

An extremely rapid expansion of surface areas
and production volumes has characterized the
structure and the organization of the ornacitrus
nursery sector in Sicily in the last three decades
(Russo, 1990; Continella et al., 1992; Calabrese
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and De Michele, 1995; Recupero et al., 2001,
2003a; Bucca and Zarba, 2004; Crescimanno
and Sottile, 2007; Schimmenti et al., 2009). From
an initial, collateral activity carried out in Citrus
nurseries mainly devoted to the production of
plants for fruit crop orchards, a gradual but intense
process of specialization has been experienced by
the sector. This process has regarded mainly the
species composition, varietal aspects, rootstocks
and propagation techniques, and was driven by
scientific and technical innovation gathered both
at local and international levels (Recupero et al.,
2003b; Torrisi et al., 2004; Reforgiato Recupero et
al., 2005; Recupero et al., 2015; Dutt, 2016).

Currently, Sicily has about 400 citrus nurseries
with a total surface area of more than 300 hectares,
located mainly along the coastal line, in the
districts of Messina and Catania (Schimmenti
et al., 2009; Recupero et al., 2015). At least 60%
of the nursery area is maintained under covered
structures to obtain a more rapid growth and to
improve plant characteristics. Only a few nurseries
carry out a complete production cycle, i.e. from
seed to market, while most of them, smaller in
size, deal with different kinds of semi-finished
products. Their production is primarily exported
to northern Europe (Germany, England, France
and Scandinavian countries). The most important
species is lemon (C. limon (L.) Burm f.) — about
50% of production, followed by calamondin
(C. madurensis Lour) — 20%, ‘Oval’ kumquat
(Fortunella margarita (Lour.) Swing.) — 15%, and
chinotto small leaf (C. myrtifolia Raf)) — 7%. Other
species are quantitatively less represented.

THE GENOTYPES: CULTIVARS
AND ROOTSTOCKS

In theory, most of the species belonging to the
Aurantioideae sub-family of the Rutaceae could
be used as ornamentals due to their particular
morphological characteristics: evergreen bright
leaves, beautiful scented flowers, attractive and
persistent fruit (Continella et al., 1992). Ornamental
citrus production regards mainly different cultivars
of Citrus and Fortunella species. Currently, a large
part of the citrus used in the ornamental sector are
the same commercial cultivars normally utilized
for fruit production. Very often, the ornamental
sector is interested in exploiting the existing
cultivars in the citrus germplasm collections or
botanical gardens, with special reference to minor
or neglected varieties for fruit production, but with
interesting aesthetic features (Del Bosco, 2003;

Budiarto et al., 2017). Indeed, it should be borne in
mind that the presence of fruit attached on the trees
adds value to the attractiveness of the potted plants.
More recently, deriving from specific projects, new
accessions have been selected exclusively for their
ornamental value (Mazzini and Pio, 2010; Dos
Santos et al., 2015; Recupero et al., 2015; Bowman
and Road, 2018).

A majority of the ornacitrus plant production
in Italy belongs to the lemon (Citrus limon (L.
Burm.f). This is still represented in Sicily by
a rich germplasm consisting of at least 22 different
varieties or landraces (Siragusa et al., 2008). The
most represented lemon cultivar for ornacitrus is
‘Lunario’ (Recupero, 2009). This is an ancient,
distinctive Italian variety of decreasing importance
for fruit production in parts of Sicily. The National
Museum at Naples has two frescoes from Pompeii
in which ripe ‘Lunario’ lemons, among others, are
depicted (Andrews, 1961). Its basic description
(Hodgson, 1967) reports: “Fruit medium-large,
long elliptical to long-obovate; commonly with
well-developed neck or furrowed collar;, usually
with narrow sharp-pointed nipple; seedy. Rind
smooth and medium-thin. Flesh colour greenish-
yellow, not very juicy, only moderately acid. Tree
of medium vigour and size, strongly overbearing,
thornless; foliage dark green; highly productive”.
Above all, its specific flowering abundance and
frequency, the elongated shape and persistence of
the fruit, and the deep green coloration of the canopy
are all positive traits contributing to increasing the
attractiveness of this cultivar for ornamental use.

Other frequently used lemon cultivars belong
to the Femminello Group of lemon, which is the
most important lemon group in Italy. They grow
vigorously and are of moderate size at maturity.
The trees tend to have few thorns and flower and
set fruit throughout the year. There are a number
of named selections within the Femminello Group
and fruit characteristics vary with the selection
(Hodgson, 1967). From a genetic point of view,
some of them are considered very close to each other
(Gulsen and Roose, 2001). For ornacitrus, the most
utilized selections are: ‘Femminello Carrubbaro’,
‘Femminello Quattrocchi’ and ‘Femminello
Zagara Bianca’. The first two selections are both
with a dense canopy and a characteristic cluster
fructification with a great aesthetic value, the last
one is appreciated for the large flower size and the
abundant and early fructification, as well as for
a certain tolerance to the “Mal secco” disease
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Figure 1. Citrus mitis: widespread because of its flexibility in terms of different plant shapes, ranging from small to

large, and from potted to trellised trees

(Phoma tracheiphila (Petri) Kantsch. et Gick.)
(Recupero, 2009).

The calamondin (Citrus madurensis Lour. or
mitis Blanco) is also considered an interesting
ornacitrus for its everblooming habit, early and
abundant fructification, easy propagation and cold-
resistance. The tree form is erect, slender, densely
branched, and the leaves are small and dense,
giving the tree a decorative appeal. The fruits are
very small, round, and orange at full maturity. The
calamondin is widely used as an ornamental also
in Florida and California, where a variegated form
‘Peters’, with marbled leaves and faintly-striped
fruit is cultivated (Morton, 1987). In Sicily, it is
currently considered one of the most successful
species in the sector (Fig. 1), even if it suffers from
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the lack of fruit in the peak demand periods (April-
May). To overcome this problem, a partial solution is
to apply forcing techniques based on the imposition
of a strong summer stress followed by irrigation
(Calabrese and De Michele, 1995). Furthermore,
calamondin shoots tend to bend under the weight of
the fruit, with the consequent loss of aesthetic value
(Recupero et al., 2003a).

The genus Fortunella, i.e. kumquats, is
particularly prized for the cold-hardiness, the
abundant bloom and the well-balanced and
persistent fructification. F. hindsii (Champ.) Swing.,
F obovata hort. Ex Tan. and F. margarita (Lour.)
Swing. are the most used species (Fig. 2). The
F. hindsii species is valued for the early maturation of
its very small fruits, brilliantly coloured, subglobose,

Figure 2. Fortunella spp. are strongly requested due to their ability to simultaneously bear fruits and flowers
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virtually inedible fruits and the small size of the
plant (Hodgson, 1967), while the most widespread F.
margarita species (Nagami Kumgquat), is prized for
the abundant and characteristic summer flowering
(July). The fruits mature in late winter, holding well
on the tree.

The commercial interest of the ornacitrus
nurseries is focused on the production of market-
driven particular plant features such as the
appearance of the fruit, its shape and colour,
or morphological anomalies that usually create
curiosity and interest. This last aspect is the case
with the Buddha's Hand citron (Citrus medica L.
var. sarcodactylis (Hoola van Nooten) Swingle),
very popular in home gardens for the characteristic
shape of the scented fruit, which is split into
a number of finger-like sections. However, this tree
is very sensitive to frost, defects in the quality of
the crown, and is easily affected by specific pest
diseases (Sottile and De Pasquale, 2012).

A multitude of forms, colours, and leaf
morphologies can also be found within the large

family of the sour orange (C. aurantium L.),
bergamot (C. bergamia Risso e Poit.), chinotto
orange (C. myrtifolia Raf.), lime (C. aurantifolia
Christm. Swingle), sweet orange (C. sinensis (L.)
Osbeck), clementine (C. clementina Hort. Ex Tan.),
citron (C. medica L.), etc. As a whole, this diversity
has contributed to enlarging the market supply by
the industrially managed nurseries (Fig. 3A-E).
A survey carried out on the web-sites of some of
the major Italian ornacitrus nurseries allowed to
ascertain a minimum of 12 and a maximum of 20
different species listed in the catalogues. Among
the lemons, the variation observed is of a minimum
of 7 genotypes and a maximum of 64, including
alot of cultivars usually adopted for commercial fruit
orchards. After the lemons, the highest diversity is
registered for bitter and sweet oranges, accounting
for 15 and 20 different varieties or selections in the
average, respectively. Calamondin and Fortunella
spp. are widely diffused as very small trees adopting
the smallest pots, whereas grapefruits and citrons,

Figure 3. A representation of the genotypes most commonly used as ornamentals in the citrus nurseries: Citrus medica
var. sarcodactylis (A), the Chinotto orange Citrus myrtifolia (B), the ‘Lunario’ lemon (C), the red lemon ‘Limone

Rosso ISA’ (D), the ‘Basil Leaf” Citrus aurantium (E)
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being the tallest trees up to 3 meters high, require
large pots.

Many recent breeding programmes have
promoted the development of new citrus accessions
for ornamental use with different fruit forms, plant
morphology, fragrance and colours. Most of them
are of hybrid origin [e.g. ‘Red Lemon (‘Limone
Rosso’) ISA’] or are derived from interspecific
crossbreeding (e.g. ‘Reale’), and sometimes with
different ploidies (Recupero et al., 2001; Recupero
et al. 2003a; Recupero et al., 2003b; Reforgiato
Recupero et al., 2005; Recupero et al., 2015; Dos
Santos et al., 2015; Dutt et al., 2016). ‘Reale’ is
atriploid hybrid derived from ‘Monreal’ clementine
x  Fortunella hindsii 4x, and is considered of
ornamental value as potted tree for its continuous
blooming and early fructification. The canopy is
compact and its thorns are short and thin. The foliage
is more like that of kumquat than clementine. The
fruit is small (< 15 g), yellowish and obovoid, and
persistent on the tree. 'Red Lemon ISA’ is a lemon
hybrid of unknown origin. The tree is of medium
vigour, with a globose canopy and not very spiny
branches, of medium re-flowering. The flowers are
white, medium perfumed, single or in small groups.
Fructification is early and medium abundant. The
fruit is large, very persistent, ellipsoidal, with
a large apical nipple and an intense, attractive
anthocyanic red colour on 70-80% of its surface
when ripe.

‘Amoa 8’ is a hybrid between ‘Moro’ orange
and ‘Avana’, mandarin, created at the CREA-OFA
research station in Acireale (Sicily), as were the
afore-mentioned ‘Limone Rosso’ and ‘Reale’. The
tree, early bearing, has moderate vigour and is
prized as ornacitrus for the brightly coloured fruit
contrasting with the bright green leaves (Recupero
et al., 2015).

Great interest has been recently shown in a group
of similar citrus relatives, i.e. Microcitrus spp., and
specially in Microcitrus australasica (F. Muell.)
Swingle (Australian finger limes). The finger lime
tree is characteristically very thorny. It has shorter
internodes than conventional citrus cultivars, with
thorns as long as the leaves at every node. Apart
from their aesthetic value as ornamentals, finger
limes have become popular and command high
prices as a specialty crop, and have been marketed
as “citrus caviar” (Dutt et al., 2017).

The most utilized rootstocks for ornacitrus are
currently the Volkamer lemon (C. volkameriana
Ten. e Pasq.) or Alemow (C. macrophylla Wester),
since they are both able to improve vegetative

development and the number of fruit per tree
(Recupero et al.,, 2001; Recupero et al., 2003a;
Recupero et al., 2003b), whereas the sour orange,
whose use was prominent in the past, has been
discontinued due to its susceptibility to CTV
(Citrus Tristeza Virus) and MSD. Trifoliate orange
(Poncirus trifoliata (L.) Raf. is commonly used as
a stock for ornamental citrus and in home orchards
for dwarfed trees (Kester, 2002). In Sicily, it has
been used mainly for kumquat and calamondin
(Recupero etal., 2000) and so has, to a minor extent,
its mutant Flying Dragon, which is considered
decidedly dwarfing (Mademba et al., 2012). Other
rootstocks such as Citrumelo Swingle, Citranges
(Troyer and Carrizo), Rough Lemon and Cleopatra
Mandarin are of minor importance.

Over the last few years, a number of citrus
rootstocks, mainly of hybrid origin, have been
created in breeding programmes and, as “recently
released rootstocks”, they must still be considered
under evaluation (Castle et al., 2016). In vitro
propagation has been reported as a viable alternative
(Carimi and De Pasquale, 2003) to the traditional
use of rootstock for the obtainment of own-rooted
plants. This technique could also be useful in case
of low rooting efficiency, such as in F. margarita
and F. obovata, or C. madurensis (Recupero et
al., 2003a; 2011). On the other hand, a rapid and
efficient citrus rootstock propagation system by
single node cuttings has been recently proposed and
successfully applied either for research materials or
for commercial nurseries (Bowman and Albrecht,
2017), with potential also for ornacitrus potted
plants.

PRODUCTION TECHNIQUES

The ornamental potted citrus plant is produced
in authorized nurseries structured in compliance
with the current regulations of the European
Union in order to prevent the introduction and the
diffusion of alien plant pests (Eschen et al., 2015).
The propagation material (seeds, scions, cuttings,
etc.) must be from certified facilities. The mother
plants are often grown in pots within screenhouses
and are generally renewed every 5 years in order
to avoid virus or phytoplasma transmission. This
material must comply with the general rules
currently applicable to the production of plants
for plantings. This includes the availability of
an adequate number of mother plants routinely
controlled by the regional plant protection services
by means of diagnostic molecular testing (i.e. PCR,
RT-PCR, qPCR) for viruses and viroids (Rizzo et
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Figure 4. Germinators are used to produce rootstocks
in case the self-rooting procedure is not effective due to
a natural low rooting efficiency

al., 2017). On the basis of the current legislation,
any finding of quarantine pathogens in a nursery
would involve the mandatory destruction of all the
plants. Currently, the Tristeza virus (CTV — Citrus
Tristeza Virus) represents a major concern since its
diffusion in commercial fruit production orchards
in Sicily (Davino et al., 2003), whereas the most
widespread viroid identified in Tuscan ornamental
citrus tree nurseries was CEVd (Citrus exocortis
viroid), frequently observed in C. x [imonia and
C. limon together with a high frequency of mixed
viroid infections (Rizzo et al., 2017).

Germinators, rooting trays with a heated bed
for mist propagation, acclimatization greenhouses,
shade-houses, potting machines, as well as
structures and equipment for packaging and
shipping, all represent the common equipment of
a nursery working in the industrial production of
ornamental trees in containers (Allegra and Zarba,
2015) (Fig. 4).

Starting at the end of December, the seeds for
rootstock production obtained from the mother
plants are germinated on benches under protective
structures. The plantlets (10-15 c¢cm in height) are
then transplanted into flexible nursery pots and
maintained until they reach the minimum size
(0.8-1.0 cm in diameter) for grafting, at about
15-18 months from germination. These seedlings
are then bark-grafted with the selected scions in
the late spring after the bark begins to slip and the
buds are opening, ensuring a tight contact between
the cambium zones. Volkameriana lemon (Citrus
volkameriana Ten. & Pasq.) and Citrus macrophylla
West. nucellar rootstocks are generally preferred,
when available, for their uniformity due to their
apomictic origin.

The grafted plant must be appropriately cared
for in a nursery for at least 24 months from
grafting before commercialization. Currently, the
search for advancing commercialization has given
rise to increased interest in the use of cuttings
for the production of C. limon, C. madurensis,
C. medica own-rooted plants. For this purpose,
the technique of intermittent mist-propagation can
be conveniently implemented with bottom heat
supplied by hot water tubing (Kester, 2002). For
best results in Sicily, leafy cuttings are obtained
from mother plants in July.

Another rapid technique, which today is
increasingly  widespread in  well-equipped
nursery structures, is represented by cutting-
grafts performed in April-May. It consists in
the application of the mist-propagation method
simultaneously to cuttings (Volkamer) and scions
(selected cultivar), in which the scion and the
rootstock are grafted together, and placed in a mist
bed so that the rootstock produces roots and the
graft heals at the same time (Fig. 5). This process is
completed in a period of 60-70 days and, therefore,

Figure 5. Recently, new procedures for rooting already
grafted vegetative portions have been established for
many species
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is notably less time-consuming than the traditional
“seed — seedling — grafting” technique (Kester,
2002).

For both own-rooted and cutting-graft plant
production, a dipping with a root-promoting
compound (mostly IAA and NAA-based products)
is profitably adopted.

The successful application of these procedures
has conveniently shortened the production cycle of
fruit-bearing ornamental citrus plants to only 18-
24 months. Nevertheless, it depends on multiple
factors:

— control of the relative humidity (RH) not below
80-90% inside the frame;

— the choice of an optimal rooting substrate (peat
and perlite 1:1 v/v);

— a basal temperature of the bench not below
20°C;
— the proper application of root-promoting

compounds at the base of the cutting (Blythe et
al., 2007).

Other advantages obtained by excluding
the sexual propagation of the rootstock include
greater uniformity of plants. Furthermore, since
the production cycle is shorter, a more flexible
adaptation to changing market demand is
achievable.

The ideal model plant is grown in a round pot of
suitable volume (4 to 20 litres) and with a spherical
canopy (“globe”) inserted on a short (15 to 30
cm) main trunk with three to six (typically four)
major branches. Nevertheless, small quantities of
ornacitrus with other shapes are also produced:
pyramid-shaped canopies at various heights,
trellises of various sizes with one or more plants

and bushes (Fig. 6). Generally, for shipping reasons,
the height is limited to 2 metres or less.

Additionally, a small ornamental citrus tree
must be generally trained in such a way as to have
the following characteristics (Crescimanno and
Sottile, 2007):

rapid growth during the first year in order to
reach soon the size for grafting

— rapid creation of a dense canopy, early bearing
and with persistent fructification

— overlap between blooming and fruiting period

— regular architectural characteristic of the
scaffold

— adequate root size in a shapely light pot, easily
transportable (Fig. 7).

These objectives are generally achieved through
appropriate training of the young trees. Pruning
during the growth flush is aimed at obtaining
the selected tree shape without interfering with
early fructification. The first severe pruning is
carried out when the root structure is sufficiently
developed and well balanced with the canopy.
Once the desired tree scaffold has been obtained,
a series of light prunings, together with adequate
mineral nutrition and the use during the cold season
of gibberellin-biosynthesis inhibitors, are applied in
order to promote blooming. From the onset of the
blooming period until the end of the physiological
fruit-drop, any additional pruning is avoided. In
order to improve first flower bud formation, the
application of plant growth regulators (PGRs)
such as paclobutrazol has often been suggested for
adult bearing trees (Martinez-Fuentes et al., 2013;
Tadeo et al., 2008) or for nursery trees (Le Roux
and Barry, 2010). These PGRs, however, aside

Figure 6. Differently shaped ornacitrus for high value productions
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Figure 7. The most common pots used for producing an ornamental citrus plant at the end of their production process,

ready to be sold in the market

from not always being effective and not always
having the same effect, have a particularly slow
effect in citruses, which lasts over time and often
negatively influences the vegetative growth while
simultaneously also compromising the enlargement
of the fruit (Horvath, 2009). In Italy, the use of
paclobutrazol or prohexadione-calcium (ProCa)
is allowed in the ornamental sector but not in the
citrus production for direct consumption. However,
nurserymen are using this kind of PGRs to reduce
vegetative growth and promote abundant flowering
in spring, and to advance early bearing (Recupero
et al., 2003a). In any case, this application requires
special attention when considering that ornacitrus
could bear edible fruits.

The quality of the pot contributes to improving
the appeal of the plant. The choice of the pot should
be made considering the market demand, the ease
of transportation, and also the desired marketable
size of the potted tree, trying to reduce re-potting
operations to a minimum. Currently, the most
common container is a round pot, 20, 18 or 15 cm in
diameter, of rigid polypropylene or polyethylene, of
a ‘terracotta’ colour. Nevertheless, some advantages
for the in-nursery management and the packaging/
transport phase could be offered by smaller-sized
containers (NeSmith and Duval, 1998).

The substrate composition is critical for
the quality of potted plants. The most utilized
components for growing medium are peat moss,
perlite, coir, vermiculite and limestone. Some
nurserymen have used in recent years mixed
substrates inoculated with mycorrhizae (Glomus

intraradices) (Ortas and Ustuner, 2014). A general
mixture composed of peat moss, coir and compost
(2:1:1 v/v/v) is largely adopted. Some recent studies
have reported many other components positively
affecting the growth and weight of citrus potted
trees (Torrisi et al., 2004). The best substrates
provide a balanced relationship between C and
N, and a sufficient water retention capacity. It
should be considered that any substrate offers its
best performance during the first 10-12 months
of cultivation in a container. For this reason, it
has become a common practice to renew part
of the substrate by partial periodic reintegration
in the container. The factors that influence root
growth in containers to achieve optimal benefits
from container production together with selection
criteria for an appropriate nursery substrate have
been comprehensively reviewed by Mathers et al.
(2007).

The water-mineral needs of the potted trees vary
according to the phenological phase. Deficiencies
or excesses of mineral nutrients can irremediably
damage the plant mostly in terms of foliage colour
and brightness (Srivastava, 2012).

The amount of water per application will
depend on pot size, plant size, substrate humidity
and, overall, plant physiological phase. In Sicily,
ornacitrus nurseries apply irrigation daily from the
end of March to mid-November and every other day
in the other part of the year. Bearing potted trees are
watered by using a drip irrigation system equipped
with 20 1 h! drippers applying on average 10 1 d!' of
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Table 1. Amount of minerals (g dm~) used in fertigation during two different phases of the annual production cycle in

Sicilian nurseries

N P K Ca Mg Zn Mn Fe
Vegetative phase 491 1.00 3.75 2.70 1.00 0.11 0.16 0.16
Reproductive phase 3.94 1.00 4.14 1.63 1.21 0.11 0.16 0.16
water solution (including minerals) (Sottile and De ~ Phyllocnistis  citrella  Stainton  (Lepidoptera:

Pasquale, 2012).

The mineral nutrient management has to be
related to the substrate and to the irrigation water
used. According to Zekri and Koo (1992), Mathers
et al. (2007) and Recupero et al. (2001) fertigation
is the best fertilization system also for ornamental
citruses and slow-release fertilizers (SRFs) and,
in the case of top-dressing, controlled-release
fertilizers (CRFs) are the predominant types
of fertilizer used in container production. The
quality and the chemical composition of the water
used for irrigation must be carefully monitored
before adding minerals for fertigation in order to
regulate electrical conductivity (EC). Citrus plants
are very susceptible to the salinity of the nutrient
solution (Levy et al., 1980). Leaf injury, growth
suppression and yield decline are the most common
symptoms of an osmotic stress able to determine
a negative effect on the metabolic process in the
cell (Al-Yassin, 2004). Mumtaz Khan et al. (2006)
reviewed the best EC values in growing substrate
for potted citrus trees ranging from 0.63 to 1.56
dS m?, also evidencing that values above 3.5
dS m? could negatively affect seedling growth.
Thus, when the water's EC exceeds 0.5 dS m, an
inverse osmosis treatment is conveniently applied
in order to eliminate excess elements before
watering (Argo and Biernbaum, 1996). To this end,
usually the water EC is continuously monitored in
real time.

The applied nutritional protocols are
fundamental for determining the correct balance
between vegetative growth activity — indispensable
for obtaining a dense, consistent and luxurious
crown — and the consequent reproductive phase
that must provide an abundant bloom, persistent
fruit and contemporary blooming and fruiting
(Saleem et al.,, 1995). The most widespread
protocol currently adopted in the Sicilian nurseries
is shown in Table 1. The number and the duration
of the interventions varies according to the plant
container size, the environmental conditions, the
substrate and the phenological state of the plant.

As far as pest management is concerned, Sicilian
citrus nursery growers consider the citrus leafminer

Gracillariidae) and the citrus mealybug Planococcus
citri (Risso) the most important pests in citrus
nurseries (Conti et al., 2006).

THE GROWING ENVIRONMENTS

In Sicily, on the northern coastal lines, where the
ornacitrus nurseries are mostly located , plant
production can be easily managed outdoors, without
any particular crop protection, but a great part of the
major nurseries usually prefer to manage the entire
growth cycle in a protected environment. This
will avoid aesthetic defects that could negatively
affect the final quality and the economic value of
the product. Furthermore, by adopting specific
covering techniques, it is possible to better manage
the cold season, even without artificial heating.

The most widely used protective structures can
be grouped into two different kinds: permanent anti-
hail nets and plastic film for the coldest seasons,
which are partially removable, mechanically or
manually. These production environments are
quite different, depending on the growth phase.
Firstly, it is preferred to use a covering with a 50%
shading net, which, in combination with adequate
fertigation, improves tree growth and protects the
plants from any risk of hail. In the final phase of
the growth-cycle, the plants are transferred to
greenhouses mainly covered with glass and with
automatic opening systems for the ridge and the
side walls in order to control humidity and regulate
the temperature. The ideal growth temperature
fluctuates between 24 and 28°C on average during
the growth and flowering phase. It falls to an average
of 10-15°C during the winter, which is usually quite
mild in the production areas. In the summer, the
temperature can reach high values (30-35°C). The
relative humidity must be maintained between 50
and 70% to avoid fungal diseases. In some high-
tech greenhouses, a fog system is automatically
activated when the humidity falls below threshold
values (Sottile and De Pasquale, 2012).

In order to avoid the transmission of diseases,
especially those affecting the roots (Poole et al.,
1981; Aryantha et al., 2000) and in accordance
with the current legislation, a complete non-
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woven fabric mulch covered with a 5-8 cm layer
of medium-grade gravel to isolate the tree pot from
the soil is generally adopted. It should also be said
that in some cases the adoption of smooth concrete
platforms represents the simplest alternative
(Nambuthiri et al., 2015).

CONCLUSIONS

The world of the ornacitrus production is now
entering a new era characterized by an increasing
industrial high-tech system. This industry is now
addressed towards new interesting markets which
may be quite far from the production areas. Transport
logistics continues to be in a developmental phase.

The production of ornacitrus in Sicily still
presents strengths and weaknesses. Thus, the
ongoing research and the improvement of shipping
methods may help to increase the economic results.
As a whole, an effective contribution may still be
offered by the refinement of modern techniques of
propagation (cuttings or cutting-grafts) that, aside
from contributing to a greater uniformity of the
product, sensibly reduce the production time and
consequently increase the production efficiency.
Further improvement is expected through the
refinement of the aspects related to breeding,
irrigation, mineral fertilization, substrate and
container material (e.g. compostable compounds).

Special attention must be paid to the theme
of sustainability due to high environmental costs
deriving from the massive use of PGRs, pesticides
and minerals. This aspect cannot be underestimated,
especially in consideration of the possible fruit
consumption at purchaser level. To this end, the use
of specially developed certificates that have been
recently introduced by some nurseries with regard
to safe, clean and sustainably cultivated products
must be further encouraged.

It should, however, be again emphasized that the
production and management techniques described
in this review regard the Mediterranean coastal
areas with a tropical or subtropical climate.
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