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Abstract

This paper presents data on citrus fruit cultivation in Croatia and its major production areas, data on plant ma-
terial production: species, rootstocks and cultivars, plantation area, pests and diseases and on the trade balance
of fresh- and dry produce. Regarding the national fruit production area, citrus fruits come sixth with a total of
1,885.60 ha:mandarin 1,816.67 ha, (96.34%), lemon 33.47 ha (1.78%) and orange 33.39 ha (1.77%). Accord-
ing to the plant material production data, the most common rootstock is poncirus (Poncirustrifoliatal., Raf.)
with a share of 95.43%. The most common mandarin cultivars are ‘KowanoWase’, ‘Chahara’, ‘Zorica’,
‘Owari’, ‘Okitsu’. Mediterranean fruit fly, grey citrus scale, citrus whitefly and citrus red mite are the most
harmful citrus pests in Croatia, while graft-transmissible diseases, anthracnose, green and blue mould are ma-
jor diseases. Republic of Croatia is the exporter of mandarin fruits and importer of orange, lemon and grape-

fruit fruits.
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1. Introduction

Several species of the Citrus genus are grown in
the Republic of Croatia: mandarin (Citrus re-
ticulata Blanco, Citrus UnshiuMarcovitch, Cit-
rus deliciosa), orange (Citrus sinensisOsbeck),
lemon (Citrus limon L.), grapefruit (Citrus par-
adisiMacf.), bitter orange (Citrus aurantium L.),
pomelo (Citrus grandis L.) and citron (Citrus
medica L.). Genus Poncirus is also important
since its species Poncirustrifoliata L., Raf. is
regularly used as a rootstock for the cultiva

tion of citrus species, due to its winter hardiness
[29, 26]. Kumquats from the Fortunella genus
are grown to minor extent: only few hundred
plants as decorative trees in pots [13].

The possibility of cultivation and the dispersal of
individual citrus species have been determined
by local eco-physiological conditions, in particu-
lar the frequency, duration and intensity of low
temperatures [1, 22, 12]. The production area of
citrus fruits in the Republic of Croatia is situated
at the northern border of the subtropical belt (the
43rd parallel north), which limits the sustainable
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cultivation of most citrus species except Satsu-
ma mandarins budded onto Poncirustrifoliata
rootstock [29, 1, 17].The introduction of Japa-
nese mandarin Satsuma and the Poncirus root-
stock in the coastal Adriatic region was largely
promoted by Bobanovi¢ at the beginning of the
1920s [4]. The cultivation of Japanese Satsuma
varieties (Unshiu) began in the 1930s, with the
more intensive expansion from the 1960s [1].
Satsuma- group of cultivars has become the
most commonly grown mandarins in Croatia,
due to their winter hardiness (they can withstand
shortercold periods of up to -10 °C), [17]. In
terms of fruit ripening, the following cultivars
are to be distinguished: very early cultivars:
‘Ichumare’, ‘Wakiyama’ ‘Zorica’ (Croatian
cultivar, vegetative mutant of ‘KowanoWase”)
and ‘Chahara’,early cultivars: ‘Okitsu’ and
‘KowanoWase’, mid-season cultivars: ‘Saigon’,
‘Kuno’and‘Seto’, and late cultivar ‘Owari‘[25].
Other citrus species (lemon, sweet orange, bitter
orange, grapefruit, citron) have been cultivated
for centuries, but at very limited scale in the
protected locations of particular monasteries,
castles, mansions and gardens. Unlike Satsuma
mandarins, there are no intensive plantations in
Croatia, since these species are less resistant to
low winter temperatures [1].

The objective of the paper is the analysis and
presentation of the citrus planting material pro-
duction, fruit plantations, difficulties and risks
related to diseases and pests, national citrus
trade balance, and the proposal of measures to
improve the citrus fruit sector.

2. Material and methods

Source of information: database of the Croatian
Centre for Agriculture, Food and Rural Af-
fairs/Institute for Seed and Seedlings, Institute
for Plant Protection, and Institute for Pomology
[13], Croatian Chamber of Commerce [7], Pay-
ing Agency for Agriculture, Fisheries and Rural
Development (Paying Agency) — LPIS [24], and
Central Bureau of Statistics [5].Input and data
processing, analysis and graphical analysis of
the results were carried out in Excel 2010.

3. Results and discussion

3.1. Planting material production

A total number of 1,494,010 citrus plants were
produced in the nineteen-year period (1999-
2017) in the Republic of Croatia. Annual pro-
duction of planting material ranged from 38,765
to 138,912 plants. The average annual produc-
tion of fruit plants amounts to 78,630 citrus
plants. In addition, the Republic of Croatia an-
nually imports about 5,000 citrus plants: manda-
rins> lemons>oranges> grapefruit [13].The most
common species in the planting material produc-
tion is mandarin (758,797), followed by lemon
(500,927), orange (188,212) and grapefruit
(46,074), (figure 1). The most commonly pro-
duced rootstock is Poncirustrifoliata, with a
share of 95.43% (data not shown). When it
comes to the category of plant material pro-
duced, in the first seventeen years the only cate-
gory was CAC (ConformitasAgrariaCommunita-
tis) ie reproductive planting material and plants
that met the minimum requirements specified for
this category. In the last two years, the share of
certified planting material was 12.5% (in 2016)
and 21.2% (in 2017).
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Figure 1: Total number of citrus seedlings produced in the Republic of Croatia in the nineteen-year period

(1999-2017) and percentage (%) of each species

The most commonly produced mandarin was the
‘Chahara’cultivar (30.5%) followed by the Croa-
tian cultivar ‘Zorica’ (16.1%). The share of the
latter in the last five years was ranging between
20 and 25%, with a tendency of growth. The
most represented early cultivars were ‘Okitsu’
and ‘KowanoWase’, while the most represented
mid cultivar was ‘Saigon’. The interest for the
very early Satsuma mandarin cultivar ‘Ichu-
mare’ has been increasing during the past ten
years, as well as the production of plant material
and the plantation area. In addition to Satsuma-
group of cultivars, the clementines (Citrus clem-
entina Hort. ex Tan) have been produced,
whereby the share in the production of plant
material has increased from 4,7% to 11% over
the past decade. In other citruses the most com-
monly produced cultivars in terms of plant mate-
rial were as follows: orange: ‘Washington Na-
vel’ (66.3%); lemon: ‘Meyer’ (46.7%) and
grapefruit: ‘Natsumikan’ (72.7%), [13].

The selection of citrus cultivars in the Republic
of Croatia is characterised by old cultivars. In
mandarin, the most important citrus species, for
more than half a century there has been no pre-
introduction- or introduction process to revital-

ize the variety range with the new, economically
valuable cultivars. In addition to the need to
establish the pre-introduction of varieties, it is
also necessary to test new rootstocks, seeing that
poncirus is currently represented by more than
95%. Besides its positive characteristics (winter
hardiness, CTV-tolerant) it also has some limita-
tions: insufficient tolerance to Phytophthora and
the response to the type of soil (chlorides and
calcium). The production of plant material is
mainly at the level of the CAC category (mini-
mum conditions) in the open fields and often in
the areas of intensive citrus production, which
increases the risk of plant material infections.

It is necessary to work on the improvement of
the health status of the planting material (the
certification) of the most important Satsuma
group (‘Chahara’, ‘Zorica’, ‘Ichumare’, ‘Okitsu’
‘KowanoWase’, ‘Saigon’) and to have the pro-
duction of planting material in nethouses and
greenhouses, as well as in isolated areas outside
the commercial citrus plantations.Phytosanitary
status of plants in nurseries and production plan-
tations is high on the priority scale [10].

3.2. Production plantations
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According to the Paying Agency for Agriculture,
Fisheries and Rural Development (Paying Agen-
cy)-LPIS /Land Parcel Identification System/
[24], there are 1,124,102 ha of agricultural land
recorded in the ARKOD system in the Republic
of Croatia. The share of fruit orchards in the
total agricultural land area amounts to 2.31%,
citrus fruits 0.17%, nuts 0.49%, mixed perma-
nent crops 0.19% and olive groves 1.60%. There
are 1,885.60 ha of citrus plantations registered in
the LPIS: mandarin 1,816.67 ha (96.34%), lem-
on 33.47 ha (1.78%), orange 33.39 ha (1.77%)
and other species/grapefruit, hybrids/ 2.06 ha
(0.11%), (figure 2). The disproportion between
the large number of produced lemon seedlings
(fig 1) and ha plantations under lemon is due to
the fact that most seedlings are planted and
grown in pots (hobby cultivation). The most

common rootstock in the production plantations
is P. trifoliata (95.23%), followed by C. au-
rantium, C. reshni (Cleopatra), C. volkameria-
na, Troyer Citrange and C. sinensis(data not
shown). The five most frequently cultivated
mandarin cultivars are ‘KowanoWase’ (25.3%),
‘Zorica’(21.3%), ‘Chahara’ (21.1%),
‘Owari’(10.4%) and ‘Okitsu’(8.2%). The most
common orange cultivar is ‘Washington Navel’
(80.9%) while the most cultivated lemon cultivar
is ‘Meyer’ (58.4%). When it comes to produc-
tive areas of permanent crops (excluding olives
and grapevines), citrus fruits come sixth (apple,
plum, walnut, hazelnut, sour cherry, citrus
(mostly mandarin), peach, sweet cherry, pear,
...). The most productive citrus growing area is
located in the Mediterranean part of Croatia in
the Dubrovnik-Neretva County (97.93%).
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Figure 2: Citrus production plantations: presentation

(2018)

According to the data of the Central Bureau of
Statistics [5]for the period 2000 — 2016, the area
of orange and lemon plantations has been de-
creasing, while the area of mandarin plantations
has been increasing. The same trends are evident
in the volume of fruit production of these spe-
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cies, CBS, 2018 [5]. The average annual produc-
tion of mandarin fruit in the Republic of Croatia
in the seventeen-year period was 34.8 thousand
tons, of which 54% was exported. The share of
exported mandarin fruit augmented to 64.2% in
the last ten years (30.70 thousend tons annual-
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ly).According to ten-year production data for
small citrus fruits (Clementins, Satsumas, Man-
darins) Croatia is in 4" place in EU with an av-
erage production of 44.21 thousend tons (Euro-
stat 2021), followed by slightly smaller produc-
ers: Cyprus, Portugal and France[14]. The pro-
posal of measures to improve the citrus sector
should include more components: sector of
nursery [10,30], technology of production [6,18]
and sustainable fertilization/production and en-
vironmental protection [19].

3.3. Citrus pests and diseases

The occurrence of citrus pests in Croatia is typi-
cal for the Mediterranean Basin and it shares
many similarities with the other Mediterranean
countries. Mediterranean fruit fly (Ceratitiscap-
itata) is currently the most important pest of
citrus fruits in the Neretva Valley, the main cit-
rus-growing area in Croatia [2]. Sterile Insect
Technique (SIT) is developed as a method for C.
capitata control in the Neretva Valley [3]. In
certain locations of Southern Dalmatia where
SIT nor chemical control measures are applied,
up to 100 % of citrus fruit attacked by Mediter-
ranean fruit fly can be recorded in some years.
Citrus whitefly (Dialeurodescitri) is widespread
in all citrus-growing areas in Croatia and is an
important pest in the country [31].Citrus leaf
miner (Phyllocnistiscitrella) is not considered as
a major pest, but the attacks in young orchards
and in nurseries can be relatively severe. Thrips
damage on citrus fruits can be observed sporadi-
cally in certain seasons and on particular loca-
tions. Thrips major, T. tabaci and T. meridional-
is are found to be the most common species
occurring on citrus [27]. Aphids occurs regularly
in all citrus-growing areas. Aphis spiraecola, A.
gosypii and Toxopteraaurantii are species rec-
orded on citrus crops [11]. Scale insects are by
far more important citrus pests in Croatia than
thrips and aphids. Totally 18 species belonging
to Coccidae and Pseudococcidae have been
identified on citrus plants [20]. Grey citrus scale

(Coccus pseudomagnoliarum) is regarded as the
most damaging [21]. High populations of citrus
red mite (Panonychuscitri) are especially evi-
dent in extremely hot and dry summers, which
have become more often during the last decade.
Citrus bud mite (Aceriasheldoni) and pink citrus
rust mite (Aculopspelekassi) also occur [23], but
are of minor importance.

Citrus diseases in Croatia are generally less stud-
ied than citrus pests and it is hard to estimate
their economic impact on citrus production. One
of the major constraints of citrus production
improvement in Croatia is a lack of virus-free
planting material. Among graft-transmissible
pathogens, Citrus tristeza virus (CTV) is known
to be widespread in all citrus-growing regions in
Croatia. As CTV-tolerant poncirus (Poncirustri-
foliata) is practically the only citrus rootstock
used in Croatia, symptoms of CTV infections
mostly remain latent, despite the presence of
severe stem-pitting, seedling yellows and re-
combinant CTV strains [9]. Citrus exocortis
viroid (CEVd) is associated with bark cracking
and bark shelling symptoms on P. trifoliata,
visible especially in older orchards in the
Neretva Valley [28]. Green mould (Penicillium-
digitatum) and blue mould (P. italicum) are re-
garded as the most important fungal diseases.
Black rot (Alternariaalternata), anthracnose
(Colletotrichumgloeosporioides) and grey mould
(Botrytis cinerea) were also recorded on citrus
fruits [16]. Anthracnose caused by C. gloeospor-
ioides seems to be a re-emerging disease of in-
creased importance in Croatia during the last
decade [15]. Septoria leaf spot (Septoriacitri) is
relatively common, but of very minor im-
portance. Gummosis and foot rot caused by Phy-
tophthora species are present and restricted to
particular localities [8]. Mal secco (Phomatra-
cheiphila) and citrus stubborn (Spiroplasmaci-
tri), present in other Mediterranean countries,
have never been confirmed in Croatia.

3.4. National trade balance of fresh-
and processed fruit
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An analysis of exports and imports of fresh or
dried citrus fruit was made based on the twelve-
year data of the Croatian Chamber of Commerce
(2005-2016)[7], in respect to customs tariff CT-
0805 (mandarin/clementine, orange, lemon,
grapefruit, lime, other fresh or dry citrus fruit).
The analysis includes the calculation of the vol-
ume (t) and the respective financial values (US
$) for the mentioned products being exported
from or imported into the Republic of Croatia.
Figure 3 indicates that the Republic of Croatia
has a negative trade balance. The average annual
deficit taking into account all types of citrus
fruits is minus 16,120 t, which amounts to minus
20,627,177 US dollars (figure 4). It is indicated
in the introduction of the paper that the Republic
of Croatia has significant eco-physiological re-
strictions regarding the production of citrus fruit
(e.g. the intensity and frequency of negative
winter temperatures), determining the possibility
of citrus cultivation - in our case the Satsuma
mandarin. The mandarin makes up 97.3% of the
volume of citrus export (t), which corresponds to
96.2% of the export value (US $). Mandarin has
been exported to the countries of Central and
Western Europe, and to Russia (prior to the re-
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cent trade embargo). The average export price of
mandarin is US $ 689.4 per tonne. The produc-
tion-consumption balance shows the self-
sufficiency of mandarin. However, the external
trade balance in citrus fruits over the last twelve
years is negative due to the prevalent imports of
other citrus species (orange, lemon, grapefruit,
lime) and mandarin outside national production
season.

Orange is the most commonly imported citrus
fruit (54.2%), followed by lemon (22.4%) and
mandarin (10.3%). The remaining 13% compris-
es of grapefruit, lime and other fresh or dried
citrus fruits under CN 08059000. The average
value of all citrus fruits imported is US $
863.66/t, owing to an average import price of
lemon of US $ 1,076.7/t. In the future, the Re-
public of Croatia will maintain the status of net
importer of these citrus species, since it has no
possibility of significantly affecting the eco-
physiological conditions that currently inhibit
the sustainable production of orange, lemon and
grapefruit. Unlike other species, mandarin, pri-
marily Satsuma mandarin, remains our product
that is recognized and widely accepted by con-
sumers in many countries of the region.
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Figure 3: Volume of exported and imported fresh and dry citrus fruits (CT-0805) in t

Data source: Croatian Chamber of Commerce
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Figure 4: Value of exported and importedfresh and dry citrus fruits (CT-0805) in US$

Data source: Croatian Chamber of Commerce

4, Conclusions

A selection of citrus fruit cultivars in the Repub-
lic of Croatia is characterised by very old culti-
vars, and of predominantly the CAC plant mate-
rial category (low health status). It is necessary
to carry out the pre-introduction- and the intro-
duction procedures of the new citrus cultivars, in
particular mandarin, and to include such Satsu-
ma cultivars in the certification process which
have so far proved to be economically valuable
(‘Chahara’, ‘Zorica’, ‘Okitsu’, ‘KowanoWase’,
‘Saigon).

Based on the results of the pre-introduction and
introduction trials, it is necessary to gradually
introduce new mandarin cultivars, and to use
certified planting material as well as modern
cultivation technologies including irrigation
technologies that have to this point been insuffi-
ciently applied.

Mediterranean fruit fly, grey citrus scale, citrus
whitefly and citrus red mite are the most im-
portant citrus pests in Croatia, while graft-
transmissible diseases, anthracnose, green and
blue mould are major diseases. Integrated pest
management in citrus crops is underdeveloped

and serious losses due to pests and pathogens
still occur.

Republic of Croatia is a net exporter of manda-
rin fruits and importer of oranges, lemons and
grapefruits. The production and consumption
balance shows the self-sufficiency of mandarin
production. However, the foreign trade balance
of the Republic of Croatia for citrus has been
negative for many years due to the prevailing
import of other citrus species for which there are
no favourable eco-physiological conditions for
the cultivation and sustainable production.
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