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This study was conducted to perform symptomological identification of Citrus Psorosis Virus (CPsV) in Northern Cyprus. This
is the oldest known citrus virus disease, which causes huge decrease in citrus fruits’ quality. The first symptoms of the disease
were found in Florida and California in the 1890s. The most important and well known symptoms of CPsV are dehiscence and
spalling of the trunk and branches of old trees. Chlorotic spotting and ringspot may also be caused on the leaves of infected
young trees.

There were reports not to kill the infected trees in the Mediterranean basin and America, but the disease leads to an important
reduction in yield and fruit quality in time. Recent available verbal information among the farmers in Northern Cyprus claims
that there is an increase in the symptoms of chlorotic spotting on leaves and spalling on tree trunks, which are thought to be
caused by CPsV. Grafting is a common management technique on citrus trees in Northern Cyprus, where most of the varieties
have been grafted on sour orange; and grafting is among the major ways of transmitting this virus, together with other me-
chanical practices.

The results of the present study showed that the virus disease in different citrus species and varieties of Northern Cyprus are
mostly symptomatic. In the current work, citrus orchards which showed disease symptoms were all recorded and a detailed
database was prepared for future molecular analyses. Thus, it is revealed that further molecular studies should be carried in
order to perform a scientific investigation into the presence of this virus disease in Northern Cyprus and prove it molecularly.
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CuMnToMaTU4YeCcKasi UAeHTUPHUKaALUA BUpPyca ICOPO3a LUTPYCOBBIX
(CPsV) B nuTpycoBbix cagax CesepHoro Kumnpa
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[les1b Mccliel0BaHUSA — IPOBEleHUe CUMIITOMATH4eCKOH HieHTHHKALMK BUpyca IIcopo3a uuTpycosbiX (CPsV) Ha CeBepHOM
Kumnpe. 3To crapeiee U3BecTHOe BUPYCHOe 3a60JieBaHUE LU TPYCOBBIX, KOTOPOE BbI3bIBAeT 3HAUYMUTEJNbHOE CHIPKEHUE Kaye-
CTBa LUTPYCOBBIX IJI0/{0B. CHMIITOMBI BIlepBble ObLIN 00HapykeHbl Bo Popuse u Kanupopuun B 1890-x romax. Hanbosee
BaXXHBIMHU Y XOPOLIO U3BECTHBIMU cuMnTOMaMu CPsV B/SI0TCA pacluenieHue 1 0TCI0eHHe KOPbI Ha CTBOJIAX U BETBSAX CTa-
PBIX AiepeBbeB. Ha IMCThAX 3apaXKeHHbIX MOJIO/IbIX JlepeBbEB TAKXKe MOIYT MOSABAATHCA XJI0POTHYECKHE NATHA U KOJIbLieBble
nATHA.

B oT4eTax co0611aI0Ch, YTO He CJIelyeT YHUUTOXKATh 3apaXkeHHble JlepeBbs B Cpeiu3eMHOMOPCKOM GacceiiHe U AMepHKe, HO
co BpeMeHeM 60J1e3Hb NPUBOAUT K 3HAYUTEIbHOMY CHIXKEHHIO YPOXKaHHOCTH M KayecTBa I/10/0B. [1o moc/ieJHUM CBe/IeHUsAM,
noJiydeHHbIM oT ¢pepMepoB CeBepHoro Kumnpa, HabuofaeTcss yBeJMuYeHHe CUMIITOMOB XJIOPOTHUYECKUX MATEH Ha JIMCThAX
Y CKOJIOB Ha CTBOJIaX JlepeBbEB, KOTOPbIE, KaK I10J1araoT, Bbi3aBaHbl CPsV. [IpuBUBKa AB/ISAETCA OOBIYHBIM arponpueMoM JJIst
LIUTPYCOBBIX JepeBbeB Ha CeBepHOM KuIipe, rie GOJIbIIMHCTBO COPTOB GbIIM MPUBUTBI HA KUC/IbIM alleJIbCUH; U IPUBUBKA
ABJIETCS O HUM M3 OCHOBHBIX CIOCOGO0B Iepe/jayy 3TOTr0 BUPYCa, HapsAAY C APYTMMH MeXaHUYeCKUMH METO/JaMHu.
Pe3y/ibTaThl HACTOSALLErO UCC/IE0BAaHUSA I0KA3aJI1, YTO BUPYCHOE 3a00/ieBaHUE Y PA3/IMYHBIX BU0B U COPTOB LIUTPYCOBBIX
CeBepHoro Kunpa B OCHOBHOM HOCUT CHMITOMAaTHYeCKUH XapakTep. B Xoze Tekyleld paboTbl BCe UTPYCOBBIE Ca/ibl, TAe
ObLJIM BBISBJIEHBI CUMIITOMBI 3a60J1eBaHUS, PETHCTPUPOBAJIM U NOATOTOBUJIM NOAPOGHYI0 6a3y AaHHBIX /s OYyAyLIUX MoJle-
KyJIIPHBIX aHA/JIU30B. TaKUM 06pa3oM, BBISBJIEHO, UTO HEO6XOAMMO IIPOBECTH JaJbHEHIINe MOJIEKY/IApHble UCCIe/J0BaHuUsA
JUI U3yY€eHHUsl HaJIMYMs 3TOr0 BUPYCHOro 3a6o/ieBaHusA Ha CeBepHOM Kumpe U joKa3aTb 3TO MOJIEKY/IIPHBIMU METOZAMM.

Kawueswle c108a: TUMOH, BHUDPYC, OﬁCJ’le,E[OBaHI/Ie, LUTPYCOBbIE, OTKaJIbIBAHHE KOPbI

BaazodapHocmu: aBTOPbI XOTeJIU Gbl BBIPA3UTh CBOIO 6/1aroJapHOCTb pepMepaM U IPOU3BOAUTE/ISAM NPOJLYKIUU LIUTPYCO-
BbIX 3a UX LIEHHY0 IOMOILb B ITpoliecce 0T60pa U OLIeHKU MaTepHaa.
ABTODBI 6/1ar0JapAT PELIeH3eHTOB 3a UX BKJIAJ, B 9KCIIEPTHYO OLIEHKY 3TOH paboThl.
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Introduction

Citrus species are among the most widely produced and
consumed fruit crops throughout the world. Citrus fruits are
highly appreciated by consumers, especially due to their rich
diversity of phytochemicals and high vitamin C (ascorbic acid)
content. These are the important reasons which rapidly in-
creased the demand for these fruits in the world markets. In
this study, symptomological observation of Citrus Psorosis Vi-
rus (CPsV) was carried out. This pathogen was for the first
time identified in the 1890s and was called psorosis. Bark
spalling was the first characteristic symptom of this pathogen
(Martin et al. 2002). There are differences in the degree of in-
fection between countries, especially in the Mediterranean
countries. For example, the spread of the disease in Italy is
higher than in other countries (Alioto etal. 2000). In the
1930s, this pathogen was defined as Psorosis A and B. After-
wards it was reported that other races were related to this vi-
rus (Galipienso, 2000). CPsV contains single-stranded ribonu-
cleic acid (RNA) and is present in all parts of the plant. The
psorosis disease, which is commonly spread all over the world,
does not cause quick decline and yield losses but leads to low
productivity and gradual disappearance of the tree. Virus dis-
eases can be detected and identified with serological, biologi-
cal and molecular methods. Serological tests, such as the en-
zyme-linked immunosorbent assay (ELISA), agar-gel spread-
ing reactions and precipitation reactions might be used for
detection and identification of viruses. Moreover, molecular
methods, such as hybridization, electron microscopy, dsRNA
electrophoresis and polymerase chain reaction (PCR), can also
be used (Clark, 1981; Luisoni, Boshia, 1994; Hull, 2002). When
genetic sequences became available, molecular detection and
characterization tests based on RT-PCR were also developed
for Citrus Psorosis Virus (Barthe et al., 1998; Legarreta et al,,
2000; Loconsole etal.,, 2009). Garcia etal. (1997) conducted
aresearch on detecting the citrus psorosis-ringspot virus by
RT-PCR and DAS-ELISA in 2003 in Italy. PCR and ELISA analy-
sis showed similar results in three isolates that were separate-

ly isolated. In another study, Reyes et al. (2011) tested the re-
sistance of transgenic sweet orange to CPsV in 2011 in France.
Symptoms of psorosis on infected trees were examined sepa-
rately as leaf, stem and branch symptoms. Results showed that
this transgenic sweet orange was resistant.

Typical damages of this disease were reported by farmers
in Northern Cyprus to be common and widespread on various
citrus species, where all of them were grafted on the sour or-
ange rootstock. Sour orange rootstocks are highly susceptible
to this virus. Since the sour orange rootstock is used in almost
all old orchards in Northern Cyprus, the symptoms can be
seen quite easily. As a solution to this problem, Troyer, Carrizo
and Volkameriana rootstocks, tolerant or resistant to this dis-
ease, started to be used in newly established gardens. Also,
previous studies showed that lemon species are more suscep-
tible to this virus than other species (orange, grapefruit or
mandarin). Moreover, mild stunting and yield reduction are
common in lemon, orange, mandarin and grapefruit orchards
of Northern Cyprus. Therefore, the present research was con-
ducted to symptomatically analyze the presence of CPsV in
different citrus species and varieties located in different plac-
es in Northern Cyprus. This study is the first one on this sub-
ject in Northern Cyprus, and it is important for the future in
terms of preventing the damage caused by the presence of
CPsV.

Material and methods

Orchard surveys and identification of symptoms

Orchard surveys in the present study were carried out in
2018 in various regions of Northern Cyprus over a total or-
chard area of 3,000 da. All of the citrus varieties surveyed in
the present study were grafted on sour orange rootstocks.
A total of 65 different citrus orchards (including 25 orange,
20 lemon, 15 grapefruit and 5 mandarin orchards) were se-
lected for studying the symptoms of CPsV. Regions, varieties,
tree ages and total numbers of trees are all presented in Ta-
ble 1 together with the sample numbers.

Table 1. Orchards surveyed during the symptomological observations of Citrus Psorosis Virus

Ta6smmua 1. 06¢c1ejoBaHHbIE CaAbl BO BpeMA CUMIITOMAaTHY€CKHUX Ha6J/II0eHul 3a BHPYCOM IICOPO3a HUUTPYCOBBIX

Sample No. | Region Species Variety Age Number of trees
01 Yesilirmak 55 200
Valencia
02 Giizelyurt 60 450
03 Lefke Shamouti 65 250
04 55 350
Yayla Valencia
05 60 400
06 Aydinkoy Shamouti 50 300
07 Bostanci Orange 55 150
Valencia
08 Giizelyurt 65 100
09 Shamouti 60 100
Aydinkdy
010 50 120
011 Valencia 60 150
Yesilirmak
012 55 250
013 Lefke Shamouti 55 100
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Table 1. Continued
Ta6smua 1. [IpogoxeHue

Sample No. | Region Species Variety Age Number of trees
014 60 200
Yayla
015 60 300
016 Akgay 50 250
017 Lefke 70 200
018 Giizelyurt Valencia 65 250
019 60 150
Bostanci Orange
020 60 150
021 Gaziveren 45 150
022 Aydinkdy 50 120
023 Akcay 45 140
Shamouti
024 Lefke 55 220
025 Glizelyurt Valencia 50 300
L1 65 100
L2 Lapta 60 120
L3 65 120
L4 Giizelyurt 55 140
L5 60 100
Lefke
L6 50 150
L7 Giizelyurt 50 100
L8 Lefke 55 150
L9 Aydinkoy 65 80
L10 60 100
Bostanci Lemon Cyprus Lemon
L11 60 120
L12 55 150
Yesilirmak
L13 45 120
L14 Gemikonagi 40 100
L15 Lefke 60 80
L16 65 100
Yesilirmak
L17 65 140
L18 Giineskoy 60 150
L 19 Aydinkdy 55 100
L 20 Giineskoy 50 140
G1 Kalkanl 60 50
G2 Aydinkdy 60 80
G3 Gaziveren Grapefruit Marsh Seedless 50 80
G4 55 100
Lefke
G5 55 60
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Table 1. The end
Ta6smna 1. OKoHYaHue

Sample No. | Region Species Variety Age Number of trees
G6 Akgay 55 50
G7 Giineskdy 60 120
G8 Aydinkoy 65 100
G9 Gaziveren 45 100

G10 50 120
Giizelyurt Grapefruit Marsh Seedless
G11 50 60
G12 55 60
Bostanci
G13 65 110
G 14 Glizelyurt 60 100
G15 Yayla 60 100
M1 Kalkanh 40 5
M 2 Aydinkoy 50 3
M3 Gaziveren Mandarins Local Variety 50 10
M 4 Bostanci 55 5
M5 Glinegkoy 55 5

Symptomological observations

Observations were carried out by professionals who stud-
ied each and every single tree independently in the above
given orchards. During those observations, the most impor-
tant symptomological characteristics of CPsV were searched
for and observed. The most distinguishing symptoms of CPsV
are bark spalling (Figure 1, a, b), splitting and bark spalling on
the trunk (Figure 1, c), and gumming on the tree trunk (Figu-
rel,d,e).

Results and discussion

In this research, atotal of 25 orange (19 Valencia and
6 Shamouti), 20 Cyprus lemon, 15 Marsh Seedless grapefruit
and 5 local mandarin orchards were observed for the identifi-
cation and quantification of the symptoms of the Citrus Psoro-
sis Virus (CPsV) disease in Northern Cyprus. Each and every
tree was individually analyzed for CPsV and photographs
were taken from the orchards that showed symptoms. Thus,
the percentage of trees showing CPsV symptoms in orchards
was calculated.

Infected tree ratio

Totally, 9,028 citrus trees (from 65 citrus orchards) were
surveyed within the current work in Northern Cyprus. The
calculated percentages of trees with CPsV symptoms are giv-
en in Table 2, Table 3, Table 4 and Table 5 for oranges, lemons,
grapefruits and mandarins, respectively. According to the re-
sults obtained, the percentage infection of CPsV was 0.72% in
all trees including orange, mandarin, lemon and grapefruit
orchards.

During the studies, atotal of 5,350 different orange
trees were analyzed for CPsV and 29 of them were identified

with CPsV infections symptomatically. The ratio of infected
trees was then calculated as 0.54% in orange orchards. As
mentioned above, two different orange varieties, namely:
Valencia and Shamouti, were surveyed and observed in this
research. The vast majority of the virus symptoms were re-
corded for Valencia trees, with 27 trees in total, and only
2 Shamouti trees were observed to be infected with the vi-
rus. Detailed information about the infected trees is given
in Table 2.

Totally, 2,360 lemon trees were analyzed for CPsV infec-
tion in the present work and 28 of them were identified for
the CPsV symptoms. The ratio of infected trees was then cal-
culated as 1.17% in lemon orchards. This ratio was found to
be about twofold of the infection in orange trees. Detailed in-
formation about the infected trees is given in Table 3.

A total of 1,290 different grapefruit trees were surveyed
and analyzed for the CPsV symptoms in the present study, and
6 grapefruit trees were found to be infected with CPsV symp-
tomologically. The results showed that the ratio of infected
trees with CPsV (symptomologically) was 0.47% in grapefruit
orchards. This infection ratio was slightly below the infection
rate in orange trees. Six infected grapefruit trees were noted
from 5 different regions of Northern Cyprus, namely: Kalkanl,
Lefke, Ak¢ay, Giineskdy and Aydinkéy (Table 4).

In the current study, a total of 28 different mandarin trees
were observed from 5 different orchards and, according to
the results obtained, only 2 mandarin trees had CPsV symp-
toms. The ratio of infected trees with CPsV was calculated as
7.14% in mandarin orchards. This is the highest ratio in the
present study, but mostly it can be explained by a smaller
number of surveyed trees. The 2 infected mandarin trees
were noted in the Aydinkdy and Giineskéy regions of North-
ern Cyprus (Table 5).
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Figure. Most distinguishing symptoms of CPsV; (a) and (b): bark spalling;
(c): splitting and bark spalling on the trunk, and (d) and (e): gumming on the tree trunk

PucyHok. Han6o.1ee BoipaxkeHHbIe cuMnToMbI CPsV; (a) u (b): oTka/ibIBaHMe KOPBI;
(c): paciienyieHue U OTC/I0€HHE KOPbI Ha cTBoJIe; (d) u (e): ryMMHUpOBaHUe Ha CTBOJIE JepeBa

Table 2. Details on the orange trees infected with Citrus Psorosis Virus
Ta6suna 2. [loagpo6Hasa nHpopManus o 3apakeHHBIX JepeBbsX aneJIbCHHA BUPYCOM LUTPYCOBOro Ncopo3a

Number of
. . e 10
Region Variety Age Number of trees infected trees Ratio (%)
Yesilirmak 55 200 3 1.50
Valencia
Giizelyurt 60 450 1 0.22
Lefke Shamouti 65 250 0 0.00
55 350 1 0.29
Yayla Valencia
60 400 6 1.50
Aydinkdy Shamouti 50 300 0 0.00
Bostanci 55 150 2 1.33
Valencia
Giizelyurt 65 100 1 1.00
Shamouti 60 100 0 0.00
Aydinkdy
50 120 0 0.00
Valencia 60 150 3 2.00
Yesilirmak
55 250 4 1.60
Lefke Shamouti 55 100 0 0.00
60 200 0 0.00
Yayla
60 300 1 0.33
Valencia
Akgay 50 250 2 0.80
Lefke 70 200 0 0.00
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Table 2. The end
Ta6smna 2. OKoHYaHHEe

. . Number of = (T
Region Variety Age Number of trees infected trees Ratio (%)
Giizelyurt 65 250 0 0.00

60 150 0 0.00
Bostanci
Valencia 60 150 1 0.67
Gaziveren 45 150 0 0.00
Aydinkdy 50 120 0 0.00
Akcay 45 140 1 0.71
Shamouti
Lefke 55 220 1 0.45
Giizelyurt Valencia 50 300 2 0.67
Total 5350 29 0.54

Table 3. Details on the lemon trees infected with Citrus Psorosis Virus

Ta6smna 3. [logpo6Hast uHGpopManus 0 3apakeHHBIX AePeBbAX JIMMOHA BUPYCOM IIUTPYCOBOIO NCOPO3a

Number of
. . .

Region Variety Age Number of trees infected trees Ratio (%)

65 100 3 3.00
Lapta 60 120 4 3.33

65 120 0 0.00
Giizelyurt 55 140 0 0.00

60 100 2 2.00
Lefke

50 150 1 0.67
Glizelyurt 50 100 0 0.00
Lefke 55 150 0 0.00
Aydinkoy 65 80 0 0.00

60 100 6 6.00
Bostanci Cyprus Lemon

60 120 4 3.33

55 150 2 1.33
Yesilirmak

45 120 1 0.83
Gemikonagi 40 100 0 0.00
Lefke 60 80 0 0.00

65 100 0 0.00
Yesilirmak

65 140 0 0.00
Gilineskoy 60 150 3 2.00
Aydinkoy 55 100 1 1.00
Giineskoy 50 140 1 0.71
Total 2360 28 1.17
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Table 4. Details on the grapefruit trees infected with Citrus Psorosis Virus

Ta6smmua 4. [logpo6Hast uHGpOpMaLUs 0 3apa’KeHHBIX AePeBbix rpeindpyra BUPycoM UTPYCOBOro ICOpo3a

. . Number of e (T
Region Variety Age Number of trees infected trees Ratio (%)
Kalkanl 60 50 1 2.00
Aydinkdy 60 80 0 0.00
Gaziveren 50 80 0 0.00

55 100 0 0.00
Lefke

55 60 2 3.33
Akgay 55 50 1 2.00
Glinegkoy 60 120 1 0.83
Aydinkdy Marsh Seedless 65 100 1 1.00
Gaziveren 45 100 0 0.00

50 120 0 0.00
Giizelyurt

50 60 0 0.00

55 60 0 0.00
Bostanci

65 110 0 0.00
Glizelyurt 60 100 0 0.00
Yayla 60 100 0 0.00
Total 1290 6 0.47

Table 5. Details of the mandarin trees infected with Citrus Psorosis Virus

Ta6smua 5. [loagpo6Hasa vHpopManus 0 3apaKeHHbIX JAepPeBbiX MaHAAapPUHA BUPYCOM LIMTPYCOBOTO NCOpoO3a

Region Variety Age Number of trees in]::cr:lel:ie:r(;is Ratio (%)
Kalkanl 40 5 0 0.00
Aydinkoy 50 3 1 33.33
Gaziveren Local Variety 50 10 0 0.00
Bostanci 55 5 0 0.00
Giineskoy 55 5 1 20.00
Total 28 2 7.14

Discussions and conclusion

Citrus Psorosis Virus is a worldwide disease of citrus or-
chards. It is an infectious filamentous ophiovirus which cau-
ses annual losses of about 5%. Moreover, it is a progressive
decline of trees through affecting the conductive tissues
(Achachi etal,, 2014). The most characteristic symptoms of
Citrus Psorosis Virus disease on trees are bark spalling on the
trunk and branches (Rosa et al. 2007). In this study, the citrus
trees chosen as samples mostly showed the bark spalling
symptom in Northern Cyprus.

Citrus species most severely affected are orange, grape-
fruit and mandarin (Milne etal. 2003). The results of this
study showed that the most affected species was mandarin
(7.4%). In addition to that, lemon orchards showed the se-

cond largest percentage with the infection ratio of 1.17%. Ob-
servations carried in 65 different citrus orchards in Northern
Cyprus also showed that the symptomological presence of
CPsV mostly occurred as leaf wrinkles and chlorosis on leaves,
bark spalling and gumming on trunks and branches.

The results of the present study made it possible to obtain
a database on the quantification of CPsV in Northern Cyprus.
Information about the symptomologically infected trees was
all recorded for further molecular analysis. Besides, it is well
known that citrus farmers in Northern Cyprus generally im-
port rootstocks and scions from other countries. Under the
absence of a quarantine and monitoring system, it seemed so
difficult to prevent the emergence of such problems in North-
ern Cyprus, which may cause different diseases and pests to
be carried to the island. Current results made it very impor-
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tant to perform similar studies on different crops for the iden-
tification and quantification of different pests and diseases in
the forthcoming period. Moreover, molecular investigations
should also be performed.

Detection and identification of viruses infecting different
crops constitute the basic steps for the development of effec-
tive crop disease management systems. Methods used to de-
tect Citrus Psorosis Virus in citrus trees are based on using
indicator plants. Moreover, laboratory tests, like ELISA and
RT-PCR, for molecular detection and characterization of vari-
ous CPsV forms are so common and important (Garcia et al.,
1997; Martin et al.,, 2004; Zanek et al,, 2006). Furthermore, in
order to make molecular detection of the virus easier, the pe-
riods when the virus is at its maximum concentration in
plants under the conditions of Northern Cyprus should be de-
termined.

Northern Cyprus, as part of an island, has an advantage in
the context of preventing the onset of such disease, which is
its natural biological isolation. However, this advantage can
only be supported with the development of quarantine mea-
sures and audits at the entrance points of the island. It is of
utmost importance to prevent the transfer of other virus dis-
eases to the island.
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