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ABSTRACT

Farzadfar, Sh., Pourrahim, R., Golnaraghi, A. R., and Ahoonmanesh, A. 2006. Distribution and
incidence of some aphid and leathopper transmitted viruses infecting sugar beets in Iran. Plant
Dis. 90:252-258.

The main areas for field-grown sugar beet (Beta vulgaris) production in Iran were surveyed to
study the occurrence and incidence of Alfalfa mosaic virus (AIMV), Beet curly top virus
(BCTV), Beet mosaic virus (BtMV), Beet western yellows virus (BWYV), Beet yellows virus
(BYV), Chickpea chlorotic dwarf virus (CpCDV), Cucumber mosaic virus (CMV), and Turnip
mosaic virus (TuMV) during the growing season of 2001. A total of 5,292 random leaf samples
in addition to 1,294 symptomatic leaves were collected from nine commercial sugar beet grow-
ing provinces of Iran and tested by tissue-blot immunoassay (TBIA). Serological diagnoses were
confirmed by electron microscopy and host range studies. The highest virus incidence among the
surveyed provinces was recorded in Qazvin, followed by Fars, Esfahan, Azarbayejan-e-gharbi,
Khorasan, Kermanshah, Semnan, and Hamedan. According to the TBIA results, viruses in de-
creasing order of incidence in sugar beet were BCTV (27.9%), followed by BWYV (17.4%),
CpCDV (12.5%), BYV (10.6%), BIMV (7.4%), TuMV (2.9%), AIMV (1.3%), and CMV (1.2%).
Nearly 35% of sugar beets in Iran were infected by one or both of the two leafhopper-
transmitted viruses (BCTV and CpCDV). Moreover, about 28% were infected by at least one of
the six aphid-transmitted viruses (AIMV, BWYYV, BtMV, BYV, CMV, and TuMV). Overall, one
or more of the eight viruses assayed were detected in 45.5% of the plants surveyed. Several
plants (35%) displaying virus-like symptoms did not react with the virus antisera used, suggest-
ing that more viruses or virus-like agents are infecting sugar beets in Iran. In reference to the
earlier reports, this is the first report of AIMV and TuMV in sugar beet fields of Iran. Also, this is
the first detection of CpCDV as a pathogen of sugar beet.

Additional keywords: beet viruses

A century ago, outbreaks of virus dis-
eases in sugar beet plants (Beta vulgaris
L.), with heavy losses, attracted the atten-
tion of farmers and agricultural experts
worldwide (36). In excess of 100 different
viruses and virus strains now have been
reported to infect sugar beet under natural
or experimental conditions. Some occur
worldwide and substantially reduce crop
yield and quality (5,42). Beet yellows virus
(BYV), for example, is widespread wher-
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ever sugar beet is grown and reduces yield
by up to 50% (35,36). Beet poleroviruses,
including Beet mild yellowing virus
(BMYV) and Beet chlorosis virus (BChV),
also cause sugar beet yield losses ranging
from 5 to 40% (28). In addition, losses
associated with curly top disease threat-
ened the viability of the sugar beet indus-
try in the western United States from the
1920s through the 1950s (42).

Sugar beet is one of the major sources of
sugar in Iran, where it is grown in autumn
and spring. Only a few previous studies on
the occurrence of insect-transmissible
viruses on sugar beets have been reported
in Iran. Beet curly top virus (BCTV) was
once observed in Fars (12,27), and also
reported from Esfahan province (21). Beet
mosaic virus (BtMV) (15,20,22) and Cu-
cumber mosaic virus (CMV) (16,22) were
found in sugar beet plants showing mosaic
diseases. Additionally, BMYV and BYV
were recorded from Iran in association

with yellowing symptoms (14,15). Sugar
beet has suffered from unknown viral dis-
eases in Iran, and such diseases have been
considered a possible reason for reduction
of cultivation area from 186,017 ha in
1999 to 162,738 ha in 2000 (9,10).

In the present work, a general survey
was conducted to determine the incidence
of several insect-vectored viruses, namely,
Alfalfa mosaic virus (AIMV), BCTY,
BtMV, Beet western yellows virus
(BWYYV), BYV, Chickpea chlorotic dwarf
virus (CpCDV), CMYV, and Turnip mosaic
virus (TuMV), in nine major sugar beet
production provinces of Iran and to deter-
mine their relative importance with respect
to potential economic losses they may
cause.

MATERIALS AND METHODS

Samplings. During the growing season
of 2001, 30 to 60 leaves were randomly
collected from each of 106 spring-sown
sugar beet fields of eight provinces in Iran,
including Azarbayejan-e-gharbi, Esfahan,
Fars, Hamedan, Kermanshah, Khorasan,
Qazvin, and Semnan (Table 1). Within
each randomly selected field, sample col-
lection was made by crossing the field in a
zigzag pattern in which the distance be-
tween two individual samples was 3 to 5
m. The size, stage of crop development,
cropping pattern, and crop density were
recorded for each field at the time of sam-
pling. Ten to 15 leaves from plants show-
ing typical virus disease symptoms were
collected from the same field. In addition,
31 symptomatic leaf samples were col-
lected from a beet field in Ardabil prov-
ince. Samples were immediately trans-
ported in labeled plastic bags over ice in
cold boxes to the laboratory and kept at
4°C prior to being tested. Virus disease
incidence in each randomly chosen field
was estimated according to the reactions of
leaf sample extracts in diagnostic assays as
described below. Disease incidence was
also estimated based on symptoms ob-
served in 100 randomly selected sugar beet
plants in each field surveyed.

Sources of antisera and positive sam-
ples. BtMV (As-0143, PV-0065), BYV



(As-0185, PV-0406), and TuMV (As-0132,
PV-0104) were kindly provided by S. Win-
ter (DSMZ, Braunschweig, Germany),
CpCDV-specific polyclonal antibody by H.
J. Vetten (DSMZ), CpCDV positive con-
trol, CMV, and BWYYV raw antisera by K.
M. Makkouk (ICARDA, Syria), BCTV
antibodies by M. Bahar (College of Agri-
culture, Esfahan University of Technology,
Esfahan, Iran), and the positive control by
S. Jalali (Agricultural Research Center,
Esfahan, Iran). Our AIMV positive control
and raw antiserum were produced against
an Iranian isolate of AIMV (26). The posi-
tive sample of CMV was kindly provided
by V. Alavi (Agricultural Research Center,
Sari, Iran). An Iranian isolate of BWYV
was used as the positive control (34). The
detection systems for BtMV and TuMV
were checked for cross-reactivity in the
potyvirus group using enzyme-linked im-
munosorbent assay (ELISA). Cross-
reactivity between BCTV and CpCDV
antisera in the geminivirus group was also
checked by dot-ELISA.

Tissue-blot immunoassay (TBIA). In
this study, TBIA was optimized and used
for the detection of sugar beet viruses
based on earlier reports (29). Each petiole
was cut with a new razor blade in a steady
motion to obtain a single plane cut surface
and pressed on each membrane (BA-45,
Schleicher & Schuell, Germany). The
membrane was washed three times with
phosphate buffered saline (PBS) (3 mM
KCl, 3 mM NaNj, 8 mM Na,HPO,, 1 mM
NaH,PO,, and 0.13 M NaCl, pH 7.4) con-
taining 0.05% Tween 20 (PBST) at 5-min
intervals, blocked in 1-pg/ml polyvinyl
alcohol in PBST, and incubated 30 min at
room temperature (RT). After washing, the
membrane was placed in 1:1,000 dilution
of IgG-conjugated antibodies in conjugate
buffer (2% polyvinylpyrrolidone-24000,
0.05% Tween 20, 0.2% bovine serum al-
bumin, and 1 mM MgCl, in PBS, pH 7.4).
The membrane was incubated for 1 h at
RT, washed, and directly placed in color
development solution (0.1 M Tris-HCI, pH
9.5, containing 0.1 M NaCl, 5 mM MgCl,,
0.33 mg/ml nitro blue tetrazolium, and
0.17 mg/ml 5-bromo-4-chloro-3-indolyl

phosphate p-toluidine salt) prepared just
before use. For AIMV, BWYV, CpCDV,
and CMYV, the same dilution of raw antis-
era in PBS was used. The membrane was
washed and treated in 1:10,000 dilution of
alkaline phosphatase-conjugated goat anti-
rabbit IgG (Sigma Chemical Co., St.
Louis, MO). All buffers used contained
0.02% sodium azide as a preservative.
Development of blue-purple color in dot-
ted areas was interpreted as infected sam-
ples. Positive and negative control samples
for relevant viruses were used as controls
in each virus assay.

Host range studies. Sugar beet leaf
samples with positive reaction in TBIA
(except for BCTV and CpCDV) were se-
lected, and their reactions on eight plant
species, Gomphrena globosa (Amarantha-
ceae), Brassica rapa and Raphanus sativus
(Brassicaceae), B. vulgaris, Chenopodium
amaranticolor, and C. quinoa (Chenopodi-
aceae), and Petunia hybrida and Nicotiana
glutinosa (Solanaceae), were investigated.
In mechanical transmission experiments,
0.1 M Na-phosphate buffer (pH 7.0) con-
taining 0.2% sodium sulfite was used as a
general inoculation buffer. For aphid
transmission assays, green peach aphids
(Myzus persicae Sulzer) were allowed to
feed on BWYV- or BYV-infected leaf
samples for 24 h in sealed petri dishes.
After the acquisition period, the aphids
were placed on healthy indicator plants for
an inoculation period of 48 to 72 h prior to
killing with Primicarb (Bayer, Germany).
At least three plants of each species were
inoculated. In the host range assays, two or
more replications were performed when
results were negative or uncertain. The
indicator plants were kept in an insect-free
greenhouse with about 15 h light, at 25 +
5°C and 50 to 70% relative humidity, and
were regularly observed during 1 to 4
weeks or longer after inoculation. The
TBIA was used in addition to symptomol-
ogy to detect and identify viruses in indi-
cator host plants.

Electron microscopy. The procedure of
Brlansky and Derrick (4) was used to trap
virus particles. The precoated grids with
Formvar and carbon were floated on the

Table 1. Number of fields surveyed and random samples collected from different provinces

Fields Leaf samples
Province Location surveyed (no.) (no.)?
Azarbayejan-e-gharbi ~ Khoy, Miandoab, Qareh ziya’eddin, 6 276
Vishleg-e-olya
Esfahan Borkhar, Esfahan 14 630
Fars Eqlid (Asopas, Mandan) 5 258
Hamedan Bahar 3 184
Kermanshah Bisotun, Eslam abad-e-gharb, 30 1,517
Kangavar, Sahneh, Sonqor
Khorasan Fariman, Jolgeh-rokh, Jovein, Neghab 21 1,084
Qazvin Ajorvand, Jannat-abad, Mehdi-abad, 11 452
Lya, Yazbar
Semnan Mayamey, Shahrud 16 891
Total 106 5,292

2 All samples were tested by tissue-blot immunoassay using the available virus detection systems.

appropriate antiserum drops, diluted to
1:1,000 with 0.05 M Tris buffer (pH 7.2),
for 15 to 30 min at RT. Unabsorbed serum
was removed by floating the grids for 5
min, or washing by 40 drops of Tris buffer.
Experimental grids were immediately
floated on crude sap extracts of selected
field samples for 30 to 45 min. Following
the reaction, the grids were washed to
remove plant debris by floating 3 to 5 min
or washing by 40 drops of distilled water.
Subsequently, the grids were stained using
4 to 5 drops of 1% uranyl acetate and ex-
amined for the presence of virus particles
in a Phillips-TEM 301 G transmission
electron microscope.

RESULTS

Samplings. The typical virus disease
symptoms observed in Iranian sugar beets
included mosaic, chlorosis, yellowing, vein
clearing, vein necrosis, stunting, and ena-
tion and curling of leaves. The most com-
mon symptoms observed in sugar beet
fields of all surveyed provinces were chlo-
rosis and yellowing (33.3%) (Table 2).
Based on leaf symptoms, about 39.1% of
plants growing in these areas probably had
a viral disease infection (Table 2).

Use of the TBIA technique greatly fa-
cilitated the detection of such a broad array
of viruses tested in this study of Iranian
sugar beet crops. However, the presence of
viruses in the samples also was confirmed
by electron microscopy and host range
studies. The reactions of diseased and
nondiseased plant samples in TBIA with
the antisera used were clearly different
(Fig. 1). Also, no serological cross-
reactivity was detected between Potyviri-
dae viruses or between Geminiviridae
viruses in our assays.

TBIA results with random sugar beet
leaf samples indicated that viral disease
incidence in decreasing order was BCTV
27.9%), BWYV (17.4%), CpCDV
(12.5%), BYV (10.6%), BIMV (7.4%),
TuMV (2.9%), AIMV (1.3%), and CMV
(1.2%). BCTV was detected in 1,478 sam-
ples collected from 101 different fields.
The incidence of this virus ranged from
8.6% in Qazvin to 53.9% in Fars. This
virus was the most predominant problem
in all provinces surveyed, except for Azar-
bayejan-e-gharbi (Table 3). Mild to severe
symptoms were associated with BCTV
infection in the fields. Plants severely in-
fected with BCTV showed stunting, vein
clearing and swelling, enations, thicken-
ing, upward and inward rolling of the
leaves, and phloem exudates in some fields
of Khorasan and Kermanshah.

Serological assays showed that CpCDV
was more prevalent in Qazvin, Khorasan,
and Kermanshah provinces, where this
virus was detected in 87.1% of the fields
surveyed. In other word, 555 out of 662
samples infected with CpCDV were found
in the three aforementioned provinces
(data not shown). Chlorosis and stunting
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symptoms were observed in association
with plants affected with this virus.

Yellowing symptoms on young leaves
were observed in samples with positive
reaction in TBIA using BWYV polyclonal
antibody. The results revealed viral inci-
dence in Qazvin province (58.2%) was
mainly due to the occurrence of this virus
where the highest incidence for BWYV
was also recorded (50.7%). Except for
Hamedan, this virus was detected in the
other provinces surveyed with consider-
able differences in incidence (Table 3).
TBIA results also indicated that 18 symp-
tomatic leaves collected from Ardabil had
a positive reaction to BWYV polyclonal
antibody.

The incidence of BYV recorded in
Azarbayejan-e-gharbi (49.3%) was consid-
erably higher than that for other provinces
(Table 3). Serological assays showed
100% of the samples randomly collected
from two fields located in Miandoab area
infected with BYV (data not shown). Chlo-
rosis, yellowing, vein clearing, necrosis,
and stunting were usually observed in
BYYV positively reacted sugar beet samples
in TBIA tests collected from different
provinces surveyed.

Field symptoms associated with virus
infection of the samples by AIMV, BtIMV,
CMV, and TuMV were similar and in-
cluded mosaic, mottling, and vein clearing.
BtMV was the most prevalent virus in
Khorasan (23.8%), followed by Qazvin,
Hamedan, Kermanshah, Semnan, and Es-
fahan. This virus was not detected in Azar-
bayejan-e-gharbi, where BY V-infection
was recorded at the highest incidence. The
results also revealed the highest incidence
of TuMV in Esfahan, which differed mark-
edly from those recorded in the other prov-
inces (Table 3).

The incidence of virus infection ranged
from 17.4% in Hamedan to 58.2% in Qaz-
vin. Overall, incidence of viral infection
was estimated to be 45.5% (2,406 samples)
in the surveyed provinces. All of the 106
fields studied had viral infection with a
range of 6.1 to 100% (Table 3). Moreover,
except for Azarbayejan-e-gharbi and Qaz-

vin, leathopper-vectored viruses were
more prevalent (34.8%) than those trans-
mitted by aphids (27.8%) (Table 3). In all
provinces surveyed except for Hamedan,
Khorasan, and Qazvin, viral disease inci-
dence as single infections was higher than
that of mixed infections between the leaf-
hopper and aphid transmissible viruses.
Totally, 25.7 and 19.7% of the randomly
collected sugar beet samples had single
and mixed infections, respectively (Table
4). High levels of mixed infections were
found between BCTV and CpCDV, and
BtMV, BWYV, and BYV (Table 5).
Among aphid-vectored virus/virus combi-
nations, coinfection of samples with
BtMV-BWYV, BtMV-BYV, or BWYV-
BYYV occurred at the highest incidence in
almost all provinces surveyed except for
Esfahan, where mixed infection between
BWYYV and TuMV was higher (Table 6).

Both symptom incidence and serological
assay results revealed a large variation in
virus incidence among the different fields
surveyed. However, virus incidence as-
sessment based on visual symptoms either
underestimated or overestimated virus
incidence as determined by laboratory
testing of randomly collected samples.
While virus incidence assessed by sero-
logical tests and visually observed symp-
toms closely matched in some provinces,
there was a very poor match in others (Ta-
bles 2 and 3).

Host range studies and electron mi-
croscopy. Our BtMV isolates systemically
infected B. wvulgaris and induced local
lesions on C. quinoa and G. globosa. In
contrast, TuMV isolated from sugar beet
produced necrotic local lesions on N. glu-
tinosa followed by systemic and top necro-
sis symptoms. TuMV also caused systemic
infection of P. hybrida and B. rapa. These
viruses had flexuous filamentous particles
with about 720 to 730 nm, characteristic of
the Potyviridae family. BYV isolates had
long flexuous filamentous particles, and
caused yellowing on B. vulgaris. Systemic
infection of the studied BWYV isolates
resulted in yellowing on B. vulgaris and R.
sativus. Electron microscopy of trapped

Table 2. Virus symptoms observed in the surveyed provinces (%)*

particles from leaf extracts of the infected
plants showed isometric particles with
diameters of about 25 to 27 nm. Inocula-
tion of AIMV and CMV isolated from
sugar beet plants caused chlorotic local
lesions on C. amaranticolor and C. qui-
noa, and mosaic on N. glutinosa. Host
ranges and symptoms of these two viruses
were similar. However, they had bacilli-
form and isometric particles, respectively.
Additionally, geminate particles were ob-
served in leaf extracts of samples which
had positive reactions in TBIA using
BCTV- and CpCDV-specific antisera. This
information was obtained as a secondary
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Fig. 1. Immunochemical detection of Beet yel-
lows virus (BYV) in leaf samples using tissue-
blot immunoassay on nitrocellulose membrane.
The incidence of BYV in a field of Azarbaye-
jan-e-gharbi (Miandoab) with up to 100% infec-
tion (1 to 44) was compared with other fields
with lower incidence of this virus (45 to 125).
Reactions of darker, diseased plants are pre-
sented.

Symptoms
Enation, Chlorosis,

Province leaf curling Mosaic Necrosis Stunting Vein clearing yellowing Cumulative®
Azarbayejan-e-gharbi 3.2¢ 17.0 0.5 0.5 19.0 47.8 56.8
Esfahan 14.0 3.5 0.7 4.1 33 171 233
Fars 572 6.0 1.0 294 24.6 61.4 74.2
Hamedan 1.0 1.3 0.7 0.7 2.0 4.3 6.0
Kermanshah 15.8 2.8 1.2 2.7 2.5 33.2 39.7
Khorasan 38.0 3.1 1.3 3.1 17.7 43.5 48.7
Qazvin 5.1 1.0 0.9 0.3 0.4 134 17.8
Semnan 9.7 2.1 3.1 11.6 3.4 39.2 423

Average? 18.7 3.6 1.3 5.1 7.5 33.3 39.1

2 The highest percentage of symptoms observed in sugar beet fields in each province is shown in bold.
b Estimated virus incidence in each province based on virus-like symptoms observed in the surveyed fields. Some plants had multiple virus-like symptoms.

¢ Virus disease symptoms incidence.

d Incidence of each symptom in the surveyed provinces.
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confirmation of infection for these viruses.
The results for viruses tested were gener-
ally in agreement with those reported by
others (1,5,6,17,23,31,33,37,38).

DISCUSSION

In this work, BCTV was detected in al-
most all surveyed fields (Tables 3, 5, and
6), suggesting its occurrence in Iran wher-
ever sugar beets are grown. The virus
caused persistent symptoms and was asso-
ciated with very severe symptoms in some
plants. These observations propose BCTV
as the most important insect-borne virus
that infects sugar beets in Iran. Recent
works on the detection of an Iranian isolate
of BCTV showed that it is similar to Beet
severe curly top virus (3). In our study,
different symptoms were observed in the
sugar beet fields showing curly top disease
(CTD), indicating different viruses are
probably associated with CTD in Iran,
which will need to be confirmed through
molecular and biological evidence.

We found that some plants with positive
reaction in serological assays with CpCDV
antiserum did not show any observable
symptoms, which confirms previous re-
ports (17). This Mastrevirus (39) was de-
tected less frequently than BCTV in the
samples tested. The results indicate the
infection of sugar beets in Iran with a gem-

Table 3. Results of laboratory tests (%) run on random leaf sugar beet samples taken from 106 fields in Iran

inivirus serologically related to CpCDV. In
addition, a DNA fragment of 301 bp of this
sugar beet infecting Mastrevirus from
Khorasan (Kh8) was sequenced (GenBank
accession no. DQ159207). Blast search
results revealed the highest identity of this
sequence to another dicot-infecting mas-
trevirus, Bean yellow dwarf virus (91.0%)
(data not shown). Recent works indicated
that over 50% of the sugar beet leaf sam-
ples randomly collected from Kermanshah
and Khorasan provinces, the two main
areas for sugar beet cultivation in Iran, had
positive reaction in TBIA using CpCDV-
specific antibody (our unpublished data). It
seems that the prevalence and importance
of this Mastrevirus is increasing in Iran.
However, more studies are necessary to
determine characteristics of this sugar beet
Mastrevirus. The preliminary results of
this study was reported earlier (11).

Our results indicated that nearly 35% of
sugar beets in Iran were infected by one or
both of BCTV and CpCDV, which were
detected in 104 out of 106 fields surveyed.
These viruses are reported to be transmit-
ted by leathoppers (17,37), which were
more abundant in sugar beet fields of Iran
than aphids (our personal observations).
Also, among the leafhopper vectors of
BCTV (37), Circulifer tenellus Baker and
C. opacipennis Lethierry have been re-

ported in the sugar beet fields (25). Oro-
sius orientalis Matsumura, the vector for
CpCDV (17), has not been identified in
Iran. O. albicinctus Distant, another spe-
cies in the genus Orosius, was observed in
Iran (25), but its possible role in transmis-
sion of the sugar beet Mastrevirus remains
to be confirmed.

The obtained data suggest that among
insect-vectored viruses, BYV is the second
most prevalent virus in Iran. Additionally,
the results indicated a positive reaction for
919 (17.4%) samples using BWYV poly-
clonal antibody. Serological relationships
among luteoviruses (41) indicate the pos-
sible incidence of different viruses belong-
ing to the genus Polerovirus in sugar beets
of Iran. This study revealed the occurrence
of TuMV in some provinces of Iran, espe-
cially in Esfahan, where ornamental and
arable brassicas are grown in close prox-
imity. This results in a reservoir of TuMV-
infected plants and availability of a con-
stant inoculum source for aphid vectors, as
reported previously (40). Several aphid
vectors of sugar beet viruses have been
previously identified in Iran (32); however,
Aphis fabae Scopuli was observed to be
the most prevalent colonizing aphid in the
surveyed sugar beet fields (our personal
observations). The important role of non-
colonizing winged aphids especially in

during 20012>

Virus infection

Province AIMV BCTV BtMV BWYV BYV CpCDV CMV TuMV Aph.© Leaf.d Overall®
Azarbayejan- 0.0 10.9¢ 0.0 2.2 49.3 0.0 0.0 0.0 50.0 10.9 51.4
e-gharbi 0.0-27.3¢ 0.0-10.5 4.8-100 7.4-100 0.0-27.3 7.4-100
4h 2 ©) (6) (C)) (6)
Esfahan 0.0 36.7 0.6 15.2 2.5 2.4 4.0 21.0 34.6 37.1 53.3
15.4-50.9 0.0-7.0 0.0-37.5 0.0-14.0 0.0-21.1 0.0-37.5 0.0-100 0.0-100 15.4-54.4  25.0-100
(14) 1 (10) ©) ) (6) (6) (13) (14) (14)
Fars 0.0 53.9 0.0 6.2 0.0 3.1 0.0 0.0 6.2 55.0 56.6
39.6-68.5 0.0-9.3 0.0-9.3 0.0-9.3 39.6-68.5 43.8-72.2
(5) 4 2 4) (5) (5)
Hamedan 0.0 12.0 4.3 0.0 8.7 0.0 0.0 0.0 9.8 12.0 17.4
6.3-20.0 0.0-10.0 3.3-12.5 6.7-12.5 6.3-20.0  10.0-26.7
3) 2 3) 3) (3) 3)
Kermanshah 0.9 33.3 4.0 20.8 11.4 11.7 0.1 0.7 24.1 38.4 43.8
0.0-7.7 5.8-61.5 0.0-18.8 3.8-47.5 1.6-32.7 0.0-50.0 0.0-1.6 0.0-6.8 3.8-50.0 9.4-61.5 14.1-61.5
7 (30) (18) (30) (30) (23) 9] 5 (30) (30) (30)
Khorasan 4.3 24.9 23.8 15.1 13.3 23.6 0.0 0.6 32.7 37.0 46.4
0.0-20.0 0.0-59.4 0.0-60.0 0.0-75.0 0.0-34.4 5.8-40.6 0.0-9.6 54-75.0 10.9-68.8 15.6-87.5
)] (20) (20) (20) (20) (21) (3) (21) (21) (21)
Qazvin 1.3 8.6 10.2 50.7 8.6 26.8 0.0 0.9 51.3 33.2 58.2
0.0-11.1 0.0-25.9 0.0-42.6  23.3-74.1  0.0-204 0.0-50.0 0.0-5.6 23.3-74.1  3.3-59.3  30.0-79.6
(1) © ® (11) (10) (10) ) (11) 1) (11)
Semnan 0.3 27.2 1.5 10.4 39 94 4.0 0.0 14.6 31.3 35.9
0.0-4.2 6.1-40.4 0.0-10.4 0.0-32.7 0.0-23.1 0.0-69.2 0.0-38.5 0.0-51.9 6.1-69.2 6.1-71.2
2 (16) 5) (13) ®) ®) 4) (13) (16) (16)
Average! 1.3 279 7.4 174 10.6 12.5 1.2 2.9 27.8 34.8 45.5
0.0-20.0 0.0-68.5 0.0-60.0 0.0-75.0 0.0-100 0.0-69.2 0.0-38.5 0.0-100 0.0-100 0.0-69.2 6.1-100
(19) (101) 54 (90) (83) (68) (11) (16) (101) (104) (106)

2 The highest incidence of virus infections in each province is shown in bold.
b Identification was based on serological reactions (tissue-blot immunoassay).
¢ Incidence of viruses that can be transmitted by aphids.

d Incidence of leafhopper-transmissible viruses.

¢ Total virus incidence in each province calculated on the basis of single or mixed virus infections found in randomly collected samples.

f Average of percent virus incidence.
¢ Range of percent virus incidence.
b Number of fields with virus infection.

! Incidence of each virus in the surveyed provinces.
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spreading of stylet-borne viruses is well
documented (18).

The eight viruses identified to infect
sugar beet are vectored by insects (six by

aphids and two by leathoppers). Leathop-
per-transmitted viruses were often more
prevalent than those transmitted by aphids
in the surveyed provinces (Table 3). We

Table 4. Percentage of single and mixed virus infections occurring in sugar beet fields in different

provinces of Iran®

Province Single Mix Overall
Azarbayejan-e-gharbi 42.0b 9.4 514
7.4-95.5¢ 0.0-27.3 7.4-100
(6) (5) (6)
Esfahan 313 22.1 53.3
17.5-46.3 0.0-54.8 25.0-100
(14) (13) 14
Fars 50.4 6.2 56.6
41.4-63.0 0.0-11.1 43.8-72.2
(5) ©) (5)
Hamedan 8.7 8.7 17.4
6.3-13.3 3.3-133 10.0-26.7
(3) 3) (3)
Kermanshah 229 20.8 43.8
7.8-51.9 2.1-45.0 14.1-61.5
(30) (30) (30
Khorasan 19.8 26.6 46.4
7.8-30.8 7.1-62.5 15.6-87.5
1) (21 21
Qazvin 28.8 294 58.2
13.3-50.0 0.0-64.8 30.0-79.6
1D (10) (11)
Semnan 23.6 12.3 35.9
6.1-35.0 0.0-51.9 6.1-71.2
(16) 14 (16)
Average 25.7 19.7 45.5
6.1-95.5 0.0-64.8 6.1-100
(106) (100) (106)

2 The highest incidence of virus infections in each province is shown in bold.

b Average of percent virus incidence.
¢ Range of percent virus incidence.
4 Number of fields with virus infection.

showed that in the areas surveyed, mixed
infections occurred at high frequencies
between viruses that can induce chlorosis
to yellowing symptoms on sugar beet
plants, including BCTV, BtMV, BWYYV,
BYYV, and CpCDV (Tables 5 and 6). This
indicates that the vectors might be at-
tracted by the yellow color of virus-
infected plants (7,19,43). Alternatively,
such affected plants may release specific
volatiles that attract the vectors, as re-
ported previously for Potato leaf roll vi-
rus—infected potato plants attracting the
aphid vector Myzus persicae (8). The re-
sults indicated considerable differences of
incidence for each of the viruses tested in
the same province (Table 3), in contrast to
some of the studied viruses that have
common vectors. For example, while the
most prevalent virus in Azarbayejan-e-
gharbi was BYYV, it is very surprising that
no BtMV was observed, and so little
BWYV was detected. Also, the three vi-
ruses were detected in Qazvin with the
highest incidence of BWYV (Table 3).
Among viruses transmitted by aphids, the
most prevalent coinfection occurring in
almost all provinces was recorded between
BtMV, BWYYV, or BYV, except for Esfa-
han, where high incidence of mixed infec-
tions was recorded for BWYV and TuMV.
In addition, comparison of Tables 3 and 6
revealed that the incidences of mixed in-
fections, e.g., BIMV-BWYV (Kermanshah,
Qazvin, Semnan), BWYV-BYV (Qazvin),
and BWYV-TuMV (Qazvin), are close to
the overall incidences of BtIMV, BYYV, and

Table 5. Percentage of mixed infections occurring between leafthopper- and aphid-transmitted viruses in sugar beet fields in Iran®

Percent random sugar beet samples infected with combinations of two viruses

BCTV CpCDV
Province AIMV ~ BtMV  BWYV  BYV CpCDV CMV TuMV AIMV BtMV BWYV  BYV CMV  TuMV
Azarbayejan- 0.0 0.0 1.4° 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e-gharbi 0.0-10.5¢ 0.0-27.3
(e “
Esfahan 0.0 0.6 9.4 1.9 1.9 2.1 8.6 0.0 0.5 1.6 14 0.0 0.3
0.0-7.0 0.0-27.5 0.0-12.3 0.0-17.5 0.0-20.0 0.0-40.5 0.0-5.3 0.0-14.0 0.0-14.0 0.0-3.5
1) O] “ 3 (5 (6) ) 3 (2 )
Fars 0.0 0.0 4.7 0.0 1.9 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
0.0-8.9 0.0-5.6 0.0-1.9
“ 2 0]
Hamedan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kermanshah 0.6 2.8 13.3 8.2 6.5 0.0 0.3 0.8 2.5 7.8 53 0.0 0.4
0.0-7.7 0.0-14.6 0.0-40.4 0.0-30.8 0.0-25.0 0.0-4.5 0.0-7.7 0.0-10.7 0.0-42.5 0.0-23.1 0.0-6.3
(6) 7) (29) (26) (23) (3 (5) (14) (22) (20) 3
Khorasan 3.1 13.7 10.4 8.6 12.3 0.0 0.2 3.1 13.5 10.1 8.6 0.0 0.4
0.0-16.7 0.0-41.7 0.0-43.8 0.0-25.0 0.0-30.0 0.0-3.1  0.0-15.0 0.0-36.7 0.0-37.5 0.0-23.1 0.0-7.7
(®) (18) 19) 19) 19) @) ®) (20) 19) (20) )
Qazvin 0.2 1.5 5.5 1.1 22 0.0 0.4 0.9 7.5 23.0 6.9 0.0 0.7
0.0-1.9 0.0-11.1 0.0-204 0.0-7.7 0.0-9.3 0.0-1.9  0.0-74 0.0-352 0.0-42.6 0.0-16.7 0.0-5.6
1) 2 (5) (3) ) @) )] Q) (10) ) 0]
Semnan 0.2 0.8 7.1 2.5 5.3 1.0 0.0 0.0 0.9 5.1 2.9 0.2 0.0
0.0-2.1  0.0-63 0.0-26.9 0.0-154 0.0-404 0.0-104 0.0-104 0.0-30.8 0.0-21.2 0.0-4.2
@ (&) (13) ) ® 3 “ O] ©) @
Average 0.9 3.9 9.0 5.3 5.8 0.4 1.2 0.9 43 7.3 4.5 0.04 0.3
0.0-16.7 0.0-41.7 0.0-43.8 0.0-30.8 0.0-404 0.0-20.0 0.0-40.5 0.0-15.0 0.0-36.7 0.0-42.6 0.0-23.1 0.0-42 0.0-7.7
a7 (43) (80) (63) (59) (8) (13) (14) (45) (62) (57) 9] (6)

2 The highest incidence of virus/virus combinations in each province is shown in bold.
b Average of percent virus incidence.

¢ Range of percent virus incidence.

4 Number of fields with virus infection.
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TuMV, respectively. In contrast, in other
cases, such as coinfection between BWYV
and TuMV in Esfahan, the incidence of
this mixed infection differed considerably
from the incidence of BWYV. Moreover,
we observed large differences in virus
incidence among fields in the same prov-
ince or between different provinces (Table
3). It seems that differences between the
vector populations in these areas and the
presence of reservoir hosts for the viruses
or vectors have an important role in viral
disease incidence in different locations
surveyed. For example, the aphid-
transmitted viruses reported in this study,
except for BtMV and BYV, have been
previously reported from other hosts in
Iran (2,11,13,20,21,24,30,34) that may
play a role as alternative hosts for sugar
beet crops, as aforementioned for TuMV in
Esfahan. In addition, the only provinces
where the incidence of aphid-transmissible
viruses was more than that of leathopper-
transmissible viruses were Azarbayejan-e-
gharbi and Qazvin, which may be related
to the greater abundance of gardens in
these provinces. However, very little is
available on sugar beet virus epidemiology
and their vector activities in Iran. It should
be said that time of sampling may also
affect viral disease incidence recorded for
each province or location.

Almost 65% of the 1,294 symptomatic
plants tested positive with at least one of
the eight virus-specific antibodies used.
Although the symptoms may be induced

by nonviral agents, these findings suggest
that the eight viruses studied are largely
responsible for the virus diseases of sugar
beet in Iran. In addition, the high incidence
of yellowing and curly top diseases causes
some problems in observing new types of
symptoms and detecting putative novel
viruses. Some plants did not react with any
available virus detection systems; however,
they showed virus-like symptoms. More-
over, other symptoms of petiole elonga-
tion, root madness, and xylem necrosis
were also observed in the studied fields.
Therefore, more viruses than the eight
tested in this study probably infect sugar
beets in Iran, the rhizomania being the
most significant disease (manuscript in
preparation).

This survey was restricted to nine main
sugar beet—growing areas and to one grow-
ing season. An extension of this survey to
other areas of Iran may reveal the presence
of more viruses and viral strains in the
crop. It seems that sugar beet in Iran is
probably damaged naturally by many virus
infections with different modes of trans-
mission, including those vectored by in-
sects or fungus-like organisms. Therefore,
several protective measures, such as the
use of resistant or tolerant varieties, re-
moval of sources of infection in or around
fields, use of a fallow period or rotation for
host crops to break the infection cycle, and
spraying crops with insecticide to control
the insect vectors, should be employed to
reduce the level of virus infection in sugar

beet crops. In addition, the availability of
effective serological and/or molecular tools
for virus confirmation and differentiation
will be an important step in improving
disease monitoring and ultimately disease
management in Iran.
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