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Identification of Resistant Sugar Beet (Beta vulgaris L.)

Genotypes against Beet Curly Top Disease
M. Saadati®, A. Rajabi?, and M. Shams-Bakhsh'”

ABSTRACT

The Severe strain of Beet Curly Top Virus (BCTV-Svr) and Beet Curly Top Iran Virus
(BCTIV) are considered as the main causal agents of sugar beet curly top disease in Iran
and mixed infections of BCTV-Svr and BCTIV usually occur in nature. As the use of
resistant cultivars is the safer and stable tool for management of the disease, the objective
of current work was to identify sugar beet genotypes resistant to both agents. To this end,
the reaction of thirty-eight sugar beet genotypes to infection by each of BCTV-Svr and
BCTIV was separately evaluated using their infectious clones under the greenhouse
condition. Incubation period, recovery, and disease severity index were considered for
selection of resistant genotypes. As a result, ten and seven sugar beet genotypes resistant
to, respectively, BCTV-Svr and BCTIV were selected. To evaluate the resistant genotypes,
the experiments were repeated under greenhouse condition. In the field experiment with
natural infection of viruses, the resistant genotypes were assessed and six sugar beet
genotypes (S1 91019, S1 91022, S1 91023, S1 91028, S1 91029, and S1-91041) resistant to
BCTV-Svr and BCTIV were identified; which could be used in future breeding programs.
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INTRODUCTION

Sugar beet (Beta vulgaris L.) of the family
Chenopodiaceae is a biennial crop. Like
other plants, sugar beets may suffer from
several important pests and pathogens. Cyst
nematode, root rots, rhizomania and Curly
Top Disease (CTD) are considered among
the major problems in sugar beet fields in
Iran that can cause great reductions in yield.

Based on their host range, genome
organization, genome-wide pairwise
sequence identities, and type of insect
vectors; members of the  family
Geminiviridae are classified into nine
recognized genera and two unassigned
species: Curtovirus, Becurtovirus,
Mastervirus, Begomovirus, Eragrovirus,
Capulavirus, Grablovirus, Mastrevirus, and

Topocuvirus (Varsani et al., 2017). CTD in
Iran was first reported from Zarghan and
Marvdasht sugar beet fields (Gibson, 1967).
At present, Beet Curly Top Virus-Severe
(BCTV-Svr) and Beet Curly Top Iran Virus
(BCTIV) are known as the main causal
agents of beet CTD in Iran (Bolok Yazdi et
al., 2008; Briddon et al., 1998; Varsani et
al., 2014b ). In 2016, turnip curly top virus
and turnip leaf roll virus were reported in
sugar beet as well as six other field crops
(Kamali et al., 2016). The symptoms of
CTD not only are related to virus isolate,
environmental conditions, susceptibility, and
age of host plant, but also depend on its
vector (Bennett, 1971; Duffus and Skoyen,
1977; Wintermantel and Kaffka, 2006). The
typical symptoms of CTD in sugar beet at
the early stage is vein clearing in young
leaves (Bennett, 1971). As the disease
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progresses, leaves become crinkled, roll
upward and inward, and, consequently, the
plants are stunted (Sutic et al., 1999).

Climate changes that have been happening
in the last decades (Chakraborty, 2005; Stern
and Stern, 2007), have also induced some
epidemics, especially of thermophilic plant
diseases that are transmitted by vectors
(Chakraborty, 2005). Since these viruses are
transmitted by leafhoppers and the best way
to control such diseases is the use of
resistant lines, seeking resistant sources for
better management of the disease should be
taken into consideration.

From earlier studies, it is evident that
resistance to CTD in sugar beet can be
controlled by several genes with low
inheritance and also the use of these
genotypes for breeding purposes would be
difficult (Panella, 2005). In this regard,
Panella and Strausbaugh (2011) evaluated
resistance in thirty wild beets (Beta vulgaris
subsp. maritima (L.) Arcang) to BCTV-Svr
in field conditions infested with leafhoppers
and recorded that none of the genotypes had
noticeable resistance. In another similar
experiment, it was reported that 19 out of 26
wild beets had similar resistance to BCTV-
Svr as did the resistant control (Panella and
Strausbaugh, 2011). Recently, five sugar
beet genotypes have been reported that are at
par with resistant check (Strausbaugh and
Fenwick, 2018).

To evaluate the resistance in plants,
Disease Severity Index (DSI) at 4™ and 8"
weeks post- inoculation, recovery (the
difference in DSI between 4™ and 8" weeks)
and latent periods were measured in 50
accessions that were inoculated with
viruliferous leafhoppers (Circulifer
haematoceps M.&R.) at the two-leaf stage.
The results indicated that four cultivars and
one accession had the lowest DSI, higher
recovery and longer latent periods (Salehi et
al., 2006). Similarly, 5 out of fifty sugar beet
lines were identified resistant to both viruses
of the CTD in Iran (Montazeri et al., 2016).

Owing to the fact that two geminiviruses
(BCTV-Svr and BCTIV) are the main causal
agents of CTD in sugar beet field in Iran, it
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IS necessary to evaluate the reaction of sugar
beet genotypes against both viruses.
Therefore, the present study was carried out
with this aim under greenhouse and field
conditions; as a result, six genotypes
resistant to BCTV-Svr and BCTIV were
identified.

MATERIALS AND METHODS
Greenhouse Experiments

Thirty-eight genotypes of sugar beet (Beta
vulgaris L.) procured from Sugar Beet Seed
Institute (SBSI), Karaj, Iran, were screened
in terms of their resistance to two species of
beet curly top virus, BCTV-Svr and BCTIV,
in four experiments. Plants were maintained
in an insect-proof greenhouse at 25-28°C.
The first experiment was carried out to
evaluate possible resistance in all genotypes
to BCTV-Svr and the genotypes showed
resistant reaction were selected for further
evaluation. In the second experiment, all the
genotypes were tested in terms of their
resistance to BCTIV infection alone and the
resistant genotypes were selected. The third
and fourth experiments were conducted in
greenhouse and the resistant genotypes
selected in the earlier experiments were
evaluated for their reaction to BCTV-Svr
and BCTIV.

Field Experiment

A final experiment was conducted under
field condition where all the 14 resistant
genotypes selected in the greenhouse
experiments were evaluated for resistance to
the natural infection with both virus species.
The field experiment was conducted for two
years, however, there was no natural
infection during second year, and thus data
was not analyzed. In all experiments under
greenhouse conditions, two known lines i.e.
one line as Resistant Control (F-20718, RC)
and the other one as Susceptible Control
(SBSI-2, SC) were used, whereas in the field
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experiments. In addition to these controls,
additional Resistant Control (F-20364, RC)
was also used.

The phenotypic characteristics used for
determination  of  resistant  genotypes
included the incubation period, Disease
Severity Index (DSI) and recovery. For
incubation  period, the times from
inoculation to first appearance of symptoms,
and for recovery, comparisons of symptoms
between two time lapses i.e. weeks 4 and 8
for BCTV-Svr and weeks 6 and 12 for
BCTIV were assayed. To assess the DSI,
each inoculated plant was graded using a 1-9
disease severity scale (Montazeri et al.,
2016). Moreover, virus accumulation in
resistant  genotypes that were not
significantly different from RC was assessed
via semi-quantitative Polymerase Chain
Reaction (semi-gPCR).

Semi-Quantitative PCR

In order to quantify the virus accumulation
in the tested genotypes that were in the same
group with the resistant control, DNA was
extracted from leaf samples at the end of the
6" and 10" weeks following agroinoculation
(Doyle, 1987) and then semi-gPCR was
performed. Primers and programs for semi-
gPCR are shown in Tables 1 and 2. PCR
products obtained were also analyzed by
electrophoresis on a 1% agarose gel in 1X
TBE buffer (90 mMTris-borate, 2 mM

EDTA). Furthermore, DNA molecular
weight markers (GeneRuler™ 1 kb DNA
ladder, Fermentas, Lithuania) were used to
determine the approximate size of amplified
fragments.

Experimental Design and Statistical
Analysis

A completely randomized design, with at
least 20 replicates per line, was used under
greenhouse conditions and then plant
agroinoculation was carried out with the
infectious clone of each virus as described
by Montazeri et al. (2016). Viruses used in
this study were BCTV-Svr, GenBank
accession no. X97203 (Briddon et al., 1998)
provided by Dr. S. A. A. Behjatnia ( Shiraz
University, Shiraz, Iran), and BCTIV-
[IR:Neg:B33P:-Sug:08], GenBank accession
no. JQ707949 (Heydarnejad et al., 2013)
provided by Dr. J. Heydarnejad from Shahid
Bahonar University of Kerman, Kerman,
Iran. The experimental material consisted of
17 genotypes (including 14 selected resistant
genotypes and two RC and one SC lines)
were planted on 6 May 2016 in randomized
complete block design with 6 replications in
7 m long rows 50 cm apart. Disease
symptoms were recorded two times, 15 and
19 weeks after planting.

The data was analyzed via SAS (version
9.1) (SAS Institute 2002) using the General
Linear Model Procedure (Proc GLM). The

Table 1. Oligonucleotide primers used to measure virus accumulation in resistant lines.

Virus and Predicted
- Forward primer 5'’-3' Reverse primer 5’-3’ product size Reference
primer names (Base pairs)
BCTV-Svr-IR , . 5'-TTAATAAAAATA
VIVIVIC 5-AGAAAATATACAAGAAATC-3 ACATCTAC-3' 750 bp (Ebadzad et al., 2008)
5-ACG GAG CTC .
BCTIV-1559- 5'-CAC TCATACAAG i (Heydarnejad, un
FIFL-R GTATCCAG TCCA-3' TCCAAA CASTATT GGC 792 bp published) ®
. 5'-
DNA18S1/S2 5 -AACGGCTA%.CACATCCAAG_ TCATTACTCCGATCCCG 500 bp (Faria et al., 2006)
AA -3'

& Shahid Bahonar University of Kerman, Kerman, Iran; P > F was the probability associated with the F value. LSD =

Fisher’s protected least significant difference value with 0=0.05.

475


https://dorl.net/dor/20.1001.1.16807073.2021.23.2.12.7
https://jast.modares.ac.ir/article-23-37013-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.16807073.2021.23.2.12.7 ]

Saadati et al.

Table 2. Semi-quantitative PCR programs for Beet Curly Top Virus (BCTV-Svr) and Beet Curly Top Iran

Virus (BCTIV).?

PCR cycle BCTV-Svr BCTIV

Temperature (°C) Time Temperature (°C) Time  Cycle
First denaturing 94 5 min 94 3 min 1
Denaturing 94 1 min 94 1 min 18
Annealing 48 40 s 59 1 min 18
Extension 72 1 min 72 1.5 min 18
Final extension 72 10 min 72 10 min 1

8 P > F was the probability associated with the F value. LSD = Fisher’s protected least significant

difference value with a=0.05.

Least Significant Difference (LSD) test at
5% probability level was also employed for
comparison of means.

RESULTS

In all experiments, curly top symptoms
were observed in susceptible line (191) 1-4
weeks after inoculation of plants with either
of the two viruses. The resistance reaction in
the genotypes differed not only in terms of
symptom appearance but also in terms of
severity. The symptoms of BCTIV and
BCTV-Svr in the tested genotypes were the
same as described for infectious clones
(Ebadzad Sahraei et al., 2008; Heydarnejad
et al, 2013). It was found that some
genotypes showed mild symptoms and some
others, despite inoculation, showed no
symptoms at all.

Reaction to BCTV-Svr in Greenhouse
Experiments

Results showed that the time of first
symptom appearance (latent period) varied
from 7 to 20 days, depending on the genotypes
(Table 3). The studied genotypes had different
responses to BCTV-Svr inoculation and the
DSI varied from 2.72 to 8.78 four weeks after
inoculation (Table 3). The highest DSI was
recorded in OT NB5, 16402 x CL510, S1-
91043, and S1-91035 genotypes, whereas
lowest DSI was observed in S1 91019 and
13668x (16042x CL511) genotypes. Disease
severity index recorded within four weeks
varied significantly in different genotypes (P<
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5). The comparison of genotypes also revealed
that genotypes S1 91023, S1 91029, 13668x
(16042x CL511), S1 91019, 16402-66, SC
(607x 474-78-40-90), S1 91025, 13668x
(16042x CL634), S1 91028, and S1 91022
grouped in the same cluster with the resistant
control. These genotypes had the lowest
percentage of infected plants, the highest latent
period, the highest recovery, and the lowest
DSI (Table 3), such that genotypes S1 91019,
S1 91023, and 13668% (16042 x CL511) had
27, 30, and 30% infected plants, respectively.
In semi-gPCR, the resistant genotypes showed
the lowest accumulation of viruses (Figure 1).
Since accumulation of virus in the resistant
genotypes was at low levels, incubation period
could be longer and the rate of recovery could
be faster (Salehi et al., 2006). The genotypes
that had the same statistical group with the
resistant line were inoculated once, and
genotypes reaction did not change in
comparison with the first experiment, except
S1 91025. In the first experiment, line S1
91025, which showed resistance to the virus
(Table 4), fell in the same group with the
susceptible line and its latent period decreased
from 18 days (first experiment) to 8 days.

Reaction to BCTIV in Greenhouse
Experiments

The latent period in the studied genotypes
after inoculation with BCTIV varied from
14 to 29 days (Table 5). The reaction of
genotypes to the virus was assessed Six
weeks after inoculation to BCTIV (Table 5).
In this respect, data analysis demonstrated
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Table 3. Curly top disease severity index after inoculation and latent period in 38 sugar beet genotypes inoculated with
BCTIV infectious clone under greenhouse. *

DslI 23 DslI 23
Accession no weeks g Accession no weeks g
1 a —1 o
4 8 4 8
16396-66 5.58 4.36 10 $1 91025 3.88 2.5 18
16398-66 5.81 4.23 8 $1 91026 5.90 4.3 15
16402-66 391 21 15 S1 91027 6.4 5.13 9
O.T NB5 8.78 7.7 7 $1 91028 3.93 213 17
16402 x CL634 8.44 7.23 7 $1 91029 321 1.34 20
16402 x CL510 8.66 7.6 7 $1-91032 7.00 5.25 10
16402 x CL511 7.73 6.56 8 $1-91033 7.00 53 8
13637 x (16042 x
CL634) 7.80 6.75 10 $1-91034 7.58 6.8 7
13637 x (16042 x
CL510) 5.94 4.27 7 $1-91035 8.46 7.5 7
13637 x (16042 x
CL511) 6.90 5.24 9 $1-91036 571 3.72 13
13668 x
(16042xCL634) 4.33 2.9 14 $1-91040 7.50 6.5 14
13668 x
(16042xCL510) 721 571 8 51-91041 7.60 5.96 12
13668 x
(16042xCL511) 2.84 1.2 18 51-91042 8.44 6.75 10
$191019 2.72 15 20 $1-91043 8.50 6.96 9
$1 91020 6.11 4.85 10 SC (607 x 436-100- 8.08 7 8
42-90)
§191021 5.62 4.12 10 SC (607 ;04)'1'25'19' 6.07 45 9
$191022 4.63 2.8 15 SC (607 23)7 4-78-40- 367 17 15
§1 91023 3.00 1.25 17 F—20718 3.75 2.5 15
S1 91024 6.11 4.11 14 191 6.81 5.8 8

P>F, LSD (P < 0.05) = 1.47

% P > F was the probability associated with the F value. LSD = Fisher’s protected least significant difference value with
a=0.05.

Table 4. Curly top disease severity index at the end of 4 week after inoculation with BCTV-Svr infectious clone under
greenhouse condition.

[ Downloaded from jast.modares.ac.ir on 2024-12-26 |

Accession number DSl in the fourth week Statistical group*
$1 91019 2.66 B
13668x (16042x CL511) 2.56 B
S1 91023 1.71 B
$1 91029 2.29 B
SC (607x 474-78-40-90) 3.25 B
F-20718 3.20 B
16402-66 2.58 B
$1 91028 3.13 B
13668x (16042x CL634) 3.23 B
S1 91022 3.35 B
S1 91025 5.83 A
191 6.25 A

[ DOR: 20.1001.1.16807073.2021.23.2.12.7 ]

* Means followed by the same letter did not differ based on Fisher’s protected least significant difference (LSD) value
with o = 0.05.
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Figure 1. Semi g-PCR for quantitation of BCTV-Svr in genotypes resistant to BCTV-Svr. Specific 750 bp for
BCTV-Svr and 500 bp for 18S rDNA fragments in the sugar beet lines. Electrophoresis was carried out on a 1
% agarose gel. M: Size marker (GeneRuler™ 1 kb DNA ladder, Fermentas); Lane 1: Non-inoculated sugar
beet, Lane 2: RC (F-20718), Lane 12: SC (191), Lanes 3-11 and 13: (Tested genotypes)= 13668* (16042*
CL511), S1 91019, 16402-66, SC (607* 474-78-40-90), S1 91025, S1 91029, S1 91028, 13668* (16042*
CL634), S1 91023 and S1 91022, respectively.

Table 5. Curly top disease severity index after inoculation and latent period in 38 sugar beet genotypes inoculated
with BCTIV infectious clone under greenhouse. *

£73 DSI £73
Accession no &< Accession no weeks £c
a8 a8
6 12 6 12
16396-66 3.86 3.72 17 S191025 433 2.45 17
16398-66 4.05 1.56 20 S191026 4.27 3.79 17
16402-66 5.75 2.90 17 S191027 5.23 4.90 15
O.T NB5 5.7 1.43 15 S191028 2.77 2.46 22
16402x CL634 5.61 1.37 16 S191029 2.16 2.50 21
16402x CL510 5 1.08 18 $1-91032 4.2 3.85 17
16402x CL511 3.37 3.95 17 $1-91033 3.9 3.90 18
13637x  (16042x
CL634) 3.87 1.27 17 $1-91034 4.2 3.56 17
13637x  (16042x
CL510) 5.86 1.05 15 $1-91035 4 3.74 18
13637 x (16042 x
CL511) 6.09 1.09 14 $1-91036 4.2 3.91 18
13668x  (16042x
CL634) 5.69 450 17 $1-91040 5.2 3.60 16
13668 x (16042x
CL510) 3.14 2.00 20 $1-91041 4.2 3.75 14
13668x  (16042x
CL511) 2.6 2.10 23 $1-91042 25 291 22
$191019 2.79 1.80 22 $1-91043 5.12 4.65 14
S1 91020 5.86 5.50 14 € (607"9%3)6'100'42' 6.21 5.68 14
S191021 5.12 450 15 sC (607;(;4)1'25'19' 5.05 5.00 16
S1 91022 45 4.17 17 sC (607"93)7 4-78-40- 2.6 4.00 21
$191023 2.41 411 21 F—20718 2.9 2.00 29
S191024 4.9 4,05 19 191 6.23 4.96 15

P>F,LSD (P<0.05) =104

% P > F was the probability associated with the F value. LSD = Fisher’s protected least significant difference

value with 0=0.05.
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that the DSI was significantly different
among the genotypes (P< 0.05). Moreover,
the genotypes 13637x (16042x CL511), S1
91020, and SC (607x 436-100-42-90) had
the highest, while the genotypes S1-91042,
S1 91029, and S1 91023 had the lowest DSI.
Severe stunting was also observed in the
genotypes 13637x (16042x CL510) and
13637x (16042x CL511). On comparing
means, it was also revealed that genotypes
S1 91019, SC (607x 474-78-40-90), S1
91029, S1-91042, 13668x% (16042x CL511),
S1 91023, 16398-66, 13668x (16042x
CL510), and S1 91028 did not differ
significantly from the resistant control. This
statistical group had the lowest DSI as well
as the highest incubation period among the
assessed genotypes (Table 5). Moreover,
these resistant genotypes had different
accumulations of viruses when compared
with the susceptible control (Figure 2).

JAST

Despite being in the same statistical groups
with the resistant control and having the
lowest DSI, accumulation of viruses in
genotypes 16398-66 and 13668x (16042x
CL510) was higher than the resistant
control. These genotypes were identified as
tolerance genotypes, the term ‘tolerance was
used for the genotypes in which resistance to
symptom formation or yield loss, rather than
to virus multiplication (Fraser, 1990). To
evaluate the resistant genotypes, the
experiment was repeated. Although in some
genotypes the DSI increased, they had the
same statistical group with resistant control
(Table 6).

Field Experiment

To find genotype(s) resistant to both
viruses, based on greenhouse studies, 14
sugar beet genotypes were selected to test

Figure 2. Semi g-PCR for quantitation of BCTIV in genotypes resistant to BCTIV, specific 790 bp for BCTIV
and 500 bp for 18S rDNA fragment in the sugar beet lines, electrophoresis on a 1% agarose gel and staining by
ethidium bromide. M: Size marker (GeneRuler™ 1 kb DNA ladder, Fermentas); Lane 1: Non-inoculated sugar
beet, Lane 2: RC (F-20718), Lane 12: SC (191), Lanes 3—11: (Tested genotypes)=13668* (16042* CL511), S1
91019, S1 91028, 13668* (16042*CL510), S1 91029, S1-91041, S1 91023, SC (607* 474-78-40-90) and 16398-
66.

Table 6. Curly top disease severity index at the end of 6 weeks after inoculation with BCTIV infectious clone
under greenhouse condition.

Accession humber DSl in the sixth week Statistical group™

$191029 2.30 C
S191042 2.64 CB
13668 (16042x CL511) 2.70 CB
SC (607 x 474-78-40-90) 2.70 CB
191028 2.80 CB
S1 91019 2.87 CB
F- 20718 2.96 CB
13668 (16042x CL510) 3.20 CB
16396-66 3.29 CB
S1 91023 3.42 B
191 6.41 A

* Means followed by the same letter did not differ based on Fisher’s protected least significant difference (LSD)
value with o = 0.05.
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against the two viruses under field condition.
The genotypes (Table 7), namely, 13668x
(16042x CL511), S1 91019, S1 91023, S1
91028, S1 91029 and SC (607x 474-78-40-
90), which were resistant to both viruses,
along with 13668x (16042x CL634),
S$191022, 16402-66, and S1 91025 resistant
to BCTV-Svr, as well as 16398-66, [13668x
(16042x CL510] and S1-91042 genotypes,
which were resistant to BCTIV, were
evaluated. The results showed significant
differences among genotypes. Genotypes S1
91019, S1 91022, S1 91023, S1 91028, S1
91029 and S1-91042 belong to the same
group as the resistant control. Among these,
the genotypes S1 91022 and S1-91042 were
resistant to BCTV-Svr and BCTIV,
respectively, under greenhouse condition;
however, in field experiment, these two
along with four other genotypes (S1 91019,
S1 91023, S1 91028, S1 91029) showed
resistance reaction to both viruses (Table 7).
Several genotypes, for example, 13668x
(16042x CL511), SC (607x 474-78-40-90),
S1 91025, 13668x (16042x CL634), 13668%
(16042x CL510), and 16398-66, which had

shown different reactions (resistance or
susceptibility) to the two viruses in
greenhouse assay, demonstrated similar
reactions in the field experiment and all of
them were susceptible.

DISCUSSION

Since BCTV-Svr and BCTIV are the main
causal agents of CTD in Iran (Bolok Yazdi
et al., 2008; Briddon et al., 1998; Varsani et
al., 2014a; Varsani et al., 2014b), and the
most  promising  approach  of their
management is the wuse of resistant
genotypes. Therefore, this research was
carried out to find sugar beet genotypes
resistant to both CTD causal agents. In view
of this, the reaction of 38 sugar beet
genotypes to CTD was evaluated and,
finally, 10 and 7 genotypes resistant to,
respectively, BCTV-Svr and BCTIV under
greenhouse condition and six genotypes
resistant to mixed infections under field
conditions were identified.

The reactions of different genotypes varied

Table 7. Curly top disease severity index, number of infected genotypes and statistical group of sugar beet

genotypes evaluated under field condition. 2

Accession number No plant No. infected plant DSl Statistical group
F-20718 (RC) 321 26 1.21 F
S1-91019 318 44 1.23 F
S1-91022 258 34 1.27 F
S1-91023 267 51 1.30 EF
S191029 265 40 1.33 DEF
S1-91042 266 42 1.35 DEF
S$191028 284 40 1.36 DEF
F-20364 (RC) 334 68 1.44 DEF
$1-91039 127 33 1.52 DE
13668x (16042x CL511) 279 61 1.55 D
S.C (607x 474-78-40-90) 304 92 1.94 C
S$191025 279 66 1.97 CB
13668x (16042x CL634) 288 98 2.03 CB
16398-66 269 81 2.10 CB
13668x (16042x CL510) 289 87 2.18 B
16402-66 296 108 2.44 A
SBSI-2 (SC) 304 129 2.55 A

P> F, LSD (P < 0.05) = 0.2412

% P > F was the probability associated with the F value. LSD = Fisher’s protected least significant difference

value with 0=0.05.
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significantly to viruses. Even in a single
same  accession, different  resistance
reactions to BCTV-Svr and BCTIV were
observed. For example, 16398-66 genotype
was susceptible to BCTV-Svr but resistant
to BCTIV. Such reaction to these viruses
(Montazeri et al., 2016) and to BCTV-CFH
(BCTV-C) that are different from BCTV-
Logan (BCTV-H) have also been reported
by Stenger et al. (1990). A similar reaction
to RNA viruses was reported, where two
pepper  (Capsicum  chinense)  lines
(CNPH275 and PI1159236) were immune
against one specific isolate (TSWV-BSB)
but were susceptible to another isolate
(TSWV-SP) (Boiteux et al., 1993). Since the
host plant and environmental conditions
were the same in this study, it was
concluded that the different reactions of the
host plants would be related to the genomes
of the viruses.

The symptoms reported for both infectious
clones of BCTV-Svr and BCTIV (Fatahi et
al., 2012; Heydarnejad et al., 2013) were
observed in the susceptible line and other
genotypes, confirming that infection assays
of the genotypes has been correctly fulfilled.
The genotypes also showed similar
symptoms to both viruses such as stunted
and distorted plant growth, leaf curling, and
vein swelling as reported earlier by Jahanbin
et al. (2015) and Soleimani et al.(2013).
These results showed that BCTIV induced
milder symptoms than BCTV-Svr. Also,
latent period was different between the two
viruses: it was 14-29 day post-inoculation
(dpi) for BCTIV, in different genotypes,
while it was 7-20 dpi for BCTV-Svr
(Jahanbin et al., 2015; Montazeri et al.,
2016). Several factors such as host, virus
and environment could influence the
symptoms severity and latent period. On the
plant side, species, variety, and age of the
host at the inoculation time, and on the virus
side, species and strain of the virus;
suppression of virus-induced host defenses
such as RNA silencing and the method and
site of inoculation have an effect on the
incubation period (Favara et al., 2019). In
this study, the same genotypes were
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inoculated with both viruses and kept at the
same condition, thus the difference in latent
period could be referred to viruses.

Genotypes 13668x (16042x CL511), SC
(607x 474-78-40-90), S1 91025, 13668x
(16042x CL634), 13668% (16042x CL510),
and 16398-66 were resistant under
greenhouse condition but their reaction
under field condition were susceptibility. It
has been reported that sugar beet cultivars
infected with both BCTV-Svr and BCTIV
show severe symptoms (Fatahi et al., 2012;
Majidi et al., 2015), and viruses
accumulation increase (Majidi et al., 2017).
Moreover, the mixed infection of viruses in
resistant genotypes could change their
reaction or the resistance of genotype could
be compromised (Astaraki et al., 2020).

It should be noted that mixed infections of
both viruses might occur naturally. The
identified genotypes, namely, S1 91019, S1
91022, S1 91023, S1 91028, S1 91029, and
S1-91041 resistant to both viruses under
natural field conditions may further be
evaluated for their agronomic traits and can
be exploited in virus resistant breeding
program of sugar beet.
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