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Abstract

Najar, A., I. Ben Fekih, H. Ben Ghanem, S.G. Kumari and A. Varsani. 2017. Barley yellow dwarf virus-PAV
management using seed-treatment with the insecticide imidacloprid. Arab Journal of Plant Protection, 35(3): 178-184.

This research aimed to investigate the effectiveness of the insecticide imidacloprid as seed treatment against Barley yellow dwarf
virus—-PAV (BYDV-PAV) infection in barley. Artificial inoculation of resistant (QB 813-2) and susceptible (Manel, Rihane and Cyclon)
barley cultivars with BYDV-PAV under field conditions was conducted through the bird cherry-oat aphid (Rhopalosiphum padi). Following
inoculation, virus incidence was monitored on the various cultivars, and growth parameters such as plant height, biomass, grain yield and
thousand seed weight were measured. Seed treatment with imidacloprid, was applied at concentrations of 0.7, 1.4 and 2 g a.i/kg seed. The
highest reduction in BYDV incidence was observed after treatment with the concentration of 1.4 g a.i/kg seed. The results also indicated that
the 1.4 g a.i/kg seed treatment significantly reduced the impact of BYDV-PAYV infection on plant height for the susceptible cultivars Manel
and Cyclon. An improvement in the biomass, grain yield and thousand kernels weight was recorded after imidacloprid treatment of the
susceptible cultivars at the concentration of 1.4 g a.i/kg seed, and this concentration can be considered an economic practice for BYDV
management in barley fields at locations where BYDV incidence is high.
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Introduction

Barley yellow dwarf viruses (BYDVs) (family
Luteoviridae) are globally the most damaging virus diseases
of cereals (6, 28). The most important of these viruses is
Barley yellow dwarf virus-PAV (BYDV-PAV), Barley
yellow dwarf virus-MAV  (BYDV-MAV) (genus
Luteovirus), and Cereal yellow dwarf virus-RPV (CYDV-
RPV) (genus Polerovirus) (14, 24, 25, 28). Sitobion avenae
F. and Rhopalosiphum padi L. are the two main aphid
species recognized to transmit BYDVs efficiently (11, 29).
Thus, occurrence of these aphids in cereal fields may lead
to the establishment and dissemination of BYDVs.

In Tunisia, barley is among the important economic
crops and plays a key role in the country’s agri-food sector.
Commonly, barley is sown during early November in
Tunisia. During the early stage of vegetative growth, the
plants are most susceptible to BYDVs infection and
significant numbers of winged aphids were often observed
in barley fields in Tunisia (4). This vulnerable vegetative
growth stage in early winter with mild temperature offers a
suitable environment for aphid infestation, and thus leads to
primary spread of viral diseases. Previously, the impact of
aphid infestation during early and mid-vegetative stages on
the establishment of primary and secondary spread of
barley-associated viral diseases was highlighted earlier
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(11). Other studies in Tunisia reported the wide occurrence
of BYDVs in barley, reaching 30% incidence when
infection starts during early growth stage of the plant (2,
19). Earlier virus surveys of barley fields in Tunisia
reported the natural occurrence of BYDV-PAV as the
predominant virus species on cereal crops (16). Several
methods are reported for BYDVs management such as: (i)
cultural management based on high plant density, since
winged aphid vectors have preference to land in fields with
low plant density (21); (ii) timely seeding, based on delayed
sowing to avoid peak of aphid flights (3); and (iii) Genetic
resistance, based on the selection and use of BYDV-
resistant cultivars (9). Among the insecticides used to
control virus vectors, imidacloprid a neonicotinoid
representing the highest selling insecticide worldwide (13),
was successfully used as a seed treatment to control insect
pests of several crops such as sugar beet, maize and
vegetables (1) and applied early in the season. This
insecticide is commonly applied to control sucking insects
such as aphids, thrips, plant hoppers, some coleopteran and
some lepidopteran pest species (7, 8, 30). Several studies
reported the benefit of seed treatment to protect chemical
molecules from rain and UV degradation beside the
reduction of labor cost (23). However, few studies
investigated the effect of imidacloprid in reducing BYDV
incidence on cereal crops through aphid control (18).
Within this context, we carried out this study to assess,
under field conditions, the effectiveness of the imidacloprid
as seed treatment against R. padi to reduce BYDV-PAV
infection. The major aim was to define the appropriate
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economic concentration of imidacloprid as seed treatment
applied mainly to barley varieties commonly sown by
Tunisian farmers.

Materials and Methods

Plant material

Four barley cultivars (Manel, Rihane, Cyclon and QB 813-
2) were used in this study. Manel and Rihane are common
Tunisian cultivars that are high yielding but susceptible to
BYDV infection. Cyclon and QB 813-2 (+ Yd2) both
provided by ICARDA, served as susceptible and resistant
control to BYDV infection, respectively.

Field trial

Field experiments were conducted in the 2003/2004
cropping season at the experimental station in Oued Beja
(North of Tunisia) of the National Agricultural Research
Institute of Tunisia (INRAT). Annual fertilization was
based on broadcasting DAP (100 kg/ha) one week prior to
sowing and two applications of urea (75 kg/ha) during the
3-leaf stage and at early tillering. Before tillering, weed
control was performed using the herbicides Illoxan (2 I/ha)
against monocots and Sansac (0.8 I/ha) against broad-leaf
weeds. Faba bean was the previously cultivated crop in the
experimental field used for this study.

Seed treatments and experimental setup

The insecticide imidacloprid (N-{1-[(6-Chloro-3-pyridyl)
methyl]-4,5-dihydroimidazol-2-yl}nitramide) registered
worldwide, mixed with starch as an additive was evaluated
for seed-treatment application. Seeds were coated with
imidacloprid at the rate of 0.7, 1.4 and 2.0 g a.i/kg seed.
Two groups of untreated seeds were included: (i) virus-
inoculated at 2-3 leaf-stage (0) and (ii) non-inoculated
(Control). The imidacloprid treatments were the main factor
evaluated and the barley cultivars were the sub-factor. The
adopted design included three blocks; each block included
five sub-blocks. Each sub-block was divided into four
experimental units to accommaodate the tested cultivars. For
each treatment, around 40 seeds were sown in four rows
(1.5 m long) and 25 cm apart.

BYDV isolate maintenance

The BYDV-PAV Tunisian isolate used in this study was
previously identified in infected barley plants collected
from the Cap-Bon region, Tunisia (19). This isolate was
maintained on Manel cultivar through successive serial
aphid (Rhopalosiphum padi) transfer.

Aphid vector rearing

R. padi, known for its high efficiency in transmitting
BYDV-PAV (20) was used in this study. Aphid rearing
was initiated by using apterous aphids fed on nutritive
media (20% sucrose) through a parafilm membrane as
previously described (5). Petri dishes, 90 mm diameter,
were used as support to assure the first-instar nymphs
production.  Aphids were reared in polyvinyl chloride
(PVC) plastic cages in a growth chamber at 20°C under
light: dark (16:8 h) conditions.
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Virus acquisition and transmission

Aphid colonies were kept on infected plants for 48 h to
provide access to the virus. Twenty days after sowing at 2-
3 leaf stage, R. padi were then placed on all plants in the
field (5 viruliferous aphids/plant) to ensure inoculation. The
aphids were killed 3 days later with a non-systemic
insecticide spray, to avoid their multiplication and their
effect as pests. Fifteen days later, BYDV-PAV presence in
inoculated plants was confirmed by the tissue blot
immunoassay (TBIA) test (17).

Data collection

Data was collected from an area of 1 m? in the center of
each experimental plot. In order to estimate the infection
rate, the number of infected plants per100 tested plants was
measured. Plant height (cm), biomass (g/m?), grain yield
(g/m? and thousand kernels weight (g) were also
determined.

Data analysis

The adopted model was a split-plot experimental design as
Yiik)= U + Ri + Tj + e (@) + Cx + (TXC) jx + e (b) Where yij«
is the response of the effectiveness of the treatment (j) in
the replicate (i) for the corresponding cultivar (k); Ri, T;,
e(@) and Cy refers to block effect, treatment effect, errors
related to treatment and cultivar effect, respectively.
(TxC)  and e(b) represent the interaction cultivar x
treatment and associated experimental error . ANOVA and
least significant differences (LSD)-test at P=0.05 using
SAS 9.1 software were used to analyze the data.

Results

Analysis of variance (ANOVA) showed a highly significant
(P=0.001) effect of the interaction between treatment and
cultivars on infection rates (INF), biomass yield (BM) and
grain yield (RG), and significant (P=0.05) effect on stem
height (H) (Table 1).

Evaluation of the interaction between seed treatment
and cultivars

Effect on infection rates - Seed treatment with
imidacloprid affected BYDV-PAV incidence regardless of
applied doses (Figure 1). For the four varieties, a significant
decrease in the infection rate was observed with
concentrations of 0.7 and 1.4 g a.i/kg seed. After treatment,
infection rate was 30.65%, 10.34%, 32.33% and 25.34% for
the varieties Cyclon, QB813-2, Manel and Rihane,
respectively. No significant difference was found for using
a concentration higher than 1.4 g a.i/kg seed.

Effect on plant height - As can be seen in Figure 2-A,
except for Manel, BYDV-PAV infection reduced plant
height of all cultivars tested significantly. The imidacloprid
treatment at the concentrations of 1.4 and 2 g a.i/kg seed
reduced the effect of BYDV-PAV making it not
significantly different when compared with the healthy
control. The average plant height for the susceptible variety
Cyclon was 40% less compared to that of the control. In



response to 0.7, 1.4 and 2 g a.i/kg seed treatments, the plant
height increased by 50, 90 and 100%, respectively.

Effect on biomass - The imidacloprid treatment impact on
biomass was also affected by the applied concentration and
the tested cultivars (Figure 2-B). Except for the resistant
variety QB813-2, a significant biomass increase was
observed among treatments. However, the concentration 0.7
g/kg was not sufficient to protect the susceptible cultivar
Cyclon from BYDV-PAYV infection. The same results were
found for Tunisian varieties Manel and Rihane.

A highly significant effect for applying imidacloprid
at 1.4 g a.i/kg seed on biomass was obtained for the three
BYDV-PAYV sensitive cultivars, Cyclon, Manel and Rihane.
In fact, seed treatment had simultaneously decreased viral
infection and increased biomass yield by 93.33, 65.40 and
50.90% for Cyclon, Manel and Rihane, respectively. No
difference was found between the effects of 1.4 and 2 g
a.i/kg seed concentrations.

Effect on grain yield - Seed-treatment of the susceptible
variety Cyclon at the concentration 0, 0.7 and 1.4 g a.i/kg

seed led to a significant increase in grain yield by 84.30,
175.30 and 317.33 g/m?, respectively (Figure 2-C). In
addition, grain yield increase of 37.66 and 32.10%,
respectively, for Manel and Rihane cultivars was obtained
in response to 0.7 and to 1.4 g a.i/kg seed treatment. The
BYDV resistant variety QB 813-2 did not show significant
increase in grain yield in response to seed treatment.

Effect of imidacloprid treatment and cultivars on
thousand kernels weight (TKW) - The effect of
imidacloprid treatment on the thousand kernels weight was
obtained only for the Cyclon and Manel cultivars (Figure 2-
D). For cv. Cyclon, significant increase of this parameter
was obtained in response to the concentration 0.7 g a.i/kg
seed, but was not comparable to the uninfected plants
(control) at the concentration 1.4 g a.i/kg seed. For the
Manel variety, there was a tendency for the TKW increase
in response to treatment concentration, however, the
difference was only significant in response to the
concentration 1.4 g a.i/lkg seed for the inoculated and
untreated plants.

Table 1. Mean square of plant height (H), biomass (BM), grain yield (GY), thousand kernels weight (TKW) and infection rate
(INF) of the tested barley cultivars Cyclon, QB813-2, Manel and Rihane.

Source of Variation DF H (cm) BM(g)/m? GY(g)/m? TKW(g) INF(%)
Replicationss (R) 2 5,417 31453,850* 5531,89** 4,122** 29,617
Treatments(T) 4 338,958** 826360,21** 114048,13** 5,814** 14845,475**
E(a) 8 14,271 2423,496 567,24 0,469 20,138
Cultivars(V) 3 933,333** 953840,46** 72076,05** 165,753** 237,617**
TxV 12 40,625* 53913,531** 6724,62** 0,813™ 83,908**
E(b) 30 17,500 8083,300 1827,92 0,770 17,167

* Significantly different at P=0.05; ** significantly different at P=0.01; ns = not significantly different at P=0.05.
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Figure 1. Effect of seed treatment with Imidacloprid insecticide on Barley yellow dwarf virus-PAV (BYDV-PAYV) infection
(%) on four barley cultivars (Cyclon, QB813-2, Rihane and Manel). Bars with similar letters are not significantly different at

P=0.05.
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Figure 2. Effect of seed treatment with Imidacloprid insecticide on plant height (A), biomass (B), grain yield (C) and thousand
kernel weight (D) of four barley cultivars (Cyclon, QB813-2, Rihane and Manel) after infection with Barley yellow dwarf
virus-PAV (BYDV-PAV). Bars with similar letters for each trait are not significantly different at P=0.05.
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Discussion

This study documents for the first time in Tunisia, the
efficiency of imidacloprid as seed treatment to control
BYDV-PAV under field conditions. Imidacloprid seed-
treatment reduced BYDV-PAV infection in both resistant
(QB 813-2) and susceptible barley cultivars (Cyclon, Manel
and Rihane). Several earlier studies reported the efficiency
of imidacloprid in reducing BYDV infection in cereals (10,
11, 26). Other studies related to the effect of imidacloprid
seed-treatment also reported the efficacy of imidacloprid in
reducing Potato leafroll virus (27), and Sugar yellows virus
(12) infection.

Imidacloprid seed-treatment resulted in a significant
reduction in BYDV-PAYV infection when 1.4 ga.i/ kg seed
treatment was used, whereas no further significant effect
was obtained with 2 g a.i/kg seed treatment. The same
concentration did show a significant effect on biomass and
yield of the susceptible cultivars. Therefore, the use of
imidacloprid seed-treatment at 1.4 g a.i /kg of seeds to
reduce BYDV incidence in barley fields seems to be an
appropriate concentration to be used by farmers in years of
high BYDV incidence. In this study, the use of higher
concentration was found not necessary and consequently
not recommended. This finding is in agreement with an
earlier study (18), where they reported that seed dressing
with imidacloprid at 1.4 g a.i./kg seed has effectively
reduced the incidence of Bean leafroll virus and Faba bean
necrotic yellows virus in faba bean and lentil crops under
both glasshouse and field conditions.

The use of imidacloprid as seed or foliar-treatment
against aphids has been previously investigated (8, 11, 15).
In this study, only the application of imidacloprid as seed-
treatment to control primary infection of BYDV-PAV
transmitted by R. padi during fall, was investigated. A

significant effect of the adopted treatment to reduce BYDV-
PAV incidence and improve both biomass and yield was
highlighted. This is consistent with an earlier study (26) that
demonstrated no significant difference on BYDV incidence
in wheat between using imidacloprid seed-treatment alone
and seed-treatment followed by seven foliar insecticide
applications.

Even though imidacloprid has shown to be efficient
against virus vectors, the residual effect of this systemic
insecticide after seed treatment has been always a concern.
In this study, the residual effect of imidacloprid in barley
was not considered. However, a study previously performed
(22) has shown that there is no residual effect after seed-
treatment with the systemic neonicotinoids in cereal crops
such as wheat.

The use of chemical insecticides remains an important
component of pest control. However, the need for eco-
friendly control approaches remains an important aspect to
be adopted within the integrated pest management context.
The use of resistant cultivars to the virus would always be
the most practical and cost effective mean for BYDV
management, as long as the resistance genes have the
ability to express themselves in the target environment.
This is the case of the Yd2 gene, which has shown
effectiveness in international barley breeding programs for
resistance to BYDV (9). In the absence of resistant cultivars
and in regions of high risk of BYDV epidemic, seed
treatment with imidacloprid may further reduce the primary
and secondary spread of BYDV in cereal producing
regions.
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