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Abstract
Background and Objective: Iris Yellow Spot Virus (IYSV) genus Tospovirus, family Bunyaviridae is one of the most important viruses
affecting onion crops worldwide. In Egypt, IYSV was recorded for the first time from onion since, 2004. Thrips tabaci   L. is the mainly vector
of this virus. The present study was conducted to test the effect of jojoba seeds extract and  riboflavin  on  decrease  the  transmission 
rate  of  IYSV by Thrips. Materials and Methods: The virus has been isolated from naturally infected onion plants grown in the
experimental farm, Faculty of Agriculture, Cairo University, Giza. It was identified by mechanically and T. tabaci  transmissibility,
symptomatology, serology and transmission electron microscopy. Two pots experiments were conducted in 2013-2014 seasons to study
the effect of spraying with jojoba seeds extract  at  100,  500  and 1000 µg mLG1  and  riboflavin  at  0.5,  1.0  and  2.5 mM  to  inhibit 
infection  with  IYSV  in  onion  plants (cv. Giza 20) exposed to Thrips. Data were subjected to analysis of variance and the means were
compared using the Least Significant Difference (LSD) test at the 0.05 levels. Results: All treatments with jojoba seeds extract caused virus
inhibition through reduction in the transmission rates of  IYSV by T. tabaci  and riboflavin through induced resistance against virus
infection when plants were sprayed before the virus transmission. The highest concentration of jojoba seed extract (1000 µg mLG1) and
riboflavin at (1 mM) were the best treatments which resulted in the highest reduction of viral infection (58 and 36%), respectively. The
different treatments resulted in significant increase in photosynthetic pigments, pungency compounds and activity of peroxidase (POD),
polyphenol oxidase (PPO), phenylalanine ammonia-lyase (PAL) and glutathione content compared with infected plants. Moreover, all
treatments recorded decrements in activity of superoxide dismutase (SOD) compared with the untreated ones. Conclusion: It is suggested
that reduction in the incidence and severity of IYSV infection in onion plant may be achieved by treatments with jojoba seeds extract and
riboflavin when onion plants were sprayed before IYSV Thrips  transmission.
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INTRODUCTION

Onion (Allium cepa L.) is one of the most widely grown
vegetable crops on a commercial scale. It is extensively
cultivated all over the world1. Onion is the most economically
significant member of family  Alliaceae,  it  is  ranked  as  the
3rd important vegetable crops after tomato and potato
according to annual production (2024881 t) in Egypt2. Onion
is used as a spice and food in most parts of the world however,
it has been valued for millennia also for medicinal properties3.
Onion plants are susceptible to several viral diseases such as
Onion Yellow Dwarf Virus (OYDV), Iris Yellow Spot Virus (IYSV),
Leek Yellow Stripe Virus (LYSV) and Garlic Common Latent
Virus (GCLV)4.

Iris Yellow Spot Virus (IYSV), genus Tospovirus,  family
Bunyaviridae has become the most studied onion plant virus.
The IYSV is a serious yield-reducing pathogen of onion and
other Allium   crops worldwide. It is considered as an emerging
virus whose world presence and distribution have recently
dramatically increased5. The IYSV has been reported infecting
onion in Egypt6-9. The virus causes irregularly shaped, tan to
bleached white or straw colored and necrotic lesions on onion
leaves10. Infected onion plants can be affected by tip dieback
and also progressively by necrosis of older leaf area, resulting
in reduced yield, bulb size and this infection is most damaging
to onion seed crops where losses may reach upto 100%11. The
IYSV has caused considerable onion losses in Brazil, Israel and
the United States representing an immediate and serious
threat to sustainable and productive onion cropping
systems12. The IYSV is mechanically transmitted but not known
to be seed transmissible13 but potential inoculum sources
include volunteer onion plants and onion cull piles as well as
alternative hosts like winter annual, biennial,  perennial weeds,
other  cultivated  Allium  species  and  several  ornamental
species12. The IYSV is vectored principally by onion Thrips
only14-18.

Thrips tabaci Lindeman; (Thysanoptera: Thripidae) is one
of the major insect pests of onion19,20 known to incur huge
loses, 30-50% annually21. It is an important polyphagous
species, sap-feeding pest worldwide with a broad variety of
vegetable and ornamental host plants22-26. Adults and larvae
feed on green leaf parts causes direct damage to the surface
of  leaves  and  different  plant  parts  causing  a  silvery
appearance27-29.  This  damage  reduces  the  plant’s
photosynthetic ability and reduces onion bulb size17,30.

Due to the distinct habit  of  Thrips,  crawling  into  very
small spaces and hiding in narrow crevices which is called
thigmotactic behavior17,31, chemical control is challenging.

Also, its ability to develop resistances to many active
ingredients32-35 and the rising consciousness for the
environmental and health impacts of synthetic pesticides36-38

are driving forces for the search of new alternatives to
synthetic pesticides such as jojoba seed extract and riboflavin
(Vitamin B2).

Jojoba Simmondsia chinensis (Link) schneider is a
semiarid  evergreen  shrub.  It  grows  wild  in  the  desert
South-Western United States and North-Western Mexico.
However, the plant is cultivated in different parts of the world
including  Egypt  due  to  its  high  economic  value39. Jojoba
seeds contain about 50-60% of a unique wax ester oil which
is composed mainly of straight chain monoesters in the range
of C40-C44. Jojoba oil has good markets in the cosmetics and
lubricant industries and recently, it has been reported that the
jojoba seeds possess anti-inflammatory activity40. After oil
extraction of jojoba seeds, a protein rich residue remains
known  as  defatted  jojoba  meal. The  meal  contains  20-32%
of protein consisting mainly of albumins (79%) and globulins
(21%). This  meal  also  contains  approximately  15%  of a
group of glucosides known as simmondsins41. Among these
the  methylated  compounds   simmondsin  and  simmondsin
2-ferulate exhibited food-intake inhibition in rodents and
chickens and showed  a  strong  insecticidal  activity  against
the  third  instars  larvae of Spodoptera  littoralis  (Boisduval)
(Lepidoptera: Noctuidae). Also, these compounds showed
anti-feedant  activity  against  S.  littoralis  in  concentration-
dependent manner. In addition these compounds showed
moderate to high antifungal activity against four plant
pathogenic fungi42.

Riboflavin (vitamin B2) is a vitamin produced by plants
and microbes that acts as a coenzyme in many physiological
processes in animals, plants and microbes43. Riboflavin is
involved in antioxidant and peroxidation both processes affect
the production of reactive oxygen intermediates in oxidative
burst and consequent Hypersensitive Response (HR). Foliar
application of riboflavin effectively controls several diseases of
tobacco and it reduces powdery mildew of strawberry plants
in combination with methionine, metal ions and surfactant.
Thus, riboflavin may function as a resistance elicitor or a
mediator of resistance signal transduction or acts as a
activator of a novel signaling pathway leading to systemic
resistance44,45.

In most target crops, use of synthetic pesticides is the
most commonly used option for controlling Thrips.  These
treatments cause residue and insecticide resistance problems
are costly and undesirable with regard to risks to operators,
livestock and non target organisms46. Thus, certain plant
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derived products have been promoted in recent years as
alternatives to traditional chemical method. They possess
good efficacy and are environmentally friendly against insect
pests.

Thus, the objectives of this study were investigate the
activities of jojoba seeds extract and riboflavin for controlling
infection with Iris Yellow Spot Virus (IYSV) in onion plants
under greenhouse conditions. Also, study the effects of
different treatments on activities of antioxidant and
transaminases enzymes in the young leaves of onion plants
cultivar Giza 20 in order to select the effective treatments for
inhibiting the virus infection. On the other hand, study the
cytological differences between healthy plants and artificially
infected one to confirm the infection with virus.

MATERIALS AND METHODS

Virus identification and propagation: Samples from naturally
infected onion plants exhibiting characteristic IYSV were
collected from the experimental farm of Faculty of Agriculture,
Cairo University. The observed symptoms included chlorotic
or necrotic, straw-colored to white,  dry,  elongate or spindle
shaped lesions. Indirect ELISA technique described by
Converse and Martin47  was  used to test the collected samples
using an induced antiserum for IYSV8. The positive samples
reacting with IYSV antiserum were used as a source of virus
and mechanically inoculated to indicator host plants. The
samples were inoculated to Chenopodium  quinoa,
Chenopodium  murale,  Datura stramonium  and  Nicotiana 
benthamiana  plants  though three consecutive passage for
biological purification of the virus isolate48, then mechanically
transmitted to onion plant seedlings cv. Giza 20 which served
as a source of Thrips  transmission and for virus propagation.

Maintenance of culture virus free of Thrips tabaci  L.: Thrips
were collected from onion field at Giza region, adults were
mounted on microscope slides according to the methodology
proposed by Mound49. Identification of Thrips was conducted
using a taxonomic key of Moritz et al.50. The stock culture of
identified T. tabaci  was maintained on healthy onion plants
(Allium  cepa  L.) in the climate room. The onion plants were
grown in small pots (10 cm diameter and 8 cm height) within
a greenhouse. The fresh plants were added weekly and the 
old  plants  were  removed when the Thrips had moved to new
plants. The rearing of T. tabaci  took place in a climatically
controlled room at 25±1EC temperature, 60±10% RH and
16:8 h (L:D) photoperiod51.

Acquisition and transmission of IYSV using Thrips  tabaci   L.:
Newly hatched larvae, 0-4 h old were placed on onion infected
IYSV as source of the virus with an Acquisition Access Period
(AAP) of 4 h and then reared on healthy onion plants until
adult emergence (Viruliferous adults). Another group of newly
hatched larvae (0-4  h old) of Thrips  caged on virus-free onion
were used as controls (Virus free adults). All experiments were
carried out at 25±0.5EC with a 16 h light photoperiod.

Preparation of jojoba seeds extract: Seeds of jojoba
(Simmondsia  chinensis  L.) schneider were collected from the
experimental station of Faculty of Agriculture, Cairo University,
Egypt during September, 2013. Dried and powdered seeds of
S. chinensis  were  extracted  with  petroleum  ether  (60-80EC)
to removal oil and waxes substances then defatted jojoba
meal was ground in a coffee mill to obtain a finely divided
material which suitable for extraction studies. Batch extraction
were performed at 25EC with 2 g  samples of ground defatted
jojoba meal for 30 min. Aqueous solution of 80% ethanol was
used for extraction with 1:10 meal to solvent ratio at 25EC then
the extract was filter and used as a source of simmondsin and
simmondsin-2-ferulate according to Holser and Abbott52. 

Greenhouse experiment: A pot  experiment  was  conducted
in the greenhouse of Faculty of Agriculture, Cairo University,
Department of Economic Entomology and Pesticides. Insect
Virology Unit, Giza, Egypt during 2013-2014 winter seasons in
order to evaluate the effect of viral infection and different
treatments with antiviral compounds on the change of
biochemical compounds in the young leaves of onion plants.
Onion plants at the 6-8 leaf stage of healthy test plants were
divided into four groups, 1st were sprayed with water
(Negative  control),  2nd  group  was   infected   with  (IYSV)
virus using Thrips transmission (Positive control), 3rd group
was  sprayed  with  jojoba  seeds  extract  at  (100,  500  and
1000 µg mLG1) according to Abbassy et al.42  and 4th group
was  sprayed  with  riboflavin  at  concentration  (0.5, 1.0  and
2.5 mM) according to Dong and Beer53. Whole, plants were
kept for 1 week then groups 3 and 4 were inoculated with
virus using viroulifrous Thrips  as follow:

Thrips transmission tests: Thrips  (adults) that reared on the
IYSV source plant (Viruliferous)  were used in the transmission
tests for all treatments onion seedling plants, Thrips  were
transferred using a fin camel brush and were placed on onion
seedling test plants, 10 viruliferous adults were used /each test
plant,  another  group  (10  virus-free   Thrips)/each   test   plant
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were used as (Negative control). After that,  Thrips  were killed
by spraying with 0.01% malathion and plants were observed
for developing virus symptoms for 3-4 weeks.

Indirect ELISA method: Indirect ELISA method was done as
described by Converse and Martin47 to detect the virus isolate
and to study the reducing effect of treatments with jojoba
seeds extract and riboflavin on infection with IYSV in onion
plants.
 
Electron microscopy examination
Virus morphology: Electron microscopic examination of
negatively  stained  leaf   dip  preparations  by  2%
phospotungestic acid was caried out according to Ahlawat
and Varma54 and examined under a JOEL-1400 Transmission
Electron Microscope (TEM) at electron microscope unit.
Faculty of Agriculture, Research Park, Cairo University (FARP).
 
Ultrathin section: Onion leaf tissues healthy and infected with
IYSV through insect transmission (15 days post inoculation)
were examined using thin sections by TEM. The healthy and
infected leaves were cut into small pieces about 1-2 mm, fixed
in 2% glutraldhyde in 0.1 M Na-cacodylate buffer pH 7.2 and
subjected to a vacuum for 1-4 min every 15 min for 2 h on ice.
Prior  to  vacuum  treatment  and  floating  samples  were
poked under the buffer  surface with pointed metal pokers.
Rinsing  took  place  in  0.1 M   Na-cacodylate  buffer  pH 7.2 for
45 min with buffer changes at 15 min with pointed metal
pokers. Rinsing took place in 0.1 M pH 7.2 for 45 min with
buffer  changes  at  15  and  30 min  further fixation  in  1%
osmium tetraoxide in Na-cacodylate buffer pH 7.2, under
intermittent vacuum  and  poking  and  took  place  for 1.5 h55.
The  samples  were  rinsed  in the Na-cacodylate buffer then
dehydrated through an ethanol series  (35-50-70-80-95-100%)
for  60 min  and  then   infiltrate with the resin mixture through
a  graded  serics  in  glass  vials  with  polypropylene  caps.
Semi-thin sections were prepared on glass slides through
cutting at 1 µ using the ultra-microtome. They were cut and
stained with toludine blue for 5 min and examined by light
microscopy  model  Olympus  UC  30  BX53.  Both  semi  and
ultra-thin     sections   were   cut   using   ultra-microtome
(Leica model EM-UC6) at thickness  90 nm and mounted on
copper grids (400 mish). Ultra-thin sections were stained with
double stains (urinal acetate 2% for 10 min followed by lead
citrate for 5 min and examined  by  transmission  electron 
microscope (JOEL-JM- 100-C) at the candidate magnification

at (AL-Azhar Univ.). Electron micrographs were captured by
CCD camera model AMT and optronics camera with
1632×1632 pixel format as side mount configuration.

Chemical analysis of leaves
Photosynthetic  pigments:  Chlorophyll  (a  and  b)  and
carotenoids were determined after extraction in 80% acetone
according to the method reported by Holden56.
 
Determination of flavonoids and total phenolic compounds:
The  ethanol  extracts  of onion leaves after 7 days from the
virus infection were used to determine, total soluble phenols
and total flavonoids. The total flavonoids content was
determined according to the aluminum chloride colorimetric
method  described  by  Chang et al.57. Total phenolic contents
were   determined     using    the    Folin-ciocalteu   method
Meda et al.58.

Determination of pungency in onion leaves: Pungency in
onion leaves was determined as pyruvate content according
to Schwimmer and Weston59.

Preparation of cytosolic fraction: Leaves tissue of onion
about 1 g was excised and homogenized using mortar and
pestle in 4 mL of ice-cold grinding buffer containing 250 mM
sucrose, 25 mM tris and pH was adjusted to 7.2. The
homogenate was centrifuged at 12000 g for 15 min at 4EC.
The resulting supernatant was used for analyses of enzyme
activities,  GSH,  lipid  peroxidation and protein content.
 
Enzymes assay: The activity of cytosolic superoxide dismutase
(SOD) was assayed by measuring its ability to inhibit the
photochemical reduction of NBT according to method of
Ginnopolitis and Ries60. Spectrophotometrically method as
described by Amako et al.61  was used to assay the peroxidase
(POD) activity, polyphenol oxidase (PPO) activity was assayed
by using photochemical method as  described  by Coseteng
and Lee62 and phenylalanine ammonia-lyase (PAL) activity was
done according to Dickerson et al.63.
 
Determination of lipid peroxidation products: The lipid
peroxidation products was estimated by the formation of
thiobarbaturic acid reactive substances (TBARS) and
quantified in term of malonaldheyde (MDA) as described by
Haraguchi et al.64. The lipid  peroxidation  was  expressed  as
µM of MDA. The extinction coefficient of TBARS was taken as
1.56×105 mM at wave length 532 nm.
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Determination of glutathione (GSH): The GSH content was
estimated by the acid-soluble sulfhydryl (SH) level in the tissue
homogenates as described by La Vecchia et al.65.

Determination of protein: Protein levels of cytosolic were
determined spectrophotometrically at 595 nm  using comassie
blue G 250 as a protein binding66. Bovine serum albumin (BSA)
was used as a protein standard.

Statistical analysis: The obtained data were subjected to an
analysis of variance and the means were compared using the
Least Significant Difference (LSD) test at the 0.05 levels
according to Snedecor and Cochran67.

RESULTS

Virus identification and propagation: Symptoms of the virus
in naturally infected onion plant showed chlorotic  or  necrotic,
straw-colored   to    white,    dry,   elongate   or  spindle-shaped
lesions on onion leaf and spindle to diamond shaped lesions
on the flower scapes and tip dieback (Fig. 1a-d). To confirm
symptom   development   and    Koch’s    postulates,   virus-free 
onion seedlings cv. Giza 20 in the greenhouse were inoculated
mechanically  with  plant  sap  from  naturally   infected   onion

plants  developed  symptoms  identical   to   those   observed
on  naturally  infected  plants. Symptoms  appeared 7-10 days
post  inoculation. On  the  other  hand,  similar  symptoms  of
IYSV  Thrips   transmitted  to  onion  plant  showed  chlorotic
or  necrotic,  straw  colored to white,  elongate  or spindle
lesions on onion leaf after 3-4 weeks on onion test plants and
spindle  to  diamond  shaped  lesions  on  the flower  scapes
and  tip dieback  7-8  weeks  after  IYSV  transmission (Fig. 1e).
The  virus  infectivity  of  isolate  was   confirmed  biologically
that gave chlorotic local lesions developed on  Chenopdium
quinoa   and   Chenopodium  murale,   necrotic  local  lesions
on  Datura  stramonium   and   Nicotiana   benthamiana   and
necrotic    spot   on   Petunia   hybrid    after  1  week  as   show
(Fig.  2a-e).  Virus   was   detected  by   ELISA   in   all  symptoms
inoculated   plants   which  gave  positive  result  with  IYSY
polyclonal  antibodies  by  indirect  ELISA.

Electron microscopy examination: Leaf samples of onion
were analyzed by TEM in leaf dip preparations. Virus particles
typical of  a  IYSV  were  observed  only  in samples  taken  from
symptomatic leaves stained with 2% phospotungestic acid.
Spherical particles with approximately 90 nm of diameter were
observed (Fig. 3a). On the other hand, electron microscope
examination of ultrathin section of healthy and infected  onion

Fig. 1(a-e): Symptoms of an infected onion plants with IYSV in a commercial onion field and greenhouse, (a) The IYSV Symptoms
development in the field showing chlorotic, elongate ringed lesions on leaves and tip dieback, (b) Straw-colored,
lenticular or spindle-shaped lesions, (c,d) Chlorotic, spindle-shaped lesions on onion leaf and spindle to diamond
shaped lesions  on  the  flower  scapes  and  (e)  Symptoms  of  IYSV  in  the  greenhouse  transmitted  with  virulifierous
Thrips  tabaci  showing the typical symptoms of infected plants
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Fig. 2(a-e): Showing  symptoms   on   different   diagnostic   hosts,  (a)  Chenopodium  quinoa  showing  chlorotic  local  lesion,
(b) Chenopodium  murale  showing  chlorotic  local  lesions,  (c)  Datura  stramonium  showing  necrotic  local  lesions,
(d) Petunia  hybrid  showing necrotic spot and (e) Nicotiana  benthamiana  showing necrotic local lesions

plants with IYSV was done. Ultra-thin section of healthy
samples showed  normal  cell  wall,  nucleus,  mitochondria
and chloroplast (Fig. 3b). However, extensive changes have
been observed in infected mesophyll cell including severe
degeneration of nucleus structure appeared in the large size
of the nucleus, dense aggregation and segmented chromatin
(Fig. 3c) lyses of rough endoplasmic reticulum and nuclear
membrane  producing  many  small  vacuoles  (Fig. 3d) in
addition to the  nucleus  takes  elongated  shape  and  lyses  of
mitochondria and chloroplast in most cells (Fig. 3e). On the
other hand, infected sample showed numerous spherical virus
like  particles  in  cytoplasm  adjacent  to  plasma  membrane
(Fig. 3f).

Effect  of  treatment  with  jojoba  seeds  extract and
riboflavin on  the  transmission  rates  of  IYSV by Thrips  and
infection in onion plants: Data demonstrated in Table 1
according to indirect ELISA test showed that all concentrations

of jojoba seeds extract  (100,  500  and  1000  µg mLG1)  and
riboflavin  (0.5,  1.0  and  2.5  mM)  significantly  reduced
transmission rates of IYSV by Thrips  and the viral infection.
The highest jojoba seeds extract concentration (1000 µg mLG1)
revealed the highest reduction (58%) while, the highest
effective   of    riboflavin    treatment    against    viral    infection
which realized the highest reduction compared with other
treatments was (1 mM) and realized (36%).

Effect of jojoba seeds extract and riboflavin on
photosynthetic pigments of onion leaves: The effect of
jojoba seeds extract and riboflavin with different
concentrations  on   the   photosynthetic   pigments   of   onion
leaves   after    foliar    application    and   inoculation   with
virus  are  shown  in  Table  2.  The  obtained  results  proved
that   the   healthy    plants    (negative   control)  recorded  the
highest  content   of   chlorophyll   a,   b   and   carotenoids
(91.32,  82.68  and 18.56  mg  gG1   fresh   weight,  respectively)
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Fig. 3(a-f): Transmission  Electron  Microscopy  (TEM)  in  leaf   dip   preparations   and   thin   sections   of   onion   leaf   tissues,
(a) Transmission electron microscope image of a leaf dip extract stained with 2% phosphotungestic acid showing
enveloped viral particles in systemically  infected  onion  leaves,  electron  micrographs  representing  the  effect of
IYSV-infection on onion cell organelles compared with those of healthy cells, (b) Mesophyll cell of healthy onion leaf
with normal shape nucleus (Nu), Nucleolus (NO) and No. of  chloroplasts (arrow), (c) Cell of  IYSV-infected leaf showing
large size of the nucleus (Nu), dense aggregation and segmented chromatin (Ch), (d) Lyses of rough endoplasmic
reticulum (rER) and nuclear membrane (NM)  producing many small vacuoles (V), (e) Elongated nucleus and lyses of
mitochondria (M) and chloroplast (C) of infected cell and (f) Showing virus like particles (VLP) in cytoplasm adjacent
plasma membrane (PM)

while,  the  lowest  values  were  found  in  plants  infected
with virus (Positive control) (46.57, 34.28 and 10.95 mg gG1

fresh  weight,  respectively).  In  addition,  a   significant
increase  was  noticed   in  chlorophyll   and  carotenoids

content  in  different   treatments   o  f    jojoba   seeds  extract
and  riboflavin,  the  highest  effect  were  obtained  with
jojoba   seeds   extract   at   1000  µg mLG1   and   riboflavin   at
1 mM.
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Effect of treatments with jojoba seeds extract and
riboflavin on pungency content in onion leaves: Data
demonstrated in Table 3 reveal that healthy plants recorded
the highest content of pyruvic acid (4.91 µmol gG1) while, the
lowest  value  were  found  in    plants  infected  with  virus
(3.66 µmol gG1) and different treatments with antiviral
compounds improvement pungency content. In addition,
jojoba seeds extract at (1000 µg mLG1) and riboflavin at (1 mM)
give  the   highest   content   from   pyruvic   acid   (4.81   and
4.21 µmol gG1,  respectively) compared with infected plants
(3.66 µmol gG1).

Influence of treatments with jojoba seeds extract and
riboflavin on total phenols and flavonoids in onion leaves:
Regarding to the results in Table 4,  it could be noticedthat
viral infection increased the phenols and flavonoids contents
as a natural plants defense compounds.

Jojoba seeds extract and riboflavin administration
positively increased the phenols and flavonoids accumulation
until the highest jojoba seeds extract (1000 µg mLG1) which
reached to (43.70 and 54.52 mg/100 g fresh weight) while, the
riboflavin at (1 mM) phenols and flavonoids contents reached
to (41.12 and 49.13 mg/100 g fresh weight) compared with
infected plants (25.71 and 30.82 mg/100 g fresh weight,
respectively).

Lipid peroxidation, resistance and antioxidant enzymatic
activities: Results in Fig. 4 indicated that the lipid peroxidation
product (as MDA) was lower in healthy plants than infected
plants which their values were (13.14 and 44.39 µmol,
respectively). Their values decreased in different treatments
with antiviral compounds (Fig. 4). The decreasing values of
MDA in treatment with jojoba seeds extract was lower than
treatment with riboflavin, the decreasing values of TBARS at
100, 500 and 1000 µg mLG1 jojoba seeds extract were 30.22,
24.44  and  18.19 µmol  and  in   riboflavin   treatment   at  0.5,1

and 2.5 mM  the  decreasing  values  were  31.53,  27.79  and
35.11 µmol, respectively compared to infected plants (Positive
control). At the same time under viral infection glutathione
content was increased compared with healthy plants which
their values were (3.64 and 2.41 µmol, respectively). These
values increased in different treatments with jojoba seeds
extract and riboflavin which recorded (6.29 and 5.83 µmol) in
jojoba seeds extract at 1000 µg mLG1 and riboflavin at 1 mM,
respectively. To counteract the toxicity of ROS in response to
the variety of stress antioxidant defiance system will be
activated in plants. Thus, the antioxidant and resistance
enzymes peroxidase (POD) superoxide dismutase (SOD)
polyphenol oxidase (PPO) and phenylalanine ammonia-lyase
(PAL) were extracted from onion leaves assayed as specific
activities. Data in Fig. 4 indicated that infection with IYSV
increase activities of these enzymes by three folds compared
with   healthy   plants   while,   treatments   with   jojoba   seeds
extract and riboflavin increased the activities of these enzymes
more than virus infection on plants.

DISCUSSION

In this investigation, IYSV was isolated from naturally
infected onion plants showed symptoms including chlorotic
or  necrotic,  straw-colored  to  white,  dry,  elongate  or
spindle-shaped lesions on onion leaf and  spindle  to  diamond

Table 1: Effect of jojoba seeds extract and riboflavin on the transmission rates of
IYSV by Thrips  and infection with IYSV in onion plants cv. Giza 20

IYSV transmission by Reduction
Treatments (µg mLG1) Thrips  tabaci  (%) of IYSV (%)
Jojoba seeds extract (100 µg mLG1) 69 31
Jojoba seeds extract (500 µg mLG1) 55 45
Jojoba seeds extract (1000 µg mLG1) 42 58
Riboflavin (0.5 mM) 71 29
Riboflavin (1 mM) 64 36
Riboflavin (2.5 mM) 77 23
Infected (Positive control) 100 0

Table 2: Chlorophyll and carotenoid content (mg gG1) in leaves of onion c.v Giza 20 after treatment with antiviral compounds (mg gG1 fresh weight)
Treatment Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
Jojoba seeds extract (100 µg mLG1) 63.27±1.93cd 94.19±2.70a 157.46±4.63b 12.70±0.64cd

Jojoba seeds extract (500 µg mLG1) 73.58±2.62b 56.59±3.04d 130.17±0.69d 13.25±0.81cd

Jojoba seeds extract (1000 µg mLG1) 79.17±3.44b 61.51±1.76c 140.68±4.58c 15.99±0.72b

Riboflavin (0.5 mM) 61.01±2.12cd 48.14±1.03e 109.15±3.56e 13.03±0.59cd

Riboflavin (1 mM) 65.66±1.89c 50.76±1.63de 116.42±0.26e 13.57±0.45c

Riboflavin (2.5 mM) 56.35±1.48d 39.05±0.74f 95.40±1.50f 12.15±0.25cd

Healthy plants 91.32±4.03a 82.68±2.36b 174.00±3.51a 18.56±1.09a

Infected (Untreated) 46.57±1.72e 34.28±2.33f 80.85±2.09g 10.95± 0.46d

LSD (0.05) 6.21 5.32 7.46 1.63
Values are Means±SE. Mean values with different small letters within a column indicate significant differences (p#0.05)
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Fig. 4: Effect of treatment with antiviral compounds on lipid peroxidation (TBARS),  glutathione(GSH),  superoxidedismutase(SOD),
peroxidase (POD), polyphenol oxidase (PPO) and phenylalanine ammonia lyase (PAL) in onion leaves

Table 3: Effect of treatments with jojoba seeds extract and riboflavin on
pungency content in onion leaves (µmol gG1 as pyruvic acid)

Treatment Pungency content
Jojoba seeds extract (100 µg mLG1) 4.10±0.19bc

Jojoba seeds extract (500 µg mLG1) 4.35±0.25bc

Jojoba seeds extract (1000 µg mLG1) 4.81±0.14a

Riboflavin (0.5 mM)  4.04±0.11bc

Riboflavin (1 mM) 4.21±0.14bc

Riboflavin (2.5 mM) 3.96±0.11bc

Healthy plants 4.91±0.12a

Infected (Untreated) 3.66±0.06c

LSD (0.05) 0.36
Values are Means±SE. Mean values with different small letters within a column
indicate significant differences (p#0.05)

Table 4: Influence of jojoba seeds extract and riboflavin on total soluble phenol
and flavonoids content (mg/100 g fresh weight)  of onion leaves

Treatment Total soluble phenol Total flavonoids
Jojoba seeds extract (100 µg mLG1) 35.99±1.43b 39.88±0.76c

Jojoba seeds extract (500 µg mLG1) 39.85±2.23a 47.47±1.58b

Jojoba seeds extract (1000 µg mLG1) 43.70±1.63a 54.52±2.21a

Riboflavin (0.5 mM) 32.76±0.59b 32.22±0.98d

Riboflavin (1 mM) 41.12±1.68a 49.13±1.32b

Riboflavin (2.5 mM) 26.14±1.38c 24.46±0.18e

Healthy plants 16.07±0.40d 17.91±0.79e

Infected (Untreated) 25.71±0.99c 30.82±2.48d

LSD (0.05) 3.44 3.6
Values are Means±SE. Mean values with different small letters within a column
indicate significant differences (p#0.05)

shaped  lesions  on  the  flower  scapes  and  tip  dieback.  On
the  other  hand,  the  virus  under  investigation  was  easily
transmitted  mechanically  and  by Thrips  tabaci  to  onion

seedling  in  the  greenhouse.  Symptoms  resulting  from
mechanical and Thrips  transmission  were similar in all plants
to those observed in naturally infected plants. Symptom
descriptions on indicator plants for this virus are given in.
Common symptoms were chlorotic or necrotic leaf symptoms
were observed after 7 days post inoculation. Such collective
symptoms  have  previously  been  described  for  IYSV
infection68-70. In addition IYSV was serologically reactive to the
induced antiserum using indirect ELISA which detected the
presence of IYSV in naturally infected onion in the field and
onion cv. Giza 20 in the greenhouse. Such results are
confirmed by several researcher applying ELISA for virus
identification71,72,11.

Electron micrograph of a leaf dip extract showing
spherical particles only in systemically infected onion leaves.
On  the  other   hand,   analysis   of   ultra-structural   changes
reflected the external symptoms observed on infected onion
leaves. The chlorotic and necrotic spots on the leaves  were  a
result of effects on the chloroplasts which were completely or
partially degenerated similar to that described by
Garbaczewska et al.73. The nucleus in cells of infected plants
was in some cases enlarged, swollen and contained
segmented chromatine and in others elon.

Gated and lysed allowing virus RNA to release into the
cytoplasm. Virus like particles observed in the cytoplasm and
attached to plasma membrane.  Such  results  were  obtained
by Garg et al.74, Bag et al.75 and Hafez et al.9,76.
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The present investigation showed that jojoba seed
extracts have  been  shown  to  be  repellent  to  the  vector,
Thrips  tabaci  this result goes online with another study,
certain plant essential oils and their constituents have been
shown to be repellent to F.  occidentalis  in laboratory assays77

also, the essential oil from Origanum  majorana  repelled
Thrips  tabaci  in a small scale field trial. The present results
showed that the transmission rates of IYSV decreased by
increasing the different concentration of jojoba seed extract,
this agree with Abtew et al.78 they reported that the repellency
of the extracts increased with the concentration and effect on
behavioral response of M.  sjostedti.

The present results suspect that jojoba seed extracts
interfered with Thrips  feeding and transmission of IYSV. Also,
Abtew et al.78 reported that the repellent effect could be
related to the presence of different active compounds or a
blend of odors which induce an oriented movement away
from the odor source. On the other hand, the reduction in
infection by using jojoba seeds extract may be due to the
extract contain two cyanoglucosides simmondsin and
simmondsin 2-ferulate by (9.25% on dry weight basis) which
have  insecticidal,  anti-feedant  and  antifungal  activities
which  prevent  Thrips   from  transmit  IYSV  to  onion  plants52.
In this respect42 showed that in topical application assay,
simmondsin and simmondsin 2-ferulate showed strong
insecticidal activity against the third instars larvae of
Spodoptera  littoralis  Boisduval  (Lepidoptera: Noctuidae) with
LD50 values of 1.49 and 2.58 µg larvaG1, respectively. Both
compounds showed anti-feedant activity against S. littoralis 
in a concentration-dependent manner. Also, these
compounds give moderate to high antifungal activity against
four plant pathogenic fungi. On the other hand, reduction in
infection with different concentrations of riboflavin showed
that concentrations of 0.5-1.0 mM were effective and sufficient
for resistance, induction and higher concentration did not
increase the inhibition effect. This result is in agree with
previously studies by Dong and Beer53.

Riboflavin acts as elicitor of systemic resistance and an
activator of novel signaling process in plants also, it induced
expression of pathogenesis-related (PR)  genes  in   the  plants,
suggesting its ability to trigger a signal transduction pathway
that leads to systemic resistance44. In plants inoculated with
TMV, riboflavin treatment significantly reduced the number of
lesions and lesion diameter at the same time riboflavin is able
to induce resistance and activate defense genes in the
absence  of  (SA)  accumulation  and  previous  studies45

indicate that riboflavin has potential for practical use.

Resistance-inducing chemicals have been applied for disease
control but success has been limited. For example, salicylic
acid (SA) and 2,6-dichloroisonicotinic acid (INA) are not
feasible for disease control because the concentration needed
to induce  resistance  in  nearly  phytotoxic79  but  riboflavin  is
not phytotoxic at concentrations much higher than that
needed for resistance induction. Riboflavin-induced resistance
is non-specific and can provide a basis for protection to a
broad range of plants against an array of pathogens therefore,
riboflavin seems to prossess many important characteristics of
a safe disease control agent and induces non-specific disease
resistance by triggering a novel signal transduction pathway
that appears distinct from that typical Systemic Acquired
Resistance (SAR) and Induced Systemic Resistance (ISR). Thus,
external application of riboflavin elicits resistance and initiates
a signal transduction process45. On the other hand, the
obtained data show a significant increase in chlorophylls and
carotenoids content in different treatments of jojoba seeds
extract and riboflavin. Changes in chlorophylls and
carotenoids content may be due to virus infection frequently
involves chlorotic or necrotic, straw-colored to white, dry,
elongate or spindle-shaped lesions. As more lesions develop
and increase in size, they coalesce often completely girding
the scape80. Also, virus infection inhibits chlorophyll
biosynthesis of dark grown barely seedlings81 and is attributed
to stimulation of cell enzymes like chlorophyllase that
degrades chlorophyll or it may be the effect of virus on
pigment synthesis and disturbed physiological processes like
photosynthesis and utilization of plastid proteins or their
precursors for the synthesis of virus protein82 and different
treatments with jojoba seeds extract and riboflavin delayed
systemic symptoms development by IYSV and suppressed
virus multiplication and thus, increased the chlorophylls and
carotenoids contents.

The present results revealed that healthy plants recorded
the highest content of pyruvic acid compared with infected
plant, this may be due to virus infection inhibite alliinase
enzyme addition to light and CO2 levels which had positive
effect on pungency of onion leaves and bulb also, the damage
caused by IYSV reduced green leaf area of the plant and
causes reduction in the ability of the plant to fill the onion
bulb which leads to reduces the harvest yield and grade of
onions83,84.

The obtained results showed that total phenols and
flavonoids increased according to antiviral compound
concentration. These changes may be due to cinnamic acid is
the  product  of  phenylalanine  ammonia-lyase   (PAL)  activity.
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This enzyme is a key regulator of the phenyl propanoid
pathway that yields a diversity of phenolics with structural and
defense-related functions85. Also, upon infection by pathogens
the host phenolic compounds may increase and contribute to
enhance the mechanical strength of host cell walls by the
synthesis of lignin and suberin that are involved in the
formation of physical barriers that can block the spread of
pathogens86. The increased quantity of phenolics in  infected 
plant  may be contributing to the resistance against the
infection of viral pathogen. Increased levels of phenolics also
suggest an acceleration of phenol synthesizing pathway 
following  pathogen infection. In addition,  flavonoids  and 
organosulfur  compounds  are the two major classes of
secondary metabolites found in onion believed to promote
beneficial health effects. These compounds are formed when
an onion is cut and cell walls are disrupted and when infection
with microbes82. The data reflect the positively increase of
total soluble phenols and total flavonoids under viral infection
stress that is may be resulted under different gene expression
synthesis of various flavonoids compounds increase which act
against viral infection. Multifold increase of phenolic
compounds in host local lesion by treatments with antiviral
compounds after challenging with IYSV in the present study
may be due to the activation of hexose-monophosphate
pathway, acetate  pathway  and  release  of  bound  phenols
by hydrolytic enzymes. At the same time plants can produce
antimicrobial compounds to protect themselves from biotic
attack  hat  could  be  essential  for  microbial  infection
resistance87.

Changes in enzymes activity may infer that virus infection
promotes ROS formation significantly and exerts oxidative
stress to the plant. Also, infection by pathogen increased lipid
peroxidation CAT, APX, GPX and GR activites were also
increased in infected roots and seeds88. In addition,  GSH  may 
play a protective role in scavenging of single oxygen,
peroxides and hydroxyl radicals and is involved in recycling
reduced of ascorbic acid (ASC) in the ascorbate-glutathione
pathway in chloroplasts. The increasing content of GSH may
be driven by enhanced of H2O2 formation. The increasing of
H2O2 level has been shown to enhance antioxidant  content 
and antioxidative enzyme in many plants89. Also, GSH content
and antioxidant enzyme activities were reporting to play a key
role in virus infection. Consequently, the mechanisms that
reduce  ROS  species  and  increase  antioxidant  enzyme
system in plant are an  important  role  in  imparting  tolerance
in plant under environmental stress89. The POX activity was
significantly higher in IYSV infected plants of onion. This result

is in accordance with the results of  tobacco mosaic virus
infected tobacco and bean yellow mosaic virus infected
bean90. In this respect, POX is known to be involved in the
Active Oxygen Species (AOS) mechanism. The AOX
accumulation causes oxidative damage through actions such
as lipid peroxidation and membrane destruction. The AOX
levels increase during senescence so, there is a correlation
between the decrease in chlorophyll content and increase in
POX activity in green leaves infected with virus. Therefore,
higher activity of POX leads to lignifications process which is
considered as a resistance mechanism against pathogen
attack. By way of oxidation of indole-3-acetic acid,
upregulated peroxidases might also be responsible for growth
reductions and malformations in virus-infected plants91.
Polyphenol oxidase (PPO) is important in the initial stage of
plant defense where membrane damage causes release of
phenols such as chlorgenic acid. The PPO catalyzes the
oxidation of phenolics to free radicals that can react with
biological molecules thus, creating an unfavorable
environment for pathogen development. The PPO activity was
found to increase in leaves of onion-infected plants. Total
solube phenols together with PPO play a role in resistance to
viral pathogens92. Superoxide dismutase is one of the most
important scavenging enzymes and catalyzes the dismutation
of superoxide radicals to active oxygen species hydrogen
peroxide. The SOD activity was significantly  higher  in  leaves
of healthy plants. This is in agreement with results of
Anuradha et  al.82  who has observed a significant decrease in
SOD from Banana Bunchy Top Virus (BBTV) inoculated banana.
Higher activity of SOD could be a strategy of the plant to
restrict virus colonization because the excess ROS can be
removed and vice versa when SOD was lower resulting in
oxidative stress82. Also, the higher activity of PAL enzyme due
to this enzyme is a key regulator of thephenyl propanoid
pathway that yields a diversity of phenolics with structural and
defense-related functions and PAL enzyme plays a role in the
active defenses of barley and wheat in response to pathogen
attack93.

CONCLUSION

In conclusion, treatments with jojoba seeds extract and
riboflavin induced reduction and inhibition of IYSV infection
when plants were sprayed before IYSV  Thrips  transmission.
Also, all tested treatments gave a significant increase in
photosynthetic pigments and activities of POD,  PPO and PAL
compared   with   infected   plants.   Moreover,   all   treatments
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recorded decrements in activity of SOD compared with
untreated ones. On the other hand, electron microscope
examination of ultrathin section showed extensive changes in
infected mesophyll cell including severe degeneration of
nucleus structure appeared in the large size of the nucleus,
dense aggregation and segmented chromatin,  lyses of rough
endoplasmic reticulum and nuclear membrane producing
many small vacuoles addition to taking the nucleus the
elongated shape and lyses of mitochondria and chloroplast in
most cells.
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