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ABSTRACT 
 

Tomato spotted wilt virus (TSWV) was isolated from naturally infected potato plants grown 
in Kafr El- Sheikh Governorate showing tip necrosis, necrotic local lesion and yellowing. The 
virus was biologically purified from single local lesion formed on Chenopodium amaranticolor 
Cost& Reyn. Then it was transmitted mechanically and propagated in healthy potato seedlings cv. 
Spunta. The isolated virus was identified on the basis of host range and symptomatology, 
serological tests by direct ELISA technique and electron microscopy. The Reverse transcription 
polymerase chain reaction (RT-PCR) using primers specific to the nucleocapsid (Np) gene of 
TSWV giving an  amplification with size of 760 bp for further confirmation of the result. Electron 
micrograph of TSWV dip preparation showed spherical viral particles with model length of 85 nm. 
Cytopathological changes in potato leaves infected with TSWV and treated with different 
concentrations of silver nanoparticles applied 24hrs. after virus inoculation showed an increase in 
spongy tissue, lamina thickness and length of vascular bundle compared with infected untreated 
one. Silver nanoparticles at five concentrations (25, 50, 100, 150 and 200 ppm) were used as 
antiviral agent to reduce TSWV infectivity on Ch. amaranticolor and potato plants. All tested 
concentrations of silver nanoparticles caused significant inhibitory effect on local lesion number 
produced on Ch. amaranticolor leaves inoculated with TSWV. The higher inhibitory effect 
(90.4%) was recorded with silver nanoparticles when sprayed 24hrs. after virus inoculation at 200 
ppm. Moreover, the same concentration gave the highest inhibitory effect (87.5%) on TSWV- 
systemically infected potato seedlings. Moderate inhibitory effect (68.6% & 56.2%) on local lesion 
numbers and infected potato plants were obtained with (50 ppm) of AgNps when plants were 
sprayed immediately with virus inoculation. On the contrary, lower inhibitory effect was detected 
at the same concentration when the plants were sprayed before virus inoculation. In all cases, 25 
ppm had a lowest effect on TSWV infectivity. 
 
Keywords: Tomato spotted wilt virus (TSWV), Silver nanoparticles, Antiviral activity, 

Nucleocapsid protein (NP) gene, RT-PCR. 

Introduction 
 
Tomato spotted wilt virus (TSWV) is an economically important pathogen of a large number 

of food and ornamental crops and caused considerable losses in potato crops  (Wilson, 2001). 
Nanotechnology today provides a sound platform for adjusting the physiochemical properties of 
numerous materials to generate effective antimicrobials (Seil and Webster, 2012). With the 
increase of economic losses due to plant viral disease, many researchers have tried to develop a 
new harmless eco-friendly and effective antiviral agents. 

 In this century, the development of nanotechnology is projected to be the establishment of a 
technological evolutionary of this modern era (Naveena and Prakash, 2013). Silver has long been 
recognized as having inhibitory effect against wide range of microorganisms (Gopinath et al., 
2015). Silver nanoparticles have received great attention due to their unique features and effective 
biological properties in various fields, including plant disease management (Murphy, 2008). 
Nanosilver also exhibit a virucidal activity against human viruses such as Hepatitis B virus (Lu et 
al., 2008), Herpes simplex virus (Pinto et al., 2009), Human immunodeficiency virus (Lara et al., 
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2010) and Influenza virus (Xiang and Zheng, 2011). However, despite of the financial interest, 
there are few reports on their application in agricultural system against plant viruses. For instance, 
spraying of silver nanoparticles on faba bean leaves decrease the disease severity of Bean yellow 
mosaic virus (BYMV) as well as virus concentration in treated plants and prevent the harmful 
effects produced by virus infection  (Elbeshehy et al., 2014). Spray application of 50 ppm aqueous 
solution of silver nanoparticles on cluster bean leaves inoculated with Sunhemp rosette virus 
(SHRV) showed a good inhibitory potential against the virus and complete suppression of the 
disease (Jain and Kothari, 2014).  

Silver nanoparticles synthesized by Bacillus licheniformis showed a considerable antiviral 
activity against BYMV. The treated faba bean plants, when inoculated with the virus, gave a 
remarkable results in the post-infection treatment (24hrs. after inoculation) and prevented all 
destructive symptoms caused by the virus (Elbeshehy et al., 2015). Chitosan nano silver solution 
possessed a better preventation against Tobacco mosaic virus (TMV) and significantly reduced the 
number of lesions in TMV- infected tobacco leaves (Ying et al., 2016). Spraying potato plants with 
silver nanoparticles at concentration of (0.1 µg/µL) decrease Potato virus Y concentration and 
infection percentage when applied at 24hrs. after virus inoculation (El-Shazly et al., 2017). 
Previous studies reported the pathological effect of viruses on different plants; abnormalities were 
found in mesophyll and vascular cylinder of the infected plants (Fernandez et al., 2010). 
Ultrastructural changes in Ficus carica leaf cell induced by TSWV infection showed isodiametric 
mesophyll cell shape or cuboidal and unequal blade thickness (Alkhazindar and Sayed, 2016). It 
was found that reduction of  cucumber mosaic virus (CMV) infection percentage in tomato leaves 
sprayed with Mirabilis jalapa and Clerodendrum inerme was associated with a progressive 
increasing in thickness of blade, number of xylem arms and phloem layer (Shahwan, 2010). Silver 
nanoparticles caused a variation in the shape, size and distribution of xylem elements into the stem 
of Bacopa monnieri stem (Krishnaraj et al., 2012).  

The aim of this work was to study the effect of different concentrations of silver 
nanoparticles in control of TSWV- infection in potato plants under greenhouse conditions.  
 
Materials and Methods 
 
Virus source and symptoms 
 

Potato (Solanum tuberosum) plants exhibiting tomato spotted wilt virus-like symptoms 
showing tip necrosis, necrotic local lesion and yellowing were collected from the open fields of 
Kafr-El-Sheikh governorate-Egypt. Samples were then serologically tested using double antibody 
sandwich (DAS) - ELISA (Enzyme - linked immunosorbent assay) according to the method 
described by Clark and Adams (1977) using commercial antisera specific to Potato aucuba mosaic 
virus (PAMV), Alfalfa mosaic virus (AMV) and TSWV. Assays by ELISA were scored as positive 
for TSWV if the optical density reading at 405 nm in Vniskan ELISA reader exceeded than twice 
the value of healthy controls. 
 
Virus isolation and propagation 
 

The infected potato plants which gave positive results with TSWV specific antibodies were 
mechanically inoculated onto potato plants cv. Spunta grown in the greenhouse. The virus was 
purified biologically through three consecutive passage onto the local lesion host Chenopodium 
amaranticolor Coste & Reyn plants (Kuhn, 1964), then propagated mechanically in Nicotiana 
tabacum plants which used as a virus source. 

 
Host range studies  

Fifteen plant species belonging to six families i.e., Apocynaceae, Asteraceae, 
Chenopodiacea, Cucurbitaceae, Fabaceae and Solanaceae were mechanically inoculated with 
TSWV infectious sap (Noordam, 1973). The inoculated plants were maintained under greenhouse 
conditions for symptoms development. Symptoms were confirmed by back inoculation onto Ch. 
amaranticolor leaves and/ or DAS-ELISA. 



Middle East J. Agric. Res., 7(4): 1251-1267, 2018 
ISSN: 2077-4605 

1253 

Electron microscopy 
  
Morphology of TSWV particles 
 

 Electron microscopic examination of negatively stained leaf dip preparations by 2% 
phosphotungestic acid was carried out according to the technique described by Noordam (1973). 
One drop of plant sap was added to the carbon coated cupper grid (400mesh) and other drops of 
2% phosphotungetic acid (PTA) were added for two minutes and then the solution was drawn with 
filter paper and examined by Transmission Electron microscope JEOL(JEM-1400TEM, Japan) at 
the Electron Microscope Unit, Faculty of Agriculture, Cairo University, Research Park (FARP). 
Electron micrographs were captured using camera at 150000x. 

 
Synthesis of sliver nanoparticles (AgNPs) 
 

Silver nanoparticles colloidal solution (12.6 ± 5 nm) was synthesized by co-precipitation 
protocol through the reduction of silver nitrate (AgNO3) [99.99%, Aldrich, US] with sodium citrate 
tribasic dehydrate (99%, Aldrich, US) under boiling conditions. All glass wears were cleaned and 
sterilized by aqua regia and dried in oven dryer at 120 ℃. DNA free deionized water (Millipore, 
USA) was used for preparation and dilutions.  50 mL (0.001 M) AgNO3, in 250 ml beaker, was 
brought to boil under stirring for 5 min. Sodium citrate tribasic dehydrate (1%) solution (5 mL) 
was added at once under continuous stirring. The solution color turned pale yellow forming silver 
nanoparticles colloid, then left to cool and proceeds for physiochemical characterization (Fang et 
al., 2005). 

 
Characterization of silver nanoparticles 
 

 Actual morphology of the prepared silver nanoparticles was imaged by High Resolution 
Transmission Electron Microscope (HR-TEM) operating at an accelerating voltage of 200 kV 
(Tecnai G2, FEI, Netherlands). Diluted colloidal silver nanoparticles solution was ultra-sonicated 
for 5 min to reduce the particles aggregation. Using micropipette, three drops from the sonicated 
solution were deposited on carbon coated-copper grid and left to dry at room temperature.HR-TEM 
images of the silver nanoparticles that deposited on the grid were captures for morphological 
evaluation. Dynamic Light scattering (DLS) technique was utilized to estimate the average particle 
size distribution that was measured by zeta sizer (Malvern, ZS Nano, UK). The chemical structure 
of as prepared silver nanoparticles was assessed using X- ray Diffraction (XRD) technique. 
Colloidal silver solution was centrifuged at 18,000 rpm for 30 min using cooling centrifuge, the 
precipitated pellet was dried in vacuum oven for 2hrs then grinded into fine powder to be 
bombarded by X-ray for phase analysis. The corresponding XRD pattern was recorded in the 
scanning mode (X‘pert PRO, PAN analytical, Netherlands) operated by Cu K radiation tube (= 
1.54 A ˚) at 40 kV and 30 mA. The characteristic SPR of AgNPs was recorded by absorption 
spectroscopic technique using a double beam UV–Vis-NIR spectrophotometer (Cary 5000, 
Agilent, UK) within the scanning range of 300–800 nm. The obtained diffraction pattern was 
interpreted by the standard ICCD library installed in PDF4 software. Qualitative and quantitative 
measurements of the applied silver nanoparticles concentrations were determined by Inductivity 
Coupled Plasma (ICP) technique (PerkinElmer ICP-OES: Optima 2000, Germany). Synthesis and 
characterization of silver nanoparticles were performed in Nanotechnology & Advanced Materials 
Central Laboratory, Agriculture Research Center, Egypt. 
 
Effect of silver nanoparticles on TSWV infectivity 
 
On local lesion host 
 

The efficiency of silver nanoparticles in controlling TSWV was assessed under greenhouse 
conditions on Ch. amaranticolor as a local lesion host. Ch. amaranticolor seeds was planted in (30 
cm diameter) plastic pots packed with sterilized soil and grown under natural lighting, day/night 
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temperature of approx. (23±2°C). Ch. amaranticolor (40 days old)   seedlings of similar size were 
chosen and divided into three groups(i.e., 1,2,3) group 1 seedlings treated with silver nanoparticles 
immediately with TSWV inoculation; group 2 seedlings treated with silver nanoparticles before 
24hrs. from virus inoculation; group 3 seedlings treated with silver nanoparticles after 24hrs. of 
virus inoculation. Ten leaves of Ch. amaranticolor were used as a replicates in each treatment. 
Seedlings were sprayed with the five concentrations of silver nanoparticles i.e., 25, 50, 100, 150 
and 200 ppm. In check experiments two groups of plants were used, the first were mechanically 
inoculated with TSWV- infectious sap 1ml/ plant (infected control) and the second healthy plants 
as a check (healthy control). Tested plants were observed daily for the developing of local lesions 
on Ch. amaranticolor leaves. Local lesions were counted 7 to 10 days after inoculation. The 
percentage of inhibition of local lesion number was calculated based on the formula described by 
Madhusudhan et al. (2011):  

I = C-T/C×100 Where I = inhibition percentage of local lesion formation over control, C = 
average No. of local lesions on control leaves and T = average No. of local lesions on treated 
leaves. 
 
On systemic host 
 

This experiment was conducted using Randomized Complete Block Design with fifteen 
treatments and two controls (inoculated and un inoculated plants) consisted of four replicate pots 
and four plants per pot. The five concentrations of silver nanoparticles were applied as foliar sprays 
on the potted plants. The same steps were carried out as mentioned above except, potato seedlings 
were used as a systemic host. Sixteen potato seedlings cv. Spunta (21 days old) were used as 
replicates in each trial. Tested plants were observed daily for the appearance of systemic symptoms 
on potato plants. Inhibitory effect of the tested silver nanoparticles was determined as described by 
Devi et al. (2004) using the following equation: Inhibition % = (A-B/ A) ×100, where A is the 
number of plants in check experiment and B is the number of treated plants and after that 
inoculated by virus inoculums. In all cases ELISA test were performed to calculate the inhibition 
percentages of virus infectivity. 
 
Molecular detection of TSWV 
 
Total RNA Extraction  
 

Total RNA was isolated from symptomatic and healthy potato plants cv. Spunta from Kafr-
El-Sheikh governorate which were naturally infected with TSWV, showing typical viral symptoms 
using RNeasy® Plant Mini Kit obtained from QIAGEN according to manufacturer’s instructions. 

 
Primers for TSWV 
 

Specific primers for the full-length NP gene of TSWV was used for the amplification of the 
NP gene according to Pang et al. (1992). The forward primer JLS90-46, and the complementary 
primer JLS90-47 (Table 1).  

 
Table 1: The sequences of the specific primers used to detect the NP gene of tomato spotted wilt 

virus (TSWV). 
Primers' 
Name 

Nucleotide Sequences Exp. 
Size(bp) 

Reference 

JLS90-46 5’-AGCTAACCATGGTTAAGCTCACTAAGGAAAGC-3’ 760  

JLS90-47 5’-AGCATTCCATGG TTAACACACTAAGCAAGCAC-3’ 
 Pang et 

al., (1992) 
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Reverse transcription- polymerase chain reaction (One step RT-PCR) 
 

One step RT-PCR was done using “Platinum Quantitative RT-PCR Thermo Script One Step 
System” (Invitrogen, USA). Total RNA extracted from infected tomato plants using RNeasy® plant 
Mini Kit (Qiagen, USA) were used as templates for one-tube RT-PCR amplification reactions. RT-
PCR mixture prepared by combining 12.5  L of 2X Thermo Script Reaction Mix, 5 µL of total 
RNA, 1 µL of 10 µM of each primer (forward and reverse primers; Table 1), 0.5 µL of Thermo 
Script Taq Enzyme Mix and the reaction was completed to 25 L with double distilled water. 
Reverse transcription reaction started with incubation at 50°C for 30 min, incubation for 2 min at 
94°C, followed by 30 cycles of 30 sec at 94°C, 30 sec at 68°C, and 1 min at 72°C, with a final 
incubation of 7 min at 72°C, and then the reaction was held at 4°C. Five microliters aliquots of RT-
PCR products were analyzed on 1% agarose gels in 0.5X TBE buffer. 
 
Preparation samples for anatomical study  
 

The specimens of potato plants treated with silver nanoparticles in addition to the control 
plants (healthy and infected) were taken from the leaf with age 30 days. The samples were killed 
and fixed for one week with formalin acetic acid solution (F.A.A.10ml formalin + 5ml glacial 
acetic acid + 85ml ethanol 70%). The selected materials were washed in 50% ethanol, dehydrated 
in series of normal butyl alcohol, embedded in paraffin crystal violet/ erythrosine cleared in xylene 
and mounted in Canada balsam (Nassar and El- Sahhar, 1998). The sections were examined to 
detect histological manifestations of noticeable responses resulting from the treatment of the 
plants. 

 
Experimental layout and statistical analysis 
 

Data were analyzed with the statistical analysis system SAS. All multiple comparisons were 
first subjected to analysis of variance (ANOVA) comparisons among means was carried out 
according to Duncan's multiple range test (Duncan1995). 
 
Results 
 
Virus source and symptoms 
 

The virus used in this study was isolated from potato (Solanum tuberosum) plants collected 
from from Kafr-El-Sheikh governorate-Egypt. Infected leaves with TSWV–like symptoms showed 
tip necrosis, necrotic spot and yellowing (Fig 1-A). TSWV developed symptoms after mechanical 
inoculation of potato leaves (1-B) compared with healthy potato plants (C). 
  
Virus isolation and propagation 
  

TSWV was transmitted mechanically from naturally infected potato plants to healthy 
greenhouse grown potato seedlings cv. Spunta at the 2-3 leaf stage. Symptoms appeared fifteen to 
twenty days post virus inoculation as chlorotic and necrotic spot, yellowing and tip necrosis on 
leaves (Fig 1-B). The virus was biologically purified by singe local lesions developed on Ch. 
amranticolor Coste & Reyn and then propagated in N. tabacum plants which used as a source of 
the virus isolate. On the other hand serological detection of TSWV using (DAS)–ELISA confirmed 
the presence of TSWV in both naturally infected potato plants and TSWV mechanically inoculated 
potato seedlings in the greenhouse. 
 
Host range studies 

Fifteen different hosts belonging to seven different families were susceptible to TSWV 
infection. The induced systemic symptoms on the tested hosts ranged between mosaic, chlorotic 
and necrotic local lesion, necrotic spot and yellowing. Results showed that systemic symptoms 
appeared after 15-20 days post virus inoculation (Table 2 and Fig.2). 
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Fig. 1: Symptoms of an infected potato plants with TSWV in a commercial potato field and 
greenhouse. Fig. (1 -A), natural infected potato plants showing tip necrosis, necrotic local lesion 
and yellowing. (1-B), potato plants upon mechanical inoculation showing yellowing, necrotic local 
lesion and tip necrosis compared to healthy potato plants in (c). 
 
Table  2: Host range of Tomato spotted wilt virus tested by mechanical inoculation 
 
 

Test plant Cultivar Common name Symptoms 

Apocynaceae Catharanthus roseus Rosea Periwinkle SM 
Asteraceae Chrysanthemum sp. *Hybrid Chrysanthemum NS,TN 

Chenopodiaceae Chenopdium amarantcolor   CHLL 
 

C. murale 
 Nettle-leaved 

Goosefoot 
CHLL 

 C. quinoa  Quinoa NLL 
Cucurbitaceae Cucumis sativus Beta Alpha Cucmber CHLL 
Fabaceae Phaseolus vulgais Nebraska Common bean NS,SM 
 Vigna unguiculata Cream 7 Cowpea NS 
Solanaceae Capsicum annum California Wonder Pepper NLL,SM 
 Datura stramonium  Jimson weed CHLL,NS 
 Nicotiana tabacum White Burley Tobacco NLL, SM 
 Petunia hybrid  Petunia NRS 
 Lycopersicon esculentum Castel Rock Tomato CHLL 
 Solanum tuberosum Spunta Potato NLL,TN,Y 
 Solanm melongena Black Beauty Eggplant NLL,SM,Y 
SM= systemic mosaic, NS= necrotic spot, TN= tip necrosis, CHLL= chlorotic local lesion,  NLL= necrotic 
local lesions, NRS= necrotic ring spot, Y= yellowing. 
* An unspecified (or unknown) species. 

A B 

C 
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Fig. 2: Symptoms of TSWV infection on some host plants upon mechanical inoculation. (A) tomato leaves showing chlorotic local lesion.( B) green bean leaves showing 
mosaic and necrotic spot. (C) cowpea leaves showing necrotic spot. (D) pepper leaves showing mosaic and necrotic local lesion (E) and (F)  Chenopodium  murale and 
C.quinoa  leaves showing chlorotic and necrotic local lesion. (G& H) chrysanthemum plants showing tip necrosis on leaves and distortion on flower. (I) N. tabacum cv. 
white burley showing necrotic local lesion. (J) cucumber leaves showing chlorotic local lesion. (K) Vinca rosae showing mosaic, tip necrosis. (L) petunia leaves showing 
necrotic ring spots.   

 

A 

E F G H 

I J K L 

C D C B 
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Electron microscopy  
 
Morphology of TSWV particles 
 

Transmission electron microscope examination of the virus dip preparation from infected 
potato leaves negatively stained with phosphotungetic acid revealed the presence of spherical 
particles which were 85 nm in diameter (Fig. 3). 

 
 

 
 

 

 

 

 

 

 

 

Fig. 3: Transmission electron microscope image of a leaf dip extract stained with 2% 

phosphotungestic acid at 150000x showing spherical virus particles in systemically infected potato 

leaves. 

Characterization of silver nanoparticles  
 

Fig. (4) shows physicochemical characterization of the synthesized silver nanoparticles to 
evaluate its properties using different techniques. Nanoparticles morphology and size 
determination, HR-TEM electrograph shows well uniformed spheres with average size of 12.6 ± 5 
nm. The corresponding TEM diffraction pattern inset shows formation of silver nanoparticles with 
spherical crystal structure (Fig.4A). Fig. 4B represents the particle size distribution curve obtained 
from DLS measurements with excellent polydispersity index (PDI) 0.434. Silver nanoparticles 
phase formation was tested by XRD analysis, Fig. 4C, based on Bragg’s reflections low. 
Characteristic diffraction pattern show sharp intense and narrow peaks at 38.14°, 44.41°, 64.61° 
and 77.74° 2θ angles those corresponding to hkl parameters of  (111), (200), (220), and (311), 
respectively. The obtained diffraction pattern was compared with the standard ICCD library 
installed in PDF4 software, card no: (04-003-5625). Colloidal solution of spherical silver 
nanoparticles has a distinct yellow color and corresponding characteristic Surface Plasmon 
Resonance (SPR) absorption peak at 409 nm with Gaussian distribution curve, as indicated in Fig. 
(4D). 
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Fig. 4: Characterization of silver nanoparticles (AgNPs). (A): HRTEM image showing spherical 
shape of prepared silver nanoparticles with average size 12.6 nm. (B): Particle size distribution of 
prepared silver nanoparticles showing the average size of 13.35 nm. (C): XRD pattern analysis 
indicating the formation of silver nanoparticles with cubic unit crystal. (D): Absorption spectrum 
of silver nanoparticles. 
 

Effect of silver nanoparticles (AgNps) on TSWV infectivity 
   
On local lesion host 
 
         Data presented in Table (3) revealed that all tested concentrations of silver nanoparticles 
caused significant inhibitory effect on local lesion number produced on Ch. amaranticolor leaves 
when inoculated with TSWV. Treatment of plants with AgNps induced different plant responses, 
depending on the treatment time (pre-inoculation, immediately with or post-inoculation). The 
inhibitory effect of AgNps was increased with increasing their concentrations. The higher 
inhibitory effect (90.4%) was recorded with silver nanoparticles when sprayed 24hrs. after virus 
inoculation at 200 ppm. While, the concentration of 25 ppm gave the lowest value of inhibition 
(68.7%). Moderate inhibitory effect (68.6%) was obtained with (50 ppm) when AgNps were 
sprayed immediately with virus inoculation. On the contrary, lower inhibitory effect (09.5 %) was 
detected at the same concentration when the plants were sprayed before virus inoculation.  
 
Table 3: Effect of different concentrations of silver nanoparticles on the inhibition percentage of 

local lesion number produced by Tomato spotted wilt virus on Chenopodium 
amaranticolor  

Concentrations 
ppm 

 

Immediately with 
virus inoculation 

Pre- inoculation Post- inoculation 

 Local 
lesion 

number  

Inhibition 
% 

Local 
lesion 

number 

Inhibition 
% 

Local 
lesion 

number 

Inhibition 
% 

25 9.1 60.4 20 04.7 7.5 68.7 
50 7.2 68.6 19 09.5 5.5 77.1 

100 6.4 72.1 17 19.0 4.0 83.3 
150 4.5 80.4 16 23.8 3.5 85.4 
200 3.3 85.6 15 28.6 2.3 90.4 

Control 23 00.0 21 00.0 24 00.0 
LSD 0.05% 0.71 2.23 0.83 3.21 0.41 1.92 
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Effect of silver nanoparticles (AgNps) on TSWV infectivity 

On systemic host 

         Data given in Table (4) showed that sprayed AgNps 24hrs. after virus inoculation at 200,150 
and 100  ppm gave the highest inhibitory effect on TSWV- systemically infected potato seedlings 
(87.5, 81.2 and 75%, respectively).While, the concentration of 25 ppm gave the lowest value of 
inhibition (43.7%). Moderate inhibitory effect (56.2 %) was obtained by AgNps at 50 ppm when 
AgNps were sprayed immediately with virus inoculation. The inhibitory effect was less 
pronounced when AgNps were sprayed at the same concentration on the tested plants at 24 hrs. 
before virus inoculation (25%).  
 
Table 4: Effect of different concentrations of silver nanoparticles on systemically infected Tomato 

spotted wilt virus on potato seedlings 
 

Concentrations 
ppm 

 

Immediately with 
virus inoculation 

Pre- inoculation Post- inoculation 

No. 
infected 
plants 

Inhibition 
% 

No. 
infected 
plants 

Inhibition 
% 

No. 
infected 
plants 

Inhibition 
% 

25 10 37.5 15 06.2 9 43.7 
50 7 56.2 14 12.5 6 62.5 

100 6 62.5 12 25.0 4 75.0 
150 4 75.0 11 31.2 3 81.2 
200 3 81.2 10 37.5 2 87.5 

Control 16 00.0 16 00.0 16 00.0 
LSD 0.05% 0.61 3.42 0.82 4.32 0.72 3.41 

 
Molecular detection of TSWV 
 

Naturally infected potato plants were tested for the TSWV infection. RT-PCR amplification 
of the viral RNA was carried out on the total RNA isolated from infected potato plants using 
TSWV specific primers. Electrophoresis analysis of RT-PCR product showed the 760 bp 
amplification products of the total RNA, while no products were amplified from the RNA 
extracted from healthy plants (Fig.5). 

 

 

Fig. 5: Agarose gel electrophoresis analysis of RT-PCR amplified products using the primers 

JLS90-46 and JLS90-47. M: 100 bp DNA ladder; lanes from L1 to L6: different potato samples 

infected with TSWV and L7: (healthy plant control). 

 
 
 



Middle East J. Agric. Res., 7(4): 1251-1267, 2018 
ISSN: 2077-4605 

1261 

Anatomical manifestations of the leaf: 
 
Healthy leaf 
 

Cross section of healthy leaf of potato passing through the midrib showed normal anatomical 
features. Upper and lower epidermis consists of a single layer of barrel- shaped cells. The 
mesophyll cells (palisade parenchyma) were cylindrical and packed into one layer with narrow 
intercellular space between cells followed by five layers of spongy parenchyma with wide 
intercellular space. The lamina is nearly flat with slightly bulging midrib from the upper and lower 
sides. The midrib contains a usual bicollateral vascular bundle with xylem rows have moderate 
lignification. Phloem arranged in clear patches. (Fig. 6A-a).  
 
Infected leaf  
 

Upper and lower epidermis irregular and become bigger than healthy one. There are 
extensive disruption of all mesophyll layers. Mesophyll tissue shows abnormal clear parenchyma 
and Collapsed palisade with wide empty spaces. The spongy tissue showed fully collapsed with no 
contents at all. The lamina is irregular and clearly bulging upper and lower sides (concave lamina). 
The midrib contains somewhat flat or slightly curved bicollateral vascular bundle. The vascular 
bundle has haphazard arranged xylem vessels. The newly formed vessels are less lignified. 
Parenchyma cells surrounding the vascular bundle are abnormally large with clear wavy wall 
(Fig.6 B-b). 
 
Effect of treated leaves with silver nanoparticles 24hr. after virus inoculation 
 

Progressive increasing in upper epidermis at concentrations of 100 and 150 of AgNPs but 
for lower epidermis there are no increases observed at all concentrations. The thickness of palisade 
increased at 100 and 150 ppm more than infected leaves. Spraying with 100 and 150 ppm recorded 
increase in spongy tissue and lamina thickness (Fig 6. E-e & D-d). For the length and width of 
main vascular bundle, an increase was recorded in length of vascular bundle at all concentrations 
except 25 ppm and the highest increase was recorded with 100 and 150 ppm more than infected 
untreated control. It was noticed that diameter of xylem vessels become wider under all levels 
compared with infected leaf and recoded the highest with 150 ppm. Therefore, the thickness and 
number of xylem rows exhibited the highest increase at 150 ppm more than infected leaf. As to the 
thickness of phloem, application of AgNps at 150 ppm recorded the highest increase followed by 
100 ppm compared with infected leaves. The thickness of midvein area exhibited an increase at all 
concentrations except at 25 ppm compared with infected control treatment. The highest increase 
recorded with 150 ppm, but conc. of 200 ppm showed a little increase compared with other 
concentrations. It is obvious from the obtained results that increasing the concentrations of AgNps 
showed an increase in different tissues except the concentration of 25 ppm which showed a 
decrement in most characters while 150 ppm exhibited a sharply increase in most characters under 
studies followed by 100 ppm, whereas 200 ppm showed a little increments compared with other 
concentrations. 
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Fig. 6: transverse sections through the blade of potato leaf at age of 30 days treated with Ag 
nanoparticles (40 and 100X) 
 
A-a: healthy plant  
B-b: infected plant 
C-c: plant treated with Ag-NPs at 25 ppm 
D-d: plant treated with Ag-NPs at 50 ppm 
E-e: plant treated with Ag-NPs at 100 ppm 
F-f: plant treated with Ag-NPs at 150 ppm 
G-g: plant treated with Ag-NPs at 200 ppm 
 
Discussion 
  

In this investigation TSWV was isolated from naturally infected potato (Solanum tubetosum) 
collected from Kafr-El-Sheikh governorate. Infected leaves showed symptoms of necrotic local 
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lesion, tip necrosis and yellowing. These symptoms were similar to those that were described 
previously for the infection of potato by TSWV (Abad et al., 2005; Bulajic et al., 2014 and Choi & 
Choi, 2015). The virus isolate was easily transmitted mechanically from infected potato plants to 
healthy greenhouse grown potato seedlings at the 2-3 leaf stage. Symptoms resulting from 
mechanical inoculation were similar to those observed in naturally infected plants .This result  are  
in agreement with similar results of TSWV on potato ( Wilson, 2001 and Crosslin et al., 2009). 
The virus was identified by Direct ELISA to confirm the presence of TSWV in the field and 
greenhouse after mechanical inoculation. This results are confirmed by several authors applying 
serological tests for TSWV identification (Ismaeil et al.,2015 and Karavina & Gubba, 2017). 
Results indicate that TSWV had a wide host range . There were fifteen hosts belonging to six 
families susceptible to TSWV. These results are in accordance with those obtained by El-Shazly 
(2009) and Salem et al. (2012). 

Electron micrograph showed spherical particles for TSWV with model length of 85nm that 
was in accordance with Antignus et al. (1997) and Kikkert et al. (1999). The synthesis of silver 
nanoparticles is advanced technique in modern nanotechnology and is evolving as an important 
branch of nanotechnology. In this study the inhibitory effect of AgNps on TSWV was studied. All 
tested concentrations of silver nanoparticles were significantly reduced local lesion number when 
compared with the control treatment, where the highest inhibition was obtained when AgNps was 
applied 24hr. after virus inoculation. These results are similar to those recorded by Jain and 
Kothari (2014) who reported that guar plants treated with silver nanoparticles after 3-4 days from 
Sun hemp rosette virus (SHRV) inoculation had no virus lesions. On the other hand, untreated 
plants showed100:150 lesions. However, moderate inhibitory effect was observed when AgNps 
was applied in parallel with virus inoculation. Similar results were obtained by El-Dougdoug et al. 
(2018), they found that mixing 1ml of silver nanoparticles at 50% conc. with 1ml of crude sap of 
Tobacco mosaic virus (TMV) on Nicotiana glutinosa gave a good results in reducing average 
number of local lesions. Sprayed silver nanoparticles at 24 hr. after virus inoculation gave the 
highest inhibitory effect on TSWV-systemically infected potato plants. These results are in 
harmony with the results recorded by Elbeshehy et al. (2015) who found that the most effective 
treatment of infected faba bean plants with AgNps was when applied at 24hr. after Bean yellow 
mosaic virus inoculation and led to an important decrease in infection percentage. Similar results 
were obtained by Jain and Kothari (2014), they found that application of 50 ppm aqueous solution 
of silver nanoparticles on cluster bean leaves inoculated with Sun hemp rosette virus (SHRV) 
showed complete suppression of the disease. These results suggest that the silver nanoparticles are 
effective as antiviral agent. These finding may suggest that the AgNPs activity is more dramatic at 
the early phases of viral replication. However, moderate inhibitory effect was observed when 
AgNps was applied immediately with virus inoculation. Silver nanoparticles when treated in 
parallel with BYMV inoculation caused an almost moderate reduction of viral infection on faba 
bean (Elbeshehy et al., 2014). Weak reduction in percentage of infected potato plants was observed 
when AgNPs were sprayed at the pre- viral infection stage. It is indicated that ability of the AgNPs 
to activate the inducible systemic resistance of the plant against TSWV infection. It has been 
showed that, besides the immediate interaction with glycoprotein of the virus surface, AgNPs may 
enter the cell and fulfill their antiviral activity through interactions with the viral nucleic acids 
(Galdiero et al., 2011). The size of the AgNPs has a major role in the interaction, smaller where the 
size more the interaction as well as more inhibition takes place. In addition AgNPs come into the 
cell and apply their size dependent phenomenon which cause antiviral activity with their viral 
genome (DNA or RNA). Smaller sized AgNPs enter into the host cell and then enter in the viral 
genome where they block the cellular factors and/or the viral vectors which help in the viral 
replication. Alternatively, they may get attached to viral genome so that no polymerase action takes 
place and no further formation of progeny virions take place (Khandewal et al., 2014). Silver 
nanoparticles may affect the RNA copying during viral multiplication and it is obvious that AgNPs 
affected the inhibition of viral nucleic acid replication when AgNPs become less than the size of 
the particles (Narasimha et al., 2012). Disease incidence of Cucumber mosaic virus was reduced in 
eggplants treated with zinc nanoparticles (El-Sawy et al., 2017). Treated potato plants with silver 
nanoparticles at 0.1µg /ml applied 24 hr. after Potato virus Y inoculation led to an important 
decrease in virus concentration and percentage of infection. However, weak reduction in infection 
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was observed when plants treated by AgNPs before 3 or 7 days before virus inoculation (El-Shazly 
et al., 2017). However, El-Dougdoug et al. (2018) found that Silver nanoparticles 50 ppm conc. 
was more effective treatment against Tobacco mosaic virus(TMV) and PVY of both virus 
reduction and disease severity when applied 7 days before virus inoculation on tomato plants. 
Disease severity was reduced in tomato plants treated with silica nanoparticles. Treated plants 
exhibited less and delay Tomato yellow leaf curl virus (TYLCV) symptoms (El-Sawy et al., 2018).  
Use of RT-PCR has shown the understudy isolate infecting potato gave a one expected band size of 
670 bp which is similar to reports from other researchers (Pang et al., 1992 and Sivparsad and 
Gubba 2008). 

Histopathological studies in potato leaf tissues sprayed with all concentrations of silver 
nanoparticles at 24 hr. after virus inoculation except 25 ppm showed progressive increasing in 
upper epidermis, length and width of vascular bundle and thickness of palisade and lamina. 
Histopathological changes was tend toward growth enhancement in the sprayed plants with tested 
silver nanoparticles than those untreated ones. These increase may be attributed to AgNPs effect on 
physiological processes in plant such as ion uptake, cell elongation and cell division. 
(Vishwakarma et al., 2017). Nanoparticles have shown varied effects on the morphological and 
physiological changes, uptake and translocation in different parts of plants. The increase in the 
morphological traits has been directly correlated with the increase in physiological attributes like 
photosynthetic activity, N and P metabolism, enhance in enzyme activities (Song et al., 2012). A 
morphological study conducted in Bacopa monnieri revealed that AgNps caused a variation in the 
shape, size and distribution of xylem elements into the stem (Krishnaraj et al., 2012). 

Therefore, it can be concluded that silver nanoparticles have shown good inhibitory potential 
against TSWV. Thus it is proven from this study that the silver nanoparticles agent seems to be 
promising and effective antiviral agent against TSWV in addition to its activity in induced 
systemic resistance. This information is valuable for future registration and labeling of the AgNps  
as antiviral agent for crop protection and for further elucidation of the mechanisms involved in 
virus inactivation. 
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	Electron microscopy
	 
	Morphology of TSWV particles
	 Electron microscopic examination of negatively stained leaf dip preparations by 2% phosphotungestic acid was carried out according to the technique described by Noordam (1973). One drop of plant sap was added to the carbon coated cupper grid (400mesh) and other drops of 2% phosphotungetic acid (PTA) were added for two minutes and then the solution was drawn with filter paper and examined by Transmission Electron microscope JEOL(JEM-1400TEM, Japan) at the Electron Microscope Unit, Faculty of Agriculture, Cairo University, Research Park (FARP). Electron micrographs were captured using camera at 150000x.
	Synthesis of sliver nanoparticles (AgNPs)
	Silver nanoparticles colloidal solution (12.6 ± 5 nm) was synthesized by co-precipitation protocol through the reduction of silver nitrate (AgNO3) [99.99%, Aldrich, US] with sodium citrate tribasic dehydrate (99%, Aldrich, US) under boiling conditions. All glass wears were cleaned and sterilized by aqua regia and dried in oven dryer at 120 ℃. DNA free deionized water (Millipore, USA) was used for preparation and dilutions.  50 mL (0.001 M) AgNO3, in 250 ml beaker, was brought to boil under stirring for 5 min. Sodium citrate tribasic dehydrate (1%) solution (5 mL) was added at once under continuous stirring. The solution color turned pale yellow forming silver nanoparticles colloid, then left to cool and proceeds for physiochemical characterization (Fang et al., 2005).
	Characterization of silver nanoparticles
	 	Actual morphology of the prepared silver nanoparticles was imaged by High Resolution Transmission Electron Microscope (HR-TEM) operating at an accelerating voltage of 200 kV (Tecnai G2, FEI, Netherlands). Diluted colloidal silver nanoparticles solution was ultra-sonicated for 5 min to reduce the particles aggregation. Using micropipette, three drops from the sonicated solution were deposited on carbon coated-copper grid and left to dry at room temperature.HR-TEM images of the silver nanoparticles that deposited on the grid were captures for morphological evaluation. Dynamic Light scattering (DLS) technique was utilized to estimate the average particle size distribution that was measured by zeta sizer (Malvern, ZS Nano, UK). The chemical structure of as prepared silver nanoparticles was assessed using X- ray Diffraction (XRD) technique. Colloidal silver solution was centrifuged at 18,000 rpm for 30 min using cooling centrifuge, the precipitated pellet was dried in vacuum oven for 2hrs then grinded into fine powder to be bombarded by X-ray for phase analysis. The corresponding XRD pattern was recorded in the scanning mode (X‘pert PRO, PAN analytical, Netherlands) operated by Cu K radiation tube (= 1.54 A ˚) at 40 kV and 30 mA. The characteristic SPR of AgNPs was recorded by absorption spectroscopic technique using a double beam UV–Vis-NIR spectrophotometer (Cary 5000, Agilent, UK) within the scanning range of 300–800 nm. The obtained diffraction pattern was interpreted by the standard ICCD library installed in PDF4 software. Qualitative and quantitative measurements of the applied silver nanoparticles concentrations were determined by Inductivity Coupled Plasma (ICP) technique (PerkinElmer ICP-OES: Optima 2000, Germany). Synthesis and characterization of silver nanoparticles were performed in Nanotechnology & Advanced Materials Central Laboratory, Agriculture Research Center, Egypt.
	Effect of silver nanoparticles on TSWV infectivity
	On local lesion host
	The efficiency of silver nanoparticles in controlling TSWV was assessed under greenhouse conditions on Ch. amaranticolor as a local lesion host. Ch. amaranticolor seeds was planted in (30 cm diameter) plastic pots packed with sterilized soil and grown under natural lighting, day/night temperature of approx. (23±2°C). Ch. amaranticolor (40 days old)   seedlings of similar size were chosen and divided into three groups(i.e., 1,2,3) group 1 seedlings treated with silver nanoparticles immediately with TSWV inoculation; group 2 seedlings treated with silver nanoparticles before 24hrs. from virus inoculation; group 3 seedlings treated with silver nanoparticles after 24hrs. of virus inoculation. Ten leaves of Ch. amaranticolor were used as a replicates in each treatment. Seedlings were sprayed with the five concentrations of silver nanoparticles i.e., 25, 50, 100, 150 and 200 ppm. In check experiments two groups of plants were used, the first were mechanically inoculated with TSWV- infectious sap 1ml/ plant (infected control) and the second healthy plants as a check (healthy control). Tested plants were observed daily for the developing of local lesions on Ch. amaranticolor leaves. Local lesions were counted 7 to 10 days after inoculation. The percentage of inhibition of local lesion number was calculated based on the formula described by Madhusudhan et al. (2011): 
	I = C-T/C×100 Where I = inhibition percentage of local lesion formation over control, C = average No. of local lesions on control leaves and T = average No. of local lesions on treated leaves.
	On systemic host
	This experiment was conducted using Randomized Complete Block Design with fifteen treatments and two controls (inoculated and un inoculated plants) consisted of four replicate pots and four plants per pot. The five concentrations of silver nanoparticles were applied as foliar sprays on the potted plants. The same steps were carried out as mentioned above except, potato seedlings were used as a systemic host. Sixteen potato seedlings cv. Spunta (21 days old) were used as replicates in each trial. Tested plants were observed daily for the appearance of systemic symptoms on potato plants. Inhibitory effect of the tested silver nanoparticles was determined as described by Devi et al. (2004) using the following equation: Inhibition % = (A-B/ A) ×100, where A is the number of plants in check experiment and B is the number of treated plants and after that inoculated by virus inoculums. In all cases ELISA test were performed to calculate the inhibition percentages of virus infectivity.
	Molecular detection of TSWV
	Total RNA Extraction 
	Total RNA was isolated from symptomatic and healthy potato plants cv. Spunta from Kafr-El-Sheikh governorate which were naturally infected with TSWV, showing typical viral symptoms using RNeasy® Plant Mini Kit obtained from QIAGEN according to manufacturer’s instructions.
	Primers for TSWV
	Specific primers for the full-length NP gene of TSWV was used for the amplification of the NP gene according to Pang et al. (1992). The forward primer JLS90-46, and the complementary primer JLS90-47 (Table 1). 
	Table 1: The sequences of the specific primers used to detect the NP gene of tomato spotted wilt virus (TSWV).
	Reverse transcription- polymerase chain reaction (One step RT-PCR)
	One step RT-PCR was done using “Platinum Quantitative RT-PCR Thermo Script One Step System” (Invitrogen, USA). Total RNA extracted from infected tomato plants using RNeasy® plant Mini Kit (Qiagen, USA) were used as templates for one-tube RT-PCR amplification reactions. RT-PCR mixture prepared by combining 12.5  (L of 2X Thermo Script Reaction Mix, 5 µL of total RNA, 1 µL of 10 µM of each primer (forward and reverse primers; Table 1), 0.5 µL of Thermo Script Taq Enzyme Mix and the reaction was completed to 25 (L with double distilled water. Reverse transcription reaction started with incubation at 50°C for 30 min, incubation for 2 min at 94°C, followed by 30 cycles of 30 sec at 94°C, 30 sec at 68°C, and 1 min at 72°C, with a final incubation of 7 min at 72°C, and then the reaction was held at 4°C. Five microliters aliquots of RT-PCR products were analyzed on 1% agarose gels in 0.5X TBE buffer.
	Preparation samples for anatomical study 
	The specimens of potato plants treated with silver nanoparticles in addition to the control plants (healthy and infected) were taken from the leaf with age 30 days. The samples were killed and fixed for one week with formalin acetic acid solution (F.A.A.10ml formalin + 5ml glacial acetic acid + 85ml ethanol 70%). The selected materials were washed in 50% ethanol, dehydrated in series of normal butyl alcohol, embedded in paraffin crystal violet/ erythrosine cleared in xylene and mounted in Canada balsam (Nassar and El- Sahhar, 1998). The sections were examined to detect histological manifestations of noticeable responses resulting from the treatment of the plants.
	Experimental layout and statistical analysis
	Data were analyzed with the statistical analysis system SAS. All multiple comparisons were first subjected to analysis of variance (ANOVA) comparisons among means was carried out according to Duncan's multiple range test (Duncan1995).
	Results
	Virus source and symptoms
	The virus used in this study was isolated from potato (Solanum tuberosum) plants collected from from Kafr-El-Sheikh governorate-Egypt. Infected leaves with TSWV–like symptoms showed tip necrosis, necrotic spot and yellowing (Fig 1-A). TSWV developed symptoms after mechanical inoculation of potato leaves (1-B) compared with healthy potato plants (C).
		
	Virus isolation and propagation
	 
	TSWV was transmitted mechanically from naturally infected potato plants to healthy greenhouse grown potato seedlings cv. Spunta at the 2-3 leaf stage. Symptoms appeared fifteen to twenty days post virus inoculation as chlorotic and necrotic spot, yellowing and tip necrosis on leaves (Fig 1-B). The virus was biologically purified by singe local lesions developed on Ch. amranticolor Coste & Reyn and then propagated in N. tabacum plants which used as a source of the virus isolate. On the other hand serological detection of TSWV using (DAS)–ELISA confirmed the presence of TSWV in both naturally infected potato plants and TSWV mechanically inoculated potato seedlings in the greenhouse.
	Host range studies
	Fifteen different hosts belonging to seven different families were susceptible to TSWV infection. The induced systemic symptoms on the tested hosts ranged between mosaic, chlorotic and necrotic local lesion, necrotic spot and yellowing. Results showed that systemic symptoms appeared after 15-20 days post virus inoculation (Table 2 and Fig.2).
	Fig. 1: Symptoms of an infected potato plants with TSWV in a commercial potato field and greenhouse. Fig. (1 -A), natural infected potato plants showing tip necrosis, necrotic local lesion and yellowing. (1-B), potato plants upon mechanical inoculation showing yellowing, necrotic local lesion and tip necrosis compared to healthy potato plants in (c).
	Table  2: Host range of Tomato spotted wilt virus tested by mechanical inoculation
	SM= systemic mosaic, NS= necrotic spot, TN= tip necrosis, CHLL= chlorotic local lesion,  NLL= necrotic local lesions, NRS= necrotic ring spot, Y= yellowing.
	* An unspecified (or unknown) species.
	Electron microscopy 
	Morphology of TSWV particles
	Transmission electron microscope examination of the virus dip preparation from infected potato leaves negatively stained with phosphotungetic acid revealed the presence of spherical particles which were 85 nm in diameter (Fig. 3).
	Characterization of silver nanoparticles 
	Fig. (4) shows physicochemical characterization of the synthesized silver nanoparticles to evaluate its properties using different techniques. Nanoparticles morphology and size determination, HR-TEM electrograph shows well uniformed spheres with average size of 12.6 ± 5 nm. The corresponding TEM diffraction pattern inset shows formation of silver nanoparticles with spherical crystal structure (Fig.4A). Fig. 4B represents the particle size distribution curve obtained from DLS measurements with excellent polydispersity index (PDI) 0.434. Silver nanoparticles phase formation was tested by XRD analysis, Fig. 4C, based on Bragg’s reflections low. Characteristic diffraction pattern show sharp intense and narrow peaks at 38.14°, 44.41°, 64.61° and 77.74° 2θ angles those corresponding to hkl parameters of  (111), (200), (220), and (311), respectively. The obtained diffraction pattern was compared with the standard ICCD library installed in PDF4 software, card no: (04-003-5625). Colloidal solution of spherical silver nanoparticles has a distinct yellow color and corresponding characteristic Surface Plasmon Resonance (SPR) absorption peak at 409 nm with Gaussian distribution curve, as indicated in Fig. (4D).
	Fig. 4: Characterization of silver nanoparticles (AgNPs). (A): HRTEM image showing spherical shape of prepared silver nanoparticles with average size 12.6 nm. (B): Particle size distribution of prepared silver nanoparticles showing the average size of 13.35 nm. (C): XRD pattern analysis indicating the formation of silver nanoparticles with cubic unit crystal. (D): Absorption spectrum of silver nanoparticles.
	Effect of silver nanoparticles (AgNps) on TSWV infectivity
	  
	On local lesion host
	         Data presented in Table (3) revealed that all tested concentrations of silver nanoparticles caused significant inhibitory effect on local lesion number produced on Ch. amaranticolor leaves when inoculated with TSWV. Treatment of plants with AgNps induced different plant responses, depending on the treatment time (pre-inoculation, immediately with or post-inoculation). The inhibitory effect of AgNps was increased with increasing their concentrations. The higher inhibitory effect (90.4%) was recorded with silver nanoparticles when sprayed 24hrs. after virus inoculation at 200 ppm. While, the concentration of 25 ppm gave the lowest value of inhibition (68.7%). Moderate inhibitory effect (68.6%) was obtained with (50 ppm) when AgNps were sprayed immediately with virus inoculation. On the contrary, lower inhibitory effect (09.5 %) was detected at the same concentration when the plants were sprayed before virus inoculation. 
	Table 3: Effect of different concentrations of silver nanoparticles on the inhibition percentage of local lesion number produced by Tomato spotted wilt virus on Chenopodium amaranticolor 
	Effect of silver nanoparticles (AgNps) on TSWV infectivity
	On systemic host
	         Data given in Table (4) showed that sprayed AgNps 24hrs. after virus inoculation at 200,150 and 100  ppm gave the highest inhibitory effect on TSWV- systemically infected potato seedlings (87.5, 81.2 and 75%, respectively).While, the concentration of 25 ppm gave the lowest value of inhibition (43.7%). Moderate inhibitory effect (56.2 %) was obtained by AgNps at 50 ppm when AgNps were sprayed immediately with virus inoculation. The inhibitory effect was less pronounced when AgNps were sprayed at the same concentration on the tested plants at 24 hrs. before virus inoculation (25%). 
	Table 4: Effect of different concentrations of silver nanoparticles on systemically infected Tomato spotted wilt virus on potato seedlings
	Molecular detection of TSWV
	Naturally infected potato plants were tested for the TSWV infection. RT-PCR amplification of the viral RNA was carried out on the total RNA isolated from infected potato plants using TSWV specific primers. Electrophoresis analysis of RT-PCR product showed the 760 bp amplification products of the total RNA, while no products were amplified from the RNA extracted from healthy plants (Fig.5).
	Fig. 5: Agarose gel electrophoresis analysis of RT-PCR amplified products using the primers JLS90-46 and JLS90-47. M: 100 bp DNA ladder; lanes from L1 to L6: different potato samples infected with TSWV and L7: (healthy plant control).
	Anatomical manifestations of the leaf:
	Healthy leaf
	Cross section of healthy leaf of potato passing through the midrib showed normal anatomical features. Upper and lower epidermis consists of a single layer of barrel- shaped cells. The mesophyll cells (palisade parenchyma) were cylindrical and packed into one layer with narrow intercellular space between cells followed by five layers of spongy parenchyma with wide intercellular space. The lamina is nearly flat with slightly bulging midrib from the upper and lower sides. The midrib contains a usual bicollateral vascular bundle with xylem rows have moderate lignification. Phloem arranged in clear patches. (Fig. 6A-a). 
	Infected leaf 
	Upper and lower epidermis irregular and become bigger than healthy one. There are extensive disruption of all mesophyll layers. Mesophyll tissue shows abnormal clear parenchyma and Collapsed palisade with wide empty spaces. The spongy tissue showed fully collapsed with no contents at all. The lamina is irregular and clearly bulging upper and lower sides (concave lamina). The midrib contains somewhat flat or slightly curved bicollateral vascular bundle. The vascular bundle has haphazard arranged xylem vessels. The newly formed vessels are less lignified. Parenchyma cells surrounding the vascular bundle are abnormally large with clear wavy wall (Fig.6 B-b).
	Effect of treated leaves with silver nanoparticles 24hr. after virus inoculation
	Progressive increasing in upper epidermis at concentrations of 100 and 150 of AgNPs but for lower epidermis there are no increases observed at all concentrations. The thickness of palisade increased at 100 and 150 ppm more than infected leaves. Spraying with 100 and 150 ppm recorded increase in spongy tissue and lamina thickness (Fig 6. E-e & D-d). For the length and width of main vascular bundle, an increase was recorded in length of vascular bundle at all concentrations except 25 ppm and the highest increase was recorded with 100 and 150 ppm more than infected untreated control. It was noticed that diameter of xylem vessels become wider under all levels compared with infected leaf and recoded the highest with 150 ppm. Therefore, the thickness and number of xylem rows exhibited the highest increase at 150 ppm more than infected leaf. As to the thickness of phloem, application of AgNps at 150 ppm recorded the highest increase followed by 100 ppm compared with infected leaves. The thickness of midvein area exhibited an increase at all concentrations except at 25 ppm compared with infected control treatment. The highest increase recorded with 150 ppm, but conc. of 200 ppm showed a little increase compared with other concentrations. It is obvious from the obtained results that increasing the concentrations of AgNps showed an increase in different tissues except the concentration of 25 ppm which showed a decrement in most characters while 150 ppm exhibited a sharply increase in most characters under studies followed by 100 ppm, whereas 200 ppm showed a little increments compared with other concentrations.
		
	Fig. 6: transverse sections through the blade of potato leaf at age of 30 days treated with Ag nanoparticles (40 and 100X)
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