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INTRODUCTION

Tomato is considered the most widely grown and consumed 

vegetable in Egypt. However, tomato is susceptible to diff erent plant 

pathogens including fungal, bacterial and viral pathogens. Among 

viral pathogens, Tomato yellow leaf curl virus (TYLCV, genus: 

Begomovirus, family: Geminiviridae) is economically one of the most 

devastating pathogens in the tropical and subtropical regions [1]. 

Th e reduction of tomato yield attributed to TYLCV ranges between 

28-100% depending on the age of the plants at the time of infection 

and the percentage of infected plants and disease severity [2,3]. 

Commercial cultivars of tomato still lack eff ective resistance against 

the virus and the introduction of resistant genes into commercial 

cultivars by conventional breeding requires years of selection to 

eliminate unfavorable characteristics, even when a natural source is 

available [4]. Th e main obstacle to develop an eff ective chemotherapy 

is the nature of virus multiplication in the host cells [5]. Additionally, 

some viruses persist in latent infection in the host [6,7]. Th e common 

and available method to control TYLCV was to spray plants with 

insecticides, like Cypermethrin (0.01%) or Dimethoate (0.1%), to 

control its vector Bemisia tabaci [8]. But the undesirable eff ects of 

insecticides on human health and the environment have encouraged 

researchers to fi nd alternative methods to control TYLCV infection. 

In this respect, management of TYLCV by plant extracts is relatively 

new, ecologically sound and environmentally safe. Hence, this study 

was mainly concentrated on the development of eff ective strategies 

for the management of TYLCV in tomato using plant extracts and 

silica nanoparticles.

Recently, a class of molecules called elicitors has been used to 

induce systemic resistance against diff erent plant pathogens including 

fungi, bacteria and viruses [9-16]. Several natural and synthetic 

agents have been used such as benzothiadiazole-7-carbothioic acid-S-

methyl ester (BTH), 2, 6-dicholroisonicotinic acid (INA), chitin and 

Eugenol [17-21]. Induction of plant defenses by natural elicitors such 

as plant extracts was implemented in the management of plant virus 

disease [22,23]. Although, systemic resistance against plant viruses 

was enhanced by plant extracts, the underlying mechanism has not 

been elucidated. Th erefore, the objectives of this study were to assess 

the antiviral activity of some medicinal plants (Zingiber offi  cinale and 

Mentha longifolia extracts) and silica nanoparticles against TYLCV 

in tomato and to evaluate the eff ects of the medicinal plants and silica 

nanoparticles on oxidative enzymes (peroxidase and polyphenol 

oxidase) as well as morphological and physiological characteristics of 

tomato plants infected with TYLCV such as plant height, leaf area, 

number of branches, fresh and dry weight, chlorophyll contents and 

yield (number of fl owers and fruits per tomato plant). To the best of 

our knowledge, this is the fi rst report on using the aqueous extracts 

of ginger and horsemint and silica nanoparticles against TYLCV 

infection in tomato.

MATERIALS AND METHODS

Isolation and identifi cation of virus isolate

Tomato plants (Lycopersicon esculentum var. Alissa from 

Nunhems Seeds Ltd.) were grown in a greenhouse (25°C, with 12h 

dark, 12h light photoperiods). Six leaf stages were used for Tomato 

yellow leaf curl virus (TYLCV) infection.

An infectious clone of TYLCV in Agrobacterium tumefaciens 

was kindly provided by Agricultural Botany Department, Faculty 

of Agriculture, Kafrelsheikh University, Egypt. Agrobacterium 

tumefaciens strain was inoculated in YEP medium as described by 

Wang and Fan [24]. Puncture inoculation method was used for 

Agrobacterium tumefaciens inoculation [25].

Extract preparation

Rhizomes of Zingiber offi  cinale and leaves of Mentha longifolia 

were purchased from the Research of Medicinal and Aromatic Plants, 

Institute of Horticultural Research, National Research Center (NRC), 

Giza, Egypt. About 500 g rhizomes of Zingiber offi  cinale and leaves of 

Mentha longifolia were washed in tap water and then in sterile distilled 

water and were air dried at room temperature in dark conditions. Th e 

dried plants were milled to a fi ne powder in a mill and stored at room 

temperature in glass containers until used as described by Sultana et 

al. [26].

Silica nanoparticles

Nanosilica was obtained from Egypt Nanotech Company Limited, 

Cairo, Egypt. Th e size of the used nanosilica was 100 nm with a purity 

of 99.99%. Nanosilica used as spray solutions at concentration levels 

of 50, 100 and 200 μgmL-1. 

Pot experiment

Th e effi  ciency of plant extracts and silica nanoparticles in 

controlling TYLCV in tomato was assessed under greenhouse 

conditions. Tomato seeds were surface sterilized with 2% sodium 

hypochlorite. Th e seeds were dried under shade for 30 min and used 

for sowing. Tomato plants at six-leaf stage were selected for TYLCV 

infection. Spray treatments with extracts of Zingiber offi  cinale, 
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Mentha longifolia and silica nanoparticles were applied at 50, 100 and 

200 μg mL−1 to ‘run-off ’ with a hand sprayer at 1 day before TYLCV 

inoculation. Foliar spray with distilled water was carried out as the 

control treatment. Fift een plants were used per each treatment and 

the experiment was repeated in triplicate.

Field experiment

Induction treatments were evaluated also under fi eld conditions. 

Th ree fi eld trials were conducted in randomised complete block design 

with three replications during 2016-2017 in diff erent regions of Kafr 

El-Sheikh, Egypt, which are endemic areas for TYLCV incidence. A 

standard plot size of 4 × 3.5 m2 was maintained for all treatments. 

Foliar sprays were conducted as described previously.

Effect of plant extracts and silica nanoparticles on TYLCV 
disease 

Disease severity was recorded one month aft er TYLCV 

inoculation. Disease severity was measured aft er the inoculation 

based on a scale of 0–4 as described earlier by Lapidot et al. [27]. A 

severity index was calculated, as described earlier by Raupach et al. 

[28] from the disease rating using the formula:

Disease severity index= [∑ (Rating no. × No. of plants in rating) × 

100%] / (Total no. of plants × Highest rating)

Th e effi  cacy percentage (%) was determined by the following 

formula:

(Disease index of Ck1− Disease index of Pt1/Disease index of 

Ck1) × 100

where Ck1 is the control aft er spraying water; and Pt1 is the 

treatment.

DAS-ELISA

Double Antibody Sandwich Enzyme Linked Immunosorbent 

Assay (DAS-ELISA) was used for rapid detection as described by 

Elsharkawy et al. [11]. ELISA Kits were supplied by SANOEL, Santee 

Animal, Paris, France. In tomato, the second, third, fourth and sixth 

youngest leaf from the top of treated and untreated control of all the 

pot and fi eld trials were collected randomly from six diff erent plants 

for each replication and weighed to one gram and extracted using 

extraction buff er. Th e collected samples were placed individually into 

wells of a polystyrene microtiter plate, triturated with the blunt end 

of a glass rod with 250 ml of ELISA extraction buff er (0.01 M sodium 

phosphate buff er, pH 7.4 containing 0.02% sodium azide (w/v) 0.1% 

sodium chloride (w/v) 0.05% Tween 20 (v/v) and 2% polyvinyl 

pyrrolidone (w/v) added per well. Similarly, TYLCV infected tomato 

leaf tissue sap was diluted in ELISA extraction buff er and further steps 

were carried as normal DAS-ELISA. Before loading to the wells the 

protein concentration was adjusted to 250 mg/ ml in all the samples 

and a standard DAS-ELISA protocol was followed. Th e plates were 

incubated at 37°C for 1 h and the wells washed three times with 

phosphate-buff ered saline pH 7.5 containing 0.05% Tween-20 (PBST). 

Th e wells then were loaded with 200 μl of antirabbit immunoglobulin-

alkaline phosphatase at 1:1000. Th e plates were incubated at 37°C 

for 1 h. Th e wells were washed three times as previously described. 

Th e absorbance value of each sample was measured at 405 nm by 

ELISA-reader 1 h aft er the addition of the substrate (P-nitrophenyl 

phosphate at 1 mg/ ml in 10% of diethanolamine pH 9.8).

Detection of coat protein gene of TYLCV 

TYLCV was detected using PCR according to Navot et al. [28]. 

Th e oligonucleotide geminivirus specifi c primers for all Eastern 

Hemisphere Whitefl y-Transmitted Geminivirus (OWTGs) were 

C Forward: 5`-CAGTCCGTTGAGGAAACTTAC-3` C Reverse: 

5`CCCACCAATAACTGTAGC-3`. Nucleic acid spot hybridization 

(NASH) was carried out for the detection of TYLCV concentration in 

the treated and untreated tomato plants according to Navot et al. [29].

Evaluation of defense-related enzymes activities 

Peroxidase and polyphenol oxidase were measured on tomato 

plants treated with plant extracts and silica nanoparticles aft er 1 and 

2 weeks aft er viral infection. Th e measurement process was as follows:

Th e upper tomato leaves (0.5 g) were harvested and immediately 

frozen in liquid nitrogen and stored at −80°C. Th e activity of 

Peroxidase (POD) was measured according to the method described 

by Sudhamoy et al. [30], while the activity of Polyphenol Oxidase 

(PPO) was assayed as described by Flurkey et al. [31]. Th e experiments 

were repeated at least thrice with three plants per each treatment.

Evaluation of plant growth and yield

Plant growth parameters, i.e. plant height, leaf area, fresh and dry 

weight, fl owers number, fruits number, fruits weight and chlorophyll 

contents were measured. Moreover, quality characters of tomato 

fruits such as acidity, Total Soluble Solids (T.S.S) % and vitamin C 

mg/ 100 ml juice were recorded at the harvest time.

Statistical analysis

XLSTAT Pro statistical analysis soft ware (Addinsoft , New York, 

NY, USA) was used for Analysis of Variance (ANOVA). Treatment 

means were separated using Fisher’s Least Signifi cant Diff erence 

(LSD) test [32]. All analyses were conducted at signifi cance value of 

P ≤ 0.05.

RESULTS

Effect of leaf extracts and silica nanoparticles on TYLCV 
disease 

Plants were sprayed with plant extracts of ginger and horsemint 

and silica nanoparticles 1 day before TYLCV inoculation, to control 

TYLCVD in tomato plants (Table 1). Th e lowest disease severity was 

achieved using a concentration of 200 μgmL−1 in all treatments under 

pot and fi eld experiments. Ginger extract was more eff ective than 

the extract of horsemint. Th e protective activity of plant extracts was 

more eff ective than the silica nanoparticles activity against TYLCV.

Serological detection using DAS-ELISA

Th e leaves from treated plants recorded lower virus concentrations 

compared to untreated control plants. Silica nanoparticles treated 

Table 1: Effi cacy of plant extracts and silica nanoparticles on controlling of 
TYLCV in tomato plants.

Treatments Dosage
(μgmL−1) Pot experiment Field experiment

Zingiber offi cinale
50 μgmL−1 65.3b 48.6a
100 μgmL−1 58.7c 41.1b
200 μgmL−1 51.3d 35.2c

Mentha longifolia
50 μgmL−1 71.2a 51.7a
100 μgmL−1 64.4b 43.3b
200 μgmL−1 56.8c 36.4c

Silica 
nanoparticles

50 μgmL−1 57.3c 34.5c
100 μgmL−1 49.5d 29.7d
200 μgmL−1 40.1e 24.3e
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plants showed higher virus concentrations compared to plant extracts 

(Table 2). TYLCV concentration in tomato leaves sprayed with ginger 

extracts was lower than horsemint-treated plants (Table 2).

Detection of coat protein gene of TYLCV 

Coat protein gene was not founded in tomato plants treated with 

ginger and horsemint extracts and silica nanoparticles. In contrast, 

coat protein gene was founded in control plants (Figure 1).

Activity of defense-related enzymes 

POD and PPO activities on tomato leaves were measured at 1 and 

2 weeks post TYLCV inoculation. Th e activity of POD signifi cantly 

increased 3-fold in leaves treated with plant extracts compared with 

control leaves. Th e activity of PPO signifi cantly increased 2-fold in 

tomato plants treated with plant extracts compared with control 

plants (Table 3). Th e activities of POD and PPO in leaf extracts-

treated tomato plants were also higher than silica nanoparticles-

treated plants.

Effect of ginger and horsemint extracts and silica 
nanoparticles on growth and yield characters of TYLCV 
infected tomato plants

Data presented in table 4 indicated that ginger and horsemint 

extracts as well as silica nanoparticles showed positive eff ects on 

growth parameters of tomato plants. Data showed that the treatment 

of ginger and horsemint extracts (200 μg mL−1) exceeded the other 

treatments in plant growth characters. Silica nanoparticles gave an 

intermediate values, while the control treatment recorded the lowest 

values for all the studied parameters. Ginger extracts at 200 μg mL−1 

exhibited the highest plants (91.2 cm), highest fresh and dry weight 

(447.9, 75.3, respectively) and the highest fl owers and fruits number 

(115.3, 38.6, respectively). 

Ginger and horsemint extracts and silica nanoparticles 

signifi cantly increased number of fl owers and fruits and fruits weight 

per plants as well as quality characters of tomato fruits such as acidity, 

total soluble contents and vitamin C compared with the control. 

Ginger and horsemint treatments achieved the best results in this 

respect followed by silica nanoparticles which was also signifi cantly 

higher than the control. No signifi cant diff erence was recorded 

between ginger and horsemint treatments (Table 5).

DISCUSSION

Induced systemic resistance to plant diseases has been well known 

for many years. Th e search for new inducing agents has intensifi ed in 

recent years. Th e natural compounds as inducers of disease resistance 

could play a key role in this respect. Recently, there has been increasing 

interest in plant-induced resistance as new, environmentally friendly 

methods for disease control. In this study, we demonstrated that 

ginger and horsemint extracts and silica nanoparticles could greatly 

infl uence tomato resistance to TYLCV. 

Th e induced disease resistance by plant extracts and silica 

nanoparticles and the mechanisms involved were investigated. Our 

results revealed that both plant extracts as well as silica nanoparticles 

acted as a potential elicitor in producing resistance. Application 

of induction treatments signifi cantly reduced disease severity 

and TYLCV concentration in tomato. Th e results presented here 

demonstrate that the induction treatments signifi cantly reduced the 

TYLCV incidence both in pot and fi eld conditions. Th ese results 

agree with previous studies of Maurhofer et al. [33], Murphy et al. 

[34], and Kandan et al. [35] in the management of Tobacco necrosis 

virus (TNV) in tobacco, Tomato mottle virus (ToMoV) and Tomato 

spotted wilt virus (TSWV) in tomato, respectively. Additionally, 

the infection of Sunfl ower necrosis virus (SFNV) was signifi cantly 

reduced in cowpea and sunfl ower plants treated with the Antiviral 

Protein (AVP) from plant extracts [36]. Salicylic acid treatment was 

signifi cantly induced systemic resistance against Tobacco mosaic virus 

[34]. Th e aqueous extracts of Plectranthus tenuifl orus, Azadirachta 

indica, Clerodendrum inerme, Schinus terebinthifolius induced 

systemic resistance against Bean common mosaic virus under fi eld 

conditions [23].

In the present study, the DAS-ELISA test was performed for the 

detection of TYLCV in treated tomato plants and the ELISA values 

were found to be lower in treated leaf samples compared to the 

untreated control plants under pot and fi eld conditions.

Table 2: Effect of Zingiber offi cinale and Mentha longifolia extracts and silica 
nanoparticles on multiplication of TYLCV.

Treatments Dosage
(μgmL−1) Pot experiment Field experiment

Zingiber offi cinale
50 μgmL−1 0.81c 0.74b 

100 μgmL−1 0.61d 0.63c
200 μgmL−1 0.48e 0.52d

Mentha longifolia
50 μgmL−1 1.12b 0.79b 
100 μgmL−1 0.82c 0.66c
200 μgmL−1 0.59d 0.55d

Silica 
nanoparticles

50 μgmL−1 0.62d 0.57d
100 μgmL−1 0.45e 0.39e
200 μgmL−1 0.35f 0.25f

Control 1.750a 1.675a

Figure 1: Detection of TYLCV in tomato plants by PCR. 1- Control, 2- Treated 
with Zingiber offi cinale, 3- Treated with Mentha longifolia, 4- Treated with 
silica nanoparticles

Table 3: Induction of the activities of Peroxidase (POD) and Polyphenol 
Oxidase (PPO) in tomato plants after ginger and horsemint extracts and silica 
nanoparticles treatments. Tomato leaves were sprayed with treatments at a 
concentration of 200 μg mL−1 and with water as control.

Treatments
Peroxidase Polyphenol oxidase

1WPI 2WPI 1WPI 2WPI
Zingiber offi cinale 60.6a 43.6a 25.3a 22.7a
Mentha longifolia 57.3a 42.9a 23.9a 21.4a

Nanosilica 30.2b 28.5b 15.4b 13.5b
Control 20.3c 19.7c 10.5c 9.3c
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Applications of plant extracts and silica nanoparticles for the 

control of TYLCV showed signifi cant increase in morphological and 

physiological characters of tomato plants such as plant height, leaf 

area, number of branches, fresh and dry weight, chlorophyll contents, 

number of fl owers and fruits number and weight per plant. Moreover, 

the quality characters of tomato fruits such as acidity, total soluble 

contents and vitamin C were signifi cantly increased in ginger and 

horsemint treated plants compared with the control. Th e best results 

was recorded in plots that received spray treatment with ginger 

extracts followed by horsemint treatment which was also signifi cantly 

higher than silica nanoparticles treated plants. Similarly, shoot length 

and fresh and dry weights were signifi cantly increased due to ginger 

extract treatment [37]. Extracts of ginger (Zingiber offi  cinale) showed 

signifi cantly increased resistance against soil-borne pathogens as 

well as growth characters of chili plants [38]. Th e thickness and the 

roughness of Gerbera leaves were increased due to silica treatment, 

thus improving light reception and photosynthesis which enhances 

plant growth and yield [39-41]. Moreover, the production of new 

pigments was stimulated due to silicon treatment, thus the contents of 

chlorophyll a and b of Polygonatum multifl orum were also increased 

[42].

Th e activities of POD and PPO were increased during the 

induction treatments. Hence, a variety of disease resistance 

mechanisms were involved in induced resistance by ginger and 

horsemint extracts and silica nanoparticles against TYLCV in tomato 

plants. In our experiments, treatment of tomato with ginger and 

horsemint extracts and silica nanoparticles induced stronger activities 

of POD and PPO. Several reports have suggested that POD is related 

to lignin and suberin synthesis, which increase the hardness of tissues, 

and to the production of quinones and active oxygen, which possess 

antibiotic properties [43,44]. In this study, we found that POD and 

PPO activities were increased aft er induction treatments. Several 

reports have suggested that POD is a key regulatory enzyme in local 

and systemic disease resistance [45,46]. Th e phenolic compounds can 

be oxidized by PPO and produce antimicrobial phenolic substances, 

such as quinines, which are more toxic to pathogens. In conclusion, 

our results indicated that ginger and horsemint extracts and silica 

nanoparticles had induced activation of defense-related enzymes 

which resulted in enhanced resistance against TYLCV under pot and 

fi eld conditions.
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