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Abstract
The tuber necrotic strain of Potato virus Y (PVYNTN) causes widespread disease and has 
severe negative effects on the growth and yields of plants, especially those of the Solanaceae 
family. The consequences of residual toxicity and non-biodegradation of synthetic chemi-
cals and pollution of the environment has led to investigations into new non-toxic and 
biological treatments to control plant viral diseases. Ethanolic extracts of Bowiea volubilis 
(bulbs), Cotyledon orbiculata (leaves), Gomphocarpus fruticosus (leaves), Merwilla plumbea 
(dry and fresh bulbs), Nerium oleander (leaves), and the fruits and leaves of Strophan-
thus speciosus, were evaluated against PVYNTN in vivo and in vitro. At a concentration of 
20 mg · ml−1, ethanolic extracts of Strophanthus speciosus (leaves) and fruits (50 mg · ml−1) 
significantly reduced the expression of PVYNTN symptoms on tobacco plants in vitro with-
out affecting the normal growth and development of the plant. Similarly, at 50 mg · ml−1, 
N. oleander, C. orbiculata and B. volubilis (fresh bulbs) and S. speciousus leaves at 
20 mg · ml−1 extracts showed significant differences in PVYNTN symptoms in the in vivo 
experiment. Strophanthus speciosus leaf and fruit extracts showed significant inhibition in 
the in vitro and in vivo assays and demonstrated that S. speciosus has potential to be used as 
an antiphytoviral treatment.
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Introduction

Potato virus Y (PVY) genus Potyvirus, belonging to 
the largest plant virus family, Potyviridae, is one of 
the most common viruses that infect a wide range of 
plant species, primarily from the Solanaceae family, 
including potato, tobacco, tomato, and pepper (Hu 
et al. 2009; Petrov et al. 2016b). It also infects other 
crops such as bean, clover, maize, pea, peanut, soy-
bean, sorghum, tulip and cucurbits (Mohamed 2010). 
Potato virus Y causes a wide range of symptoms such 
as mosaic, mottling lesions and necrosis leading to 
death of the plant (Hu et al. 2011). However, in some 
cases it can be symptomless. The appearance of these 

symptoms depends on the plant species, the cultivar 
and the virus strain (Hu et al. 2011). Potato virus Y has 
a worldwide distribution and has been described as one 
of the five most important viruses infecting vegetable 
species worldwide, with Potato virus Y, strain NTN 
(PVYNTN) responsible for systemic vein necrosis (VN) 
on various host plants including tobacco (Doubnerová 
et al. 2007; Spoustová et al. 2015). Currently there is no 
effective pesticide available to control these viral dis-
eases (Petrov et al. 2016a). 

This single-stranded positive RNA genome virus 
consists of approximately 9,700 nucleotides. PVY has 
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been classified into different strains such as PVYC, 
PVYN, PVYO, PVYNW and PVYNTN (Visser and Bellstedt 
2009). In tobacco plants, PVY isolates are divided into 
two major groups, namely the ordinary strain, PVYO, 
and the necrotic strain, PVYN, which is further divided 
into two main groups, namely PVYNTN and PVYN-Wi, 
which all induce VN in tobacco (Matros et al. 2006). 
Different species of aphids transmit this virus (Tribo-
det et al. 2005; Barker et al. 2009). 

Symptoms caused by some PVY strains are more 
cosmetic and the economic impact is visible when po-
tatoes are produced for table use, processing or seed 
(Boonham et al. 2002).  It has been difficult for scientists 
to find a solution to solve plant virus infections because 
of a lack of effective natural remedies that will systemi-
cally cure virus infected plants. Although numerous 
types of treatments such as chemotherapy, thermo-
therapy and meristem-tip therapy have been reported 
to be successful in virus elimination endeavours, they 
cannot be used on a large scale (Thresh 2003). The most 
common method is to use pesticides, which are cur-
rently largely synthetic with the aim to kill or deter in 
a destructive way (Petrov et al. 2015). Consequently, 
controlling plant viruses and developing plant virus in-
hibitors is tremendously complicated. As a result, stud-
ies investigating natural products and plant extracts have 
increased in recent years with various studies showing 
promising results to control plant virus infections. Some 
of the plants that have been investigated and which 
show promising results include Curcuma longa (tur-
meric), Allium sativum (garlic), Hypericum perforatum 
Tanacetum vulgare, Plectranthus tenuiflorus and onion 
(Othman and Shoman 2004; Mohamed 2010; Petrov 
and Stoyanova 2015; Petrov et al. 2016a). Virucides with 
a biological base, which are developed from living or-
ganisms have the advantage of high effectiveness, low 
toxicity and high biocompatibility (Wang et al. 2015). 
Plant secondary metabolites as potential antipathogen 
agents have an advantage over chemical pesticides due 
to environmental compatibility, the possibility of novel 
specific mechanisms of action against the agent as well 
as more variety and rich resources (Zhang et al. 2007). 

The plants selected for this study, namely Bowiea 
volubilis Harv., Cotyledon orbiculata L., Gomphocarpus 
fruticosus (L.) W. T. Aiton., Merwilla plumbea Planch, 
Nerium oleander L. and Strophanthus speciosus (Ward. 
& Harv.) Reber, all contain cardiac glycosides (Van Wyk 
et al. 2002). Cardiac glycosides are a group of triterpe-
noids, which are derived from modification of the trit-
erpenes (Prassas and Diamandis 2008; Su et al. 2008) 
with reported activity against human viruses such as 
Herpes simplex virus 1 and 2 (HSV-1 and HSV-2) as well 
as Human immunodeficiency virus (HIV) (Prinsloo et al. 
2010; Bertol et al. 2011; Wong et al. 2018). The aim of 
this pilot study was to investigate the antiviral and phy-
totoxic activities of selected cardiac glycoside containing 

plants with the potential of being developed as an inex-
pensive natural preparation for the control of PVYNTN.

Material and Methods

Virus 

PVYNTN was obtained from the Agricultural Research 
Council, Vegetable and Ornamental Plants (ARC- 
-VOP), Roodeplaat, Pretoria, South Africa. The virus 
was propagated and maintained in tobacco plants. This 
strain was successfully used to screen commercial cul-
tivars for resistance to PVYNTN (Cloete et al. 2013). 

Host plants 

Nicotiana tabacum (cv. Samsun NN) plants were 
grown in an insect proof greenhouse at 20−25°C 
day and 15−20°C night temperatures, with a 16 : 8 h 
(light : dark) photoperiod. Irrigation was scheduled 
three times a week. These plants were used as a sys-
temic and local lesion host of PVYNTN virus for in vivo 
and in vitro experiments. 

Plant collection and extraction 

Freshly collected leaves of C. orbiculata and N. olean-
der, and fruit and leaves of S. speciosus were obtained 
from the Manie van der Schijff Botanical Garden of the 
University of Pretoria, Pretoria, South Africa. Leaves 
of G. fruticosus were collected from Faerie Glen Nature 
Reserve, Pretoria, South Africa. Fresh bulbs of B. volu-
bilis and M. plumbea were collected from ARC-VOP, 
Pretoria, South Africa. Some bulbs of B. volubilis and 
M. plumbea were left to dry prior to extraction. A rep-
resentative of each plant was collected and herbarium 
voucher specimens were deposited in the H.G.W.J. 
Schweickerdt Herbarium (PRU) of the University of 
Pretoria (Table 1).

For each plant, 20 g of plant material was soaked 
in rectified ethanol (96%; 150 ml) on a shaker for 
24 h. The extract was then filtered with vacuum fil-
tration. This procedure was repeated twice. There-
after the filtered extract was concentrated by rotary 
vacuum evaporation (Büchi R Rotavapor R-200 and 
Büchi Heating bath B-491). The final mass of the vari-
ous crude extracts was determined and the percentage 
yield of all nine plant extracts was calculated. All plant 
extracts were kept in glass vials in a cold room at 4°C 
until further use.

Phytotoxicity test

Extracts were initially dissolved in 10% dimethyl sul-
foxide (DMSO), and distilled water was added to all 
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extracts to yield final concentrations of 20 mg · ml−1 
(low concentration) and 50 mg · ml−1 (high concentra-
tion), respectively. Tobacco plants were mechanically 
smeared with the low and the high concentrations of 
the extracts at the three-leaf stage of the plants on the 
upper and the under surfaces of the leaves. Distilled 
water (dH2O) and low (5%) and high (10%) concentra-
tions of DMSO were tested as solvent controls. Plants 
were maintained in the greenhouse at 20−25°C day and 
15−20°C night temperatures. Plants were evaluated by 
observing mechanical damage and local lesions on the 
leaves after 2 h, 24 h and 7 days. 

In vivo: Effect of extracts on the infectivity 
of PVYNTN

A randomized blocked design experiment was conduct-
ed with 60 tobacco plants per treatment. The experiment 
consisted of three replicates and plants were sprayed with 
the extracts the day before they were inoculated with 
PVYNTN. Plants inoculated with PVYNTN but not treated 
with the extracts and plants not inoculated with the virus 
and not treated with extracts served as the positive and 
negative controls, respectively. Inoculations were con-
ducted when tobacco plants were at a three-leaf stage. 
Extracts were sprayed evenly on the plants until run-off, 
at concentrations of 20 mg · ml−1 and 50 mg · ml−1, using 
hand-held spray bottles. The experiment was conducted 
to determine the most effective concentration to con-
trol the PVYNTN which is not toxic to the plants. Symp-
toms induced by PVYNTN were observed and recorded 
using a scoring rate of 0−5 where: 0 = no symptoms, 
1−2 = mild symptoms, 3 = moderate symptoms, 
4 = severe to very severe symptoms, and 5 = very se-
vere symptoms. To determine the severity of infection 
the 0−5 scores were converted to an infection scale of 
0−100 where: 0−20 = no symptoms, 20−40 = mild 
symptoms, 40−60 = moderate symptoms, 60−80 = se-
vere to very severe symptoms and 80−100 = very severe 
symptoms. 

In vitro: Double antibody sandwich-enzyme 
linked immunosorbent assay (DAS-ELISA)

DAS-ELISA, using a Bioreba PVYN monoclonal anti-
body (Bioreba AG, Reinach, Switzerland), was used to 
confirm infection by PVYN in the inoculated tobacco 
plants (Ellis et al. 1996). Microtitre plates (F96 cert 
MaxiSorp Nalge Nunc International, NuncTM, Den-
mark) were coated with 100 µl of primary antibody 
[anti-PVYN IgG (Avt. No. 112712 Bioreba)], diluted 
at 1 : 1,000 in coating buffer (pH 9.6). The plates 
were incubated for 4 h at 37°C in an incubator 
[Merck chemicals (Pty) Ltd]. Plates were then washed in 
0.02 M phosphate buffered saline (PBS) (pH 7.4), con-
taining 0.05% Tween-20 (PBS-Tween) three times 
after 3 min incubations between each wash. Leaves 
were then homogenized in 6 to 10 ml of sample con-
jugate buffer consisting of 0.02 M PBS buffer (pH 7.4), 
containing 0.05% Tween-20 (PBS-Tween), 2% poly-
vinylpyrrolidone (PVP) and 2% egg albumin using 
a mortar and pestle. One hundred microliter sam-
ple extracts were added in duplicate wells of microti-
tre plates, and incubated for 4 h at 37°C or overnight 
at 4°C. Following incubation, plates were washed in 
PBS-Tween three times for 3 min. The third step was 
carried out by adding PVYN monoclonal antibody 
conjugated PVY-N IgG (Bioreba 112712) to alkaline 
phosphatase at a dilution of 1 : 1,000, in sample con-
jugate buffer as the detecting antibody. This antibody 
combination was to ensure that PVYNTN was detected 
and excluded PVYO and PVYN Wilge. One hundred 
microliters were dispensed in duplicate wells of the 
microtitre plates. All plates were incubated for 3 to 4 h 
at 37°C. The positive or negative reactions of the sam-
ples were determined by adding 100 µl of 4-nitrophe-
nyl phosphate disodium salt hexahydrate (1 mg · ml−1, 
pH 9.8) in 10% diethanolamine buffer (substrate so-
lution). After 1 hour of incubation in substrate so-
lution at room temperature, readings were taken at 
405 nm using a Flow Titertek Multiskan Plus ELISA 
plate reader (Labsystems, Finland). 

Family/species Plant material used Month of collection Voucher specimen number

Apocynaceae
Nerium oleander
Strophanthus speciosus

leaves
leaves, fruits

December/January
December/January

117912
117913

Asclepiadaceae
Gomphocarpus fruticosus leaves December/January 117914

Crassulaceae
Cotyledon orbiculata leaves December/January 117911

Hyacinthaceae
Bowiea volubilis
Merwilla plumbea

bulbs (dry and fresh)
bulbs (dry and fresh)

March
March

117910
117909

Table 1. Information about plant species selected for the study



Journal of Plant Protection Research 58 (4), 2018398

Statistical analysis

All information and data were analysed using sta-
tistical software GenStat 64-bit Release 14.1 (PC/
Windows 7) Copyright 2011, VSN International Ltd 
(p < 0.05) (Payne et al. 2007). Data processing system 
and XLstat (Ad-ons on Microsoft Excel 2010) were 
used for the trial-plan. Statistical analysis was per-
formed by the biometry unit of the Agricultural Re-
search Council, Roodeplaat, South Africa.

Results 

Phytotoxicity test

Leaf damage was observed with M. plumbea, B. volu-
bilis and N. oleander at 50 mg · ml−1 when inspection 
was conducted 2 h after smearing the leaves with plant 
extracts. The damaged areas noted during the first 
observation had not spread further when the second 
observations were conducted after 7 days and can be 
ascribed to mechanical damage during smearing of the 
leaves as there was no increase in damage on the plants 
when the plants were inspected 7 days after treatment 
with plant extracts. The solvent control (5% DMSO) 
did not show any toxicity to the plant. However, 
a high dose of 10% DMSO showed slight damage on the 
N. tabacum leaves. Nicotiana tabacum plants treated 
with distilled H2O as the control were not affected and 
showed no sign of damage.

In vivo: Effect of extracts on the infectivity 
of PVYNTN

After a month, symptoms such as leaf mottling, mo-
saic lesions and necrosis were observed in some plants, 
especially the positive control plants, indicating that 
there was no protection. The infection score for the 
positive control plants ranged from moderate to severe 
and very severe symptoms with values ranging from 
47−67 and the negative controls at 0. Statistical analy-
sis showed that there was a significant decrease in the 
infection by PVYNTN with the application of some ex-
tracts in comparison to the plants infected with the vi-
rus and not treated with extracts (positive control) (Ta-
ble 2). The downward trend observed with N. tabacum 
plants treated with extracts 1 day before infection with 
PVYNTN virus illustrated that with an increase in con-
centration of extracts from 20 mg · ml−1 to 50 mg · ml−1, 
the infection by PVYNTN was generally decreased. High 
concentrations of extracts were more effective in reduc-
ing PVYNTN infection in N. tabacum plants. Tobacco 
plants that served as the positive controls, treated with 
PVYNTN, with no application of plant extracts, demon-
strated a higher infection than plants which were treated 
with PVYNTN and the extracts (Table 2). 

Although the plant extracts could not prevent 
infection, four out of the nine tested plant extracts 
[N. oleander, B. volubilis (fresh bulb), C. orbiculata (all 
at 50 mg · ml−1) and S. speciosus leaves (20 mg · ml−1)] 
were successful in significantly reducing infection by 
PVYNTN in vivo (Fig. 1).  

Fig. 1. Statistical significant treatments obtained in the in vivo experiment. N = Nerium oleander, Bf = Bowiea 
volubilis (fresh bulb), C = Crassula orbiculata and Sl = Strophanthus speciosus (leaves); NC = negative control, 
PC = positive control, H = 50 mg · ml−1, L = 20 mg · ml−1
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In vitro: Effect of extracts on systemic PVYNTN 
infection

Table 3 shows the results of the DAS-ELISA test con-
ducted with all the plants that were tested in vitro to 
confirm the effect of the tested plant extracts against 
PVYNTN. Plants treated with the extract at both low 
and high concentrations, in general reduced the in-
fection of the virus, although not always significantly. 
Moreover, disease symptoms on the virus treated 
positive controls were more severe, whereas there was 
no infection in the negative control. Although plant 
extracts were not able to prevent PVYNTN infection 
completely, the DAS-ELISA OD values of the virus 
infected plants, treated with the plant extracts was 

generally lower than with the virus infected plants 
without the plant extract treatment (positive con-
trols), indicating that tested plant extracts were able 
to reduce virus concentration.  

In general, the high concentration of plant ex-
tracts reduced the plant infection by PVYNTN. This was 
shown with the decrease in DAS-ELISA OD resulting 
in a reading closer to the positive controls (Table 3). 
Moreover, the positive control demonstrated the 
DAS-ELISA OD values of more than 0.16 indicating 
a higher infection of PVYNTN in N. tabacum plants. 
The results indicate that only S. speciosus extracts 
(leaves, 20 mg · ml−1; fruits, 50 mg · ml−1) were able 
to reduce the infection of tobacco plants by PVYNTN 
virus significantly (Fig. 2).

Table 2. In vivo tests showing the severity of infection by PVYNTN of tobacco plants treated with a low (20 mg · ml−1) and 
high concentration (50 mg · ml−1) of plant extracts. Values not followed by the same letter are significantly different. 
[Bd: B. volubilis (dry bulb); Bf: B. volubilis (fresh bulb); C: C. orbiculata; G: G. fruticosus; Md: M. plumbea (dry bulb); Mf: 
M. plumbea (fresh bulb); N: N. oleander; Sf: S. speciosus (fruits); Sl: S. speciosus (leaves); PC: positive control; NC: negative control;  
H: 50 mg · ml−1; L: 20 mg · ml−1]

Treatment Infection  
scale score Description LSD0.05  = 23.89 Treatment Infection  

scale score Description LSD0.05  = 23.89

Sl PC (L) 67 severe to very severe a Sf (L) 27 mild defg

Md PC (H) 60 severe to very severe ab Md PC (L) 27 mild defg

Bd PC (L) 60 severe to very severe ab Mf (H) 23 mild defgh

Bd (L) 47 moderate abcd Bf (H) 20 mild efgh

Bf (L) 47 moderate abcd C (H) 20 mild efgh

Bd PC (H) 47 moderate abcd G (H) 17 no symptoms efgh

Bf PC (H) 47 moderate abcd N (H) 17 no symptoms efgh

C PC (H) 47 moderate abcd C (L) 17 no symptoms efgh

Mf PC (H) 47 moderate abcd Md (H) 7 no symptoms fgh

N PC (H) 47 moderate abcd Md NC (H) 3 no symptoms gh

Sf PC (H) 47 moderate abcd Sl NC (H) 2 no symptoms h

Sl PC (H) 47 moderate abcd Bd NC (H) 0 no symptoms h

G PC (L) 47 moderate abcd Bf NC (H) 0 no symptoms h

Mf PC (L) 47 moderate abcd C NC (H) 0 no symptoms h

N PC (L) 47 moderate abcd G NC (H) 0 no symptoms h

Sf PC (L) 47 moderate abcd Mf NC (H) 0 no symptoms h

SI (H) 40 moderate bcde N NC (H) 0 no symptoms h

Mf (L) 40 moderate bcde Sf NC (H) 0 no symptoms h

SI (L) 40 moderate bcde Bd NC (L) 0 no symptoms h

G PC (H) 40 moderate bcde Bf NC (L) 0 no symptoms h

Bf PC (L) 40 moderate bcde C NC (L) 0 no symptoms h

C PC (L) 40 moderate bcde G NC (L) 0 no symptoms h

Md (L) 35 mild cde Md NC (L) 0 no symptoms h

N (L) 33 mild cde Mf NC (L) 0 no symptoms h

G (L) 33 mild cde N NC (L) 0 no symptoms h

Sf (H) 33 mild cde Sf NC (L) 0 no symptoms h

Bd (H) 30 mild cdef Sl NC (L) 0 no symptoms h
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Discussion  

Numerous crude extracts from plants have been 
screened to determine their antiviral activity against 
plant viruses and bioassay guided fractionation of 
some crude extracts showing inhibitory effect has been 
extensively studied, which has led to the isolation of 
many active constituents (Shen et al. 2008).  The ef-
fect of plant extracts on various human viruses such 
as HIV, HSV and the influenza virus are well known 
(Husson et al. 1991; Lee-huang et al. 2003; Schnitzler 
et al. 2008; Prinsloo et al. 2010; Dunning et al. 2014; 
Medini et al. 2014; Prinsloo et al. 2018). Additionally, 
reports of plant extracts of Tanacetum vulgare and Hy-
pericum perforatum against plant viruses, specifically 
Potato virus Y show potential for the development 
of natural based pesticides to control plant viruses 
(Petrov et al. 2015; Petrov et al. 2016a). Compounds 
such as sukomycin have also shown positive results 
in reducing symptoms of Potato virus Y and Tomato 
mosaic virus in tobacco, although there is currently no 
effective antiviral drug against plant viruses in tobacco 
(Petrov et al. 2016b).         

Investigating plant extracts for the control of plant 
viruses, therefore holds great promise. In this study 
cardiac glycoside containing plants were selected since 
cardiac glycosides have shown activity against a vari-
ety of viruses. The results of this study also supported 
previous findings that plant extracts can be effective in 
reducing virus infection and symptom development 
in virus infection. The plant extracts did not have any 

negative effects or cause any systemic damage to the 
tobacco plants, and it was shown that the plants can 
reduce infection symptoms and systemic infection.   

In both the in vivo and in vitro experiments, in-
creased concentrations of plant extracts resulted in de-
creased development of PVYNTN related symptoms on 
tobacco plants. The results also indicate that the tested 
plant extracts were more active in controlling the local 
infection (in vivo) and the symptoms than controlling 
the systemic infection (in vitro). A similar assumption 
was reached by Othman and Shoman (2004), who in-
dicated that the antiphytoviral activity of Plectranthus 
tenuiflorus (Vatke) Agnew on some important viruses 
such as Tobacco necrosis virus (TNV), Tomato spotted 
wilt virus (TSWV) and TMV was more active in sup-
pressing symptom development than systemic infec-
tion. According to Othman and Shoman (2004) this 
can be attributed to several possibilities; such as, faster 
virus replication than inducing resistance in treated 
plants, or perhaps having more effect on the virus 
movement than virus multiplication thereby delaying 
the start of systemic symptoms. 

Comparing both the in vivo and in vitro experi-
ment results, with increased concentrations of ex-
tracts, the symptoms of PVYNTN virus on the tobacco 
plant decreased. In the in vivo experiment, plant 
extracts, including N. oleander, C. orbiculata and 
B. volubilis (fresh bulb) showed significant inhibition 
of PVYNTN at 50 mg · ml−1 and S. speciosus leaves at 
20 mg · ml−1. These extracts were able to limit the le-
sion development with no, or only mild symptoms 
(infection scale of 17, 20, 20 and 40) as compared 

Fig. 2. Statistical significant treatments obtained in the in vitro experiment. Sl = Strophanthus 
speciosus (leaves) and Sf = S. speciosus (fruits); NC = negative control, PC = positive control, H = 50 mg · ml−1, 
L = 20 mg · ml−1
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to the positive control treatments with moderate to 
severe and very severe symptoms (infection scale val-
ues 47 and 67) (Fig. 1). Jing et al. (2012) examined the 
antiviral potential of 126 Chinese plants, including 
C. orbiculata. Similar to the results of this study, C. or-
biculata strongly inhibited infection and viral replica-
tion. In the in vitro ELISA tests, S. speciosus was the 
most effective plant extract to inhibit the infection of 
PVYNTN at both concentrations tested, although with 
different extracts of the plant. Even though the DAS- 
–ELISA OD values were in the low range, statistically 
significant values could still be obtained, indicating 
that there was indeed a significant decrease in the 
systemic infection, even at a low infection rate. The 
ethanolic extracts of S. speciosus (leaves) at the lower 
concentration (20 mg · ml−1) significantly reduced the 
expression of PVYNTN symptoms on tobacco plants in 
vitro, as well as the fruit extract at 50 mg · ml−1 (Fig. 2) 

without affecting the normal growth and development 
of the plant. Therefore, this also supports the findings 
of the in vivo experiment with S. speciosus showing ac-
tivity in both experiments. 

Even though the study confirmed and supports 
the development of natural based antiviral treatments, 
a higher concentration of extracts would probably 
yield even better results and could be tested in further 
studies, as well as spraying at intervals and in combi-
nation, especially after infection. It is suggested that 
the increased concentration of the tested plant extracts 
and the application of plant extracts before and after 
inoculation when conducting in vivo experiments 
may be more successful in controlling the virus. This 
should be investigated further. Subsequently, the suc-
cess in the use of plant extracts as antiphytoviral agents 
needs to be confirmed in field trials where natural in-
fections occur.

Table 3. DAS-ELISA OD values of PVYNTN infection after plant extract treatment. Values not followed by the same letter are 
significantly different. [Bd: B. volubilis (dry bulb); Bf: B. volubilis (fresh bulb); C: C. orbiculata; G: G. fruticosus; Md: M. plumbea (dry bulb); 
Mf: M. plumbea (fresh bulb); N: N. oleander; Sf: S. speciosus (fruits); Sl: S. speciosus (leaves); PC: positive control; NC: negative control; 
H: 50 mg · ml−1; L: 20 mg · ml−1]

Treatment
DAS ELISA OD  

value
LSD 0.05 = 0.085 Treatment DAS ELISA OD value LSD 0.05 = 0.085

Sl PC (L) 0.252 a C (H) 0.130 d-r

Bd PC (L) 0.242 ab Bf (L) 0.128 d-r

Mf (L) 0.213 abcd Sf (L) 0.127 e-r

Sf PC (H) 0.207 a-e Mf (H) 0.125 e-r

Mf PC (H) 0.198 a-f Bd (H) 0.117 h-r

Bd (L) 0.193 a-f Sf (H) 0.115 h-r

N PC (L) 0.188 a-g N PC (H) 0.115 h-r

Mf PC (L) 0.177 a-h N (L) 0.103 g-r

C (L) 0.172 a-j Md (H) 0.093 h-r

Sf PC (L) 0.170 a-j Md NC (H) 0.030 r

C PC (H) 0.168 a-j Sl NC (L) 0.030 r

Md PC (H) 0.168 a-j C NC (H) 0.028 r

C PC (L) 0.163 b-k Sf NC (H) 0.027 r

Bd PC (H) 0.160 b-l N NC (L) 0.027 r

Bf PC (H) 0.157 b-m Sl NC (H) 0.027 r

Bf PC (L) 0.155 c-h C NC (L) 0.027 r

G PC (H) 0.155 c-h Sf NC (L) 0.027 r

G PC (L) 0.150 c-q Bd NC (L) 0.025 r

Sl (L) 0.148 c-q Bf NC (H) 0.023 r

G (L) 0.147 c-q Md NC (L) 0.023 r

Md PC (L) 0.147 c-q Bd NC (H) 0.025 r

Md (L) 0.142 d-r G NC (H) 0.023 r

Sl (H) 0.135 d-r Mf NC (H) 0.023 r

G (H) 0.135 d-r G NC (L) 0.020 r

Sl PC (H) 0.133 d-r Bf NC (L) 0.017 r

N (H) 0.130 d-r Mf NC (L) 0.017 r

Bf (H) 0.130 d-r N NC (H) 0.020 r
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Conclusions 

The aim of this pilot study was to determine the 
effect of plant extracts containing cardiac glycosides 
on PVYNTN as a new approach to antiphytoviral treat-
ment. The need for development of more plant based 
antiviral treatments for plant viruses motivated the 
investigation of plant extracts containing antiviral 
compounds, such as cardiac glycosides, to control 
the plant virus PVYNTN since the virus results in con-
siderable economic losses of potato, tobacco, tomato 
and pepper. Of the six plants evaluated in this study, 
ethanolic extracts of N. oleander, C. orbiculata and 
B. volubilis (fresh bulb) showed significant inhibition of 
PVYNTN in vivo at 50 mg · ml−1 and S. speciosus leaves at 
20 mg · ml−1. Strophantus speciosus was the most 
promising plant with significant inhibition in both the 
in vivo and the in vitro assays with the leaf extract at 
20 mg · ml−1 and the fruit extract at 50 mg · ml−1, with 
the potential of being used as an antiphytoviral treat-
ment. The difference in active plant extracts in the two 
experiments might also indicate different modes of ac-
tion since having a better inhibitory effect on the virus 
movement than virus multiplication would result in 
a delay in systemic symptoms. The plants showing bet-
ter results in symptom development might be more 
active in reducing viral load and therefore lower infec-
tion was achieved in vivo. This study thus also shows 
that combining plants with different modes of action, 
might also be an alternative approach to developing 
natural plant based antiviral treatments.  Since there 
are very few remedies available to treat viral infections 
in plants, this could be an indication of a very promis-
ing field of study in the future.  
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