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ABSTRACT 

 
Epidemiological study of 4 consecutive years in 14 
sites in Algeria over several stone fruit species 
showed the presence of different typical 
symptoms of Sharka from simple chlorotic rings to 
considerable decline and premature fruit drop, 
and several species of aphid vectors of PPV : 
Brachycaudus helichrysi, Myzus persicae, Aphis 
citricola, Myzus varians, Hyalopterus pruni, 
Brachycaudus persicae and Brachycaudus cardui 
with infection rates that varied from one site to 
another and from one fruit species to another. The 
important infestation rates were recorded on plum 
(68.72%) and in the site Meftah (100%). M. varians 
presented the most abundant species (100%). A 
new species that are not classified vector of PPV 
and not subservient to stone fruit species was 
discovered in a remarkable infestation rate 
(64.89%) and gave fascinating infection rate on the 
biological test: 78.33% for the pea and 100% for 
tobacco. This species is  A. pomi. The biological 
test showed the presence of symptoms resembling 
those of Sharka on the pea and tobacco with 
infection rates of 79.16% and 69.37%, respectively. 
The results of the DAS-ELISA revealed the 
existence of Sharka with a high incidence (75.6%). 
The most significant incidence was noticed on 
peach (81%). The most infected sites were those of 
Kolea, Sidi Moussa and Medea to equivalent 
effects (100%). The pea and tobacco given an 
incidence of 100% each.  
 
INTRODUCTION 
  
Sharka or Plum Pox is considered the most 
agronomically and economically devastating viral 
disease of fruit trees core. Incurable, it affects 
quality of fruits contaminated trees up to make it 
unfit for consumption (Anonymous, 2011a). It is 

estimated that the costs of principled struggle 
against Sharka in the world since the 70 years are  
 
 
 
 
 
over 10 billion EUR (Cambra et al., 2006). It was 
identified for the first time in Bulgaria in 1917-
1918 on plum and described as viral disease in 
1932. Since then, the virus has spread gradually 
throughout much of Europe, on the 
Mediterranean basin and the Middle East. His 
presence has been observed in a restricted area of 
distribution in North America, South America and 
Asia (EPPO, 2006; CAB International, 2011).  
 
Sharka is caused by Plum Pox Virus, a virus of the 
genus Potyvirus and family Potyviridae (Cambra et  
al., 2006). The PPV  has a form of filament winding 
of about 700 nm × 11 nm and consists of an RNA 
molecule of one strand consisting of about 10 000 
nucleotides covered by up to 2 000 subunits of 
single envelope protein (García and Cambra, 
2007). It has only one reading frame coding for 
high polyprotein which are cleaved by 3 proteases 
and by viral RNA subsequently on functional 
proteins (Decroocq, 2009; Anonymous, 2011a). At 
present, seven strains of PPV have been identified 
on the basis of immunological criteria and 
especially molecular criteria (Candresse et al, 
1998): The Markus strain (PPV-M), the Dideron 
strain (PPV-D), the Cherry strain (PPV-C), the El 
Amar strain (PPV-EA), the Winona strain (PPV-W), 
the Recombinant strain (PPV-Rec) and the Turkish 
strain (PPV-T) strain (Candresse and Cambra, 2006; 
James and Glasa, 2006; Ulubas Serce et al., 2009; 
Anonymous, 2011b). They have different 
geographic distributions and prevalence 
(Anonymous, 2011b).  
 
Sharka affects stone fruit species of the genus 
Prunus. It is particularly harmful to the almond (P. 
amygdalus), apricot (P. armeniaca), domestic plum 
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(P. domestica), Japanese plum (P. salicina) and 
peach (P. persica). Also, it infects directly Prunus 
used as commercial varieties or rootstocks: 
Myrobalan (P. cerasifera) Mahaleb cherry (P. 
mahaleb), Japanese apricot (P. mume) and hybrids 
derived from crosses between these species. Also, 
several species of wild and ornamental Prunus. 
Under experimental conditions, the PPV can be 
mechanically transmitted to many species of 
Prunus and several herbs: Rock Cress (Arabidopsis 
thaliana), goosefoot (Chenopodium foetidum), 
tobacco (Nicotiana clevelandii) and pea (Pisum 
sativum) (NIMP, 2011).  
 
PPV symptoms may appear on leaves, shoots, 
bark, petals, fruits and kernels in orchards. They 
are usually visible on the leaves early in the 
growing season and give a slight pale green 
discoloration, spots, stripes or chlorotic rings, 
discoloration or yellowing of veins or leaf 
distortion (Ramel al., 2005).  
 
Sharka symptoms on the leaves can beings 
confused with some mosaics, as well as symptoms 
of Apple chlorotic leaf spot (ACLS) (FREDON, 2012).  

 
Floral symptoms may appear only on the petals (as 
discoloration streaks fuchsia) of some species of 
peach cultivars (FREDON, 2012).  
 
Infected fruit show chlorotic spots or slightly 
pigmented yellow rings or blotches. Fruits may be 
distorted or have irregular appearance and 
develop necrotic or brown discolored areas under 
the discolored rings (FREDON, 2012). Some 
deformation of fruit, especially regarding the 
apricot and plum, are similar to those caused by 
the ACLSV. The infected fruits can be brown inside, 
exuded gum, which reduces their quality. In the 
most severe cases, they fall from the tree 
prematurely. The cores of infected apricot fruit 
have rings or spots with typical discoloration. 
Alcohol and spirits products from diseased fruits 
are not marketable because of their unpleasant 
taste (NIMP, 2012).  
 
On the wood of the year and on twigs discolored 
spots or rings (FREDON, 2012) is observed.  

 
The onset and severity of symptoms depend 
largely on the host plant and climatic conditions 
(NIMP, 2011).  
 
The PPV is transmitted primarily by infected plant 
material that increase the spreads over large 

distances (Savin, 2000; NIMP, 2011), by contact 
(Celetti, 2001) and especially by aphids in a non-
persistent manner (Candresse and Cambre, 2006; 
NIMP, 2011) and without latency period. This 
makes Sharka very epidemic and its control very 
difficult (DRAAF, 2012). Aphids can infect orchards 
within a few kilometers from infected tree. These 
aphids vectors are from the order Homoptera and 
family Aphididae (Hulle et al., 1998). There are 
about 20 species capable of transmitting PPV 
(Ramel et al., 2005). Potential vectors are: the 
green plum aphid Brachycaudus helichrysi 
(Kaltenbach), the green peach aphid Myzus 
persicae (Sulzu) (Schaub et al., 2004.), the Hop 
aphid Phorodon humili (Schrank), the green citrus 
aphid Aphis spiraecola, the glossy black aphid 
Aphis craccivora, the black bean aphid Aphis fabae, 
the black cherry aphid Myzus cerasi (F) and 
secondary vectors: the cigar maker peach aphid 
Myzus varians (Davidson), the black peach aphid 
Brachycaudus persicae (Passerini), the mealy plum 
aphid Hyalopterus pruni (Geoffroy) and aphid 
thistle or artichoke Brachycaudus cardui (L) (Ramel 
et al., 2005). 
 
Because Sharka is an incurable disease, so the fight 
is mainly based on the early detection, uprooting 
and decay of infected trees (DRAAF, 2012).  
 
The objective of this work is to identify the Sharka 
on stone fruit trees in some regions in Algeria by 
identifying the typical symptoms of this viral 
disease and aphid vectors of PPV. And to 
characterize biologically the disease by testing 
non-persistent transmission on pea and tobacco 
plants and serologically by DAS-ELISA. 
 
MATERIALS AND METHODS 
 
Experiment conduct location  
  
Our experiment was spread over four consecutive 
years. It was conducted in Plant Biotechnology 
laboratory and greenhouse and in Virology 
Laboratory of Department of Agronomy, Dahleb 
Saad University of Blida and the zoology laboratory 
of the National Institute of Agronomy (INA).  
 
Source of virus  
 
The plant material comprised of healthy leaves 
and leaves with typical symptoms of Sharka and 
animal material presented by aphid vectors of PPV 
were collected during the surveys carried out on 
the different stone fruit trees including apricot, 
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peach, plum, almond and cherry and in all sites 
surveyed.  
METHODS OF STUDY 
Surveys and sampling  
 
prospected sites 
 
Prospecting is the first step in the detection and 
identification of a disease. To detect the presence 
of Sharka, regular surveys during all vegetative 
stages of the crop and for four consecutive years 
were brought from different species of stone fruit 
trees in several fruit tree cultivation stations 
namely: Chebli (apricot and peach), Bouinane 
(apricot, peach and plum), Guerouaou (apricot, 
plum and almond), Soumaa (apricot, peach and 
plum), Meftah (almond), Bougara (apricot and 
peach), Boufarik (apricot, peach and plum), Sidi 
Moussa (peach),  Attatba (apricot, peach and 
plum), Kolea (peach), Medea (almond), Tizi Ouzzou 
(cherry), Setif (apricot, peach and plum) and the 
experimental station of the Department of 
Agronomy Blida (apricot, peach and plum). 

  
Sampling  

 
Sampling was carried out based on the presence of 
typical symptoms of Sharka and aphid vectors of 
PPV. Samples were taken at different places and 
this is essential because of the uneven distribution 
of PPV. Healthy leaves and leaves showing typical 
symptoms of Sharka were taken and placed in 
labeled plastic bags. In the labeled were 
mentioned: the date of collection, the site name, 
the name of the variety and fruit species and the 
number of the tree on which the samples were 
taken. Also, wingless aphid vectors of PPV were 
selected, some of which was put into test tubes 
containing diluted ethanol (70%) to identification 
tests and a second part with a few leaves collected 
and placed in boxes to be used directly for testing 
of biological transmission. Tubes and boxes were 
labeled. On the label, the name of the host plant 
and the number of the tree on which the samples 
were selected, the name of the site and date of 
collection were marked.  

 
Conservation of virus  

 
The samples taken from ground leaves were 
placed in freezer bags and stored at a temperature 
of -4 ° C to prevent spoilage and drying up and use 
it for a period not exceeding 10 days before the 
serology. 
 

Trapping of aphids 
 To trap aphids, 20 yellow water traps were 
installed in each orchard according to M method. 
Each trap contains 500 ml of water plus a pinch of 
detergent, everything was moved. The contents of 
the traps were collected every 24 hours using a 
pad that serves as a filter letting the water while 
capturing the contents of the traps. Aphids and 
other insects were collected using a small brush 
into vials filled with fluid conservation (alcohol at 
70% and distilled water) to prevent tampering. The 
vials were then kept cold until used.  

 
Identification of aphids  

 
To separate the aphids from other insects, a first 
selection was made with the naked eye or under a 
dissecting microscope. The identification of aphids 
was made at the Department of Zoology of the INA 
by the following method of installation:  
- After biting aphids with an entomological pin on 
the abdominal surface between the 4th and 6th 
abdominal sternum, they were immersed in a 
solution of potassium hydroxide 10% hot for 3 to 4 
minutes or cold for 24 to 48 hours.  
 
Aphids were put back into a solution of chloral 
phenol for 3 to 4 minutes at hot or for 2 to 3 days 
at cold to extract all the fatty reserves they 
contain. 
 
Aphids were mounted in a slide containing 
mounting medium and using a pin they were put 
on the ventral surface and observed under a 
binocular microscope with antennas pointing 
forward, pen mouth, cauda and cornicles back and 
wings spread laterally on the sides. The 
identification was carried out using an 
identification key proposed by Hull et al. (1998).  

 
Biologic test   
Host Range  
 
The host range was chosen based on its specific 
reaction to the desired virus (PPV) and it is 
consisted of pea (Pisum sativum) and tobacco 
(Nicotiana tabacum). 

  
Sowing of host plants  
 
Pea seeds were soaked in a solution of bleach (25 
ml at 32 °) and distilled water (225 ml) for 20 
minutes, then rinsed with distilled water. The seed 
has been pre-germinated 3 to 4 days in an oven     
(25 ° C). Thereafter they were deposited at a rate 
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of 3 grains per cell in a mixture of 1/3 peat and 2/3 
soil previously sterilized by autoclaving at 120 ° C 
for 20 minutes. 
 
The tobacco seeds were mixed with sand, then 
they undergo a pre-germination at a temperature 
of 20-25 ° C for one month. After germination, the 
seedlings were transplanted into small pots of 2 to 
3 plants per pot. Pea and tobacco seedlings were 
maintained in a greenhouse protected against 
insects at a temperature of 25-30 ° C. Irrigation 
was carried out according to the requirement of 
seedlings.  
 
Biological inoculation 
 
Wingless adult aphids collected on fruit species 
from the sites prospected and suspected 
viruliferous by PPV were deposited at rate of 5 to 6 
individuals with a brush moistened for a period of 
inoculation on the upper surface of leaves of 
seedlings pea and tobacco at the 2 to 3 leaf stage. 
Since the mode of transmission of PPV is a non-
persistent mode, one minute after inoculation 
aphids were removed manually. Seedlings were 
subsequently processed by an aphicide (Pirimor 
0.75 g l-1) and maintained in greenhouses until the 
onset of symptoms.  
 
The number of tobacco seedlings used for each 
aphid species was 20 by repeating three, plus a 
healthy control, and the same for the pea. The 
total number of inoculated plants was 480 for pea 
and 480 for tobacco.  
 
Serogical test ELISA  
 
It is true that the visual exploration is the most 
important step for the detection and identification 
of a disease. Nevertheless, it is alone insufficient 
and imprecise and does not make a reliable 
identification, hence the need to use other more 
powerful techniques such as serologic method 
Enzyme Linked Immuno Sorbent Assay (ELISA). 
This simple and inexpensive method is sensitive 
and reliable, allowing the detection of minor 
amounts of viral antigen in the current samples. 
For this, it remains the most common approach. In 
our study we used the Double Antibody Sandwish-
ELISA (DAS-ELISA).  

 
DAS-ELISA 

 
All leaf samples taken from surveyed fruit trees 
and those of pea and tobacco were serologically 

tested by DAS-ELISA. This technique is based on 
the highly specific recognition between antigen-
antibody. Viruses present in the plant extract to be 
tested are selected with antibodies previously 
immobilized in the wells of the microtiter plate 
polystyrene. The virus is then contacted with an 
antibody preparation coupled to the enzyme 
alkaline phosphatase. Serological reaction is 
demonstrated by the addition of the enzyme 
substrate Paranitrophenilphosphate (PNPP) which 
leads to a colored reaction which the intensity is 
proportional to the quantity of antigen attached. 
Reading optical density (OD) is performed using a 
spectrophotometer at a wavelength of 405 nm. 
The tested samples were considered positive when 
the OD value is three times higher than that of 
healthy controls. Healthy controls used are pea 
(Pisum sativum) and tobacco (Nicotiana tabacum) 
plants.  
 
RESULTS AND DISCUSSIONS 
  
Epidemiological study of Sharka 
  
Surveys made during four consecutive years have 
revealed the presence of typical symptoms of 
Sharka and aphid vectors of PPV available on any 
stone fruit trees including: peach, apricot, plum, 
almond and cherry and that in all 14 sites 
inspected: Chebli, Bouinane, Guerouaou, Soumaa, 
Meftah, Bougara, Boufarik, Sidi Moussa, Attatba, 
Kolea, Medea, Tizi Ouzzou, Setif and the 
experimental station of the agronomy department 
Blida.  
 
Field symptomatic analysis  
 
All fruit trees surveyed showed almost the same 
symptoms were manifested on:   
- The leaves (Fig. 1) by: winding with distortions, 
beaches and chlorotic rings followed by necrosis, 
chlorotic bands along secondary veins, shrink and / 
or deformation of the limb. 
- The fruit (Fig. 2) by: chlorotic or necrotic rings, 
remarkable presence of gum, deformation with 
small arms, internal browning of the flesh 
impregnated gum and very bad taste, discoloration 
arabesque only on peach and yellowish rings very 
characteristic on apricot kernel only. 
- The flowers (Fig. 3) by: discoloration of the petals 
with streaks only on peach blossoms. A partial 
decay (Fig. 4) and dwarfism apricot, a total decline 
(Fig. 5) and dwarfing peach were noted in the 
experimental station of the Department of 
Agronomy of Blida, Chebli and Kolea, respectively. 
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In the latter, a significant premature fruit drop of 
peach was noted.  
 
 
 
Distribution of aphid vectors of PPV 
Surveys and sampling aphids, also the capture and 
editing done during our study with the help of a 
key determination revealed the presence of seven 
species aphid vector of PPV, including three 
potential vectors: Brachycaudus helichrysi (B. 
helichrysi), Myzus persicae (M. percicae) and Aphis 
citricola (A. citricola) and 4 secondary vector: 
Myzus varians (M. varians), Hyalopterus pruni (H. 
pruni), Brachycaudus persicae (B. persisae) and 
Brachycaudus cardui (B. cardui), subservient to 
stone fruit trees. A new species that do not 
colonize the stone fruit trees and has been 
classified as non-carrier of the PPV was discovered, 
it is Aphis pomi (A. pomi).  
 
The fruit species most infested by aphid vectors of 
PPV was plum with an infestation rate of 68.72%. 
The slightly infested species was the cherry (25%). 
The other fruit species namely: peach, almond and 
apricot presented infestation rate of 64.44%, 67% 
and 42.35%, respectively (Fig. 6).  
 
The most abundant species of PPV aphid vector 
was M. varians (100%). The less present was B. 
cardui (15%). The new species not subservient to 
stone fruit trees A. pomi recorded a remarkable 
rate of infestation of 64.89% (Fig. 7). 
  
The infestation rate by different aphid vectors of 
PPV was different from one site to another, it went 
from 25% (Tizi Ouzzou) to 100% (Meftah) (Fig. 8).  

 
Discussions 
  
Epidemiological study for 4 consecutive years on 
several stone fruit species in different sites 
allowed us to detect the presence of Sharka all 
based on the presence of various typical 
symptoms of this disease according to high 
abundance of many species of aphid vectors of 
PPV.  
The symptoms are variable from one fruit species 
to another according to their sensitivity to aphid 
vectors and then the PPV. Similarly, they were 
different from one site to another. This may be 
due to the influence of climate (NIMP, 2011), the 
variety, the work maintenance and the age of the 
fruit species. Some partial dieback and premature 
fruit drop were observed on apricot and peach. 

This can be explained by a severe attack by Sharka.  
 
We can not exclude in this study the probability of 
the presence of other viruses subservient fruit 
trees such as plum necrotic ring spot virus 
(PNRSV), Prune dwarf virus (PDV) that had the 
most widespread viruses in addition PPV in the 
sites visited and gave similar symptoms to those of 
Sharka. Also, and especially the ACLSV (FREDON, 
2011) which are called the false Sharka.  
 
Infestation rates by the aphid vectors of PPV were 
different from each fruit species to another and 
from one site to another. This difference can be 
explained by climatic conditions, aphicides 
treatments, as well as the preference of aphids; 
Migrant aphids flying over Prunus orchards are 
attracted by the green foliage. They are not able to 
distinguish between host plants and non-host 
plants using visual cues. When aphid lands on a 
plant, it will make a short stop and practices a 
puncture to determine if the plant has a pleasant 
taste or not, if the plant does not taste good, it will 
not be a good host and aphid will go (McFadden, 
2010).  

 
BIO DETECTION 

  
Results of the non-persistent transmission  
 
After 15 days of inoculation with different species 
of aphid vectors of PPV, the majority of pea and 
tobacco seedlings (Table 1) were externalized like 
symptoms of Sharka (chlorotic and / or necrotic 
local lesions, yellowing, windings and leaf 
distortion, stunting and wasting) except controls 
plant (uninoculated) which showed nothing                 
(Fig. 9). 

  
The infection rate was 79.16% for pea and 69.37% 
for tobacco (Fig. 10). A. pomi gave fascinating 
infection rate: 78.33% for pea and 100% for 
tobacco (Fig. 11).  

 
Discussions 
  
Most seedlings of pea and tobacco inoculated with 
different species of aphid vectors of PPV have 
externalized like symptoms of Sharka. These 
results verify that the aphids collected from 
apricot, peach, almond, plum and cherry were 
viruliferous and well transmitted PPV in a non-
persistent mode. These symptoms were different 
from those observed by Boussalem in 1995 on the 
same species (pea) and under the same conditions. 



 

 

 

________________________________________________________________________________________________________________

Page 84                                                                                             Journal of Remote Sensing and GIS, Vol. 1, Issue 2, 2013,ISSN:2052-5583 
 

 

Therefore, we can assume the existence of 
another new strain of PPV or also a local Algerian 
strain. A. pomi is not subservient to stone fruit 
trees and not PPV carrier species. Despite this, she 
was present during our study at remarkable 
infestation rate and she was transmitted the PPV 
with significant efficiencies to pea and tobacco 
seedlings. This allowed to retain as a potential 
carrier of PPV in Algeria.  
 
SERO DETECTION 
 
Incidence of Sharka on samples of surveyed 
websites  
 
The results of the DAS-ELISA were found to be 
positive on all fruit species and sites surveyed with 
a total incidence of 75.6%. The most important 
incidence of Sharka was noticed on peach (81%) 
while the lowest was observed in apricot (69%). 
The almond and cherry showed the same 
incidence (75%). The incidence of Sharka of plum 
was (78%) (Fig. 12).  

 
The most infected sites were those of Kolea, Sidi 
Moussa and Medea with an incidence of 100% for 
each site, followed by those of Setif, Bougara 
Soumaa, Boufarik, Meftah, Tizi Ouzzou, Blida, 
Attatba, Chebbli, Bouinane and Guerouaou with 
incidences of 91.66%, 87.5%, 83.33%, 83.33%, 
75%, 75%, 73.16%, 70%, 60%, 60% and 58.33 %, 
respectively (Fig. 13). 
 
Incidence of Sharka on pea and tobacco plants 
 
The incidence of Sharka in pea and tobacco 
inoculated seedlings by aphid vectors of PPV and 
which have all externalized symptoms was 100%. 
Control pea and tobacco plants reacted negatively 
to serological test (Fig. 14).  

 
Discussions  

 
Our serological test was well done. This is justified 
by the positive response of the infected control 
and the negative reaction of the healthy control. 
Positive DAS-ELISA reactions confirm the presence 
of Sharka in all sites visited. The concentration and 
PPV content were different from one site to 
another and from one fruit species to another. This 
is in direct relation with the type of cultivar, the 
genetic ability of the host to replicate the virus, 
the presence of aphid vectors and climatic 
conditions. For some fruit species, despite the 
presence of aphid vectors of PPV and symptoms of 

Sharka type, disease incidence was low. We can 
explain it either because aphids were not 
viruliferous or these species were resistant and the 
PPV was unable to replicate in the past. The site of 
Kolea presented an incidence of 100% which 
means that Sharka is strongly present in this site 
and this is justified by the early fruit drop.  

 
Seedlings inoculated by aphid vectors of PPV 
reacted positively to serological testing. This 
confirms that the transmission and spread of 
Sharka in the surveyed sites is essentially 
performed by Brachycaudus helichrysi, Myzus 
persicae, Aphis citricola, Myzus varians, 
Hyalopterus pruni, Brachycaudus persica, 
Brachycaudus cardui and A. pomi and that all these 
aphids were viruliferous.  
 
Through this work we can say that the severity of 
this disease is increasing year by year. For this 
almost total infection in the coming years and the 
permanent loss of the orchard is not excluded.  
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