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Guest Editorial 
 

 

The DG / Plant Health and Control of Agricultural 

Inputs, celebrates the 

International Year of Plant Health (IYPH) 2020 
 

 

 

“In December 2018, the United 

Nations (UN) General Assembly declared 

2020 as the International Year of Plant 

Health (IYPH). The year is a once-in-a-

lifetime opportunity to raise global 

awareness on how protecting plant health 

can help end hunger, reduce poverty, 

protect the environment, and boost 

economic development.”  Communication 

Guide (FAO/IPCC). 

 

Key messages of IYPH 2020 
1. It is risky to bring plants and 

plant products across borders as this 

may spread plant pests and diseases. 
Ordinary citizens should avoid bringing 

plants and plant products with them when 

they travel. They should avoid ordering 

plants and plant products online or 

through postal services since packages 
can easily bypass regular phytosanitary 

controls. 

 2. Make trading in plants and 

plant products safe without setting up 

unnecessary barriers. Many countries 

depend on trading plants and plant 

products to sustain their economies. 

Implementing the International Plant 

Protection Convention (IPPC) and 

international standards, as well as 

enforcing existing phytosanitary 

legislation, helps promote trade while 
keeping it safe.  

3. Keep plants healthy to protect 

the environment and biodiversity. Plant 

pests are one of the main drivers of 

biodiversity loss. Climate change and 

human actions have altered ecosystems 

and created new niches where pests can 

thrive. When combating pests, farmers 

should adopt, and policy makers should 

encourage the use of environmentally 

friendly methods that reduce the use of 

toxic pesticides, which kill pollinators, 

natural pest enemies and organisms 

crucial for a healthy environment.  

4. Protect, manage and restore 

terrestrial and marine environments to 

keep plants healthy. Plants can only 

thrive in a healthy environment. Policy 

makers at all levels should therefore 

enact policies to protect, manage and 

eventually restore natural resources.  

5. Invest in plant health 

organizations and phytosanitary 

research and development. Governments, 

policy makers and legislators need to 

prioritize policies and legislation related 

to preventing, monitoring and reporting 
pest outbreaks; promoting 

environmentally friendly pest 

management measures; and facilitating 

safe trade. The public and private sector 

should invest more in plant health 

initiatives, research and innovative 

technologies.  

6. Healthy plants are crucial for 

ending hunger and achieving the 

Sustainable Development Goals. Plants 

make up 80 percent of the food we eat. 
Yet they are under constant attack from 

pests which destroy up to 40 percent of 
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food crops every year and are responsible 

for agricultural trade losses of over USD 

220 billion annually. Policies and actions 

to promote plant health are fundamental 

for reaching the Sustainable Development 

Goals, in particular those aimed at 

reducing poverty, hunger and threats to 

the environment. 

 7. The Food and Agriculture 

Organization of the United Nations 

(FAO) and the IPPC provide guidance 

and lead global efforts to ensure plant 

health. The FAO, the IPPC, and their 

partners are leading the global effort to 

promote plant health in 2020 and beyond.  

 

DG/SVCIA interaction with IYPH 

2020 
  As the General Directorate of 

Plant Protection and Control of 

Agricultural Inputs (DG/SVCIA) is the 

National Plant Protection Organization 

(NAPO) in Tunisia and a member of the 

IPPC, it is concerned by performing the 

activities celebrating this particular year. 

For this aim, a committee has been 

created. During a meeting held in 

December 2019, the program of these 

activities was set up and is presently 

going on. Main activities are: 

1- Organizing, with the collaboration of 
FAO, the launching workshop of the 

IYPH 2020, 

2- Adopting officially the logo of IYPH in 

a stamp, 

3- Editing flyers, posters and brochures 

for a popular extension of Plant Health, 

3- Editing a document on the History of 

Plant Health in Tunisia, 

5- Organizing seminars, workshops, open 

days,…. 

6- Honoring the ancient phytosanitary 
manager of DG/SVCIA.  

 

 

Prof. Mohamed Habib Ben Jamaa & Mr. Adel Jemmazi 

General Directorate of Plant Health and Control of Agricultural Inputs 

Ministry of Agricultural, Water Resources and Fisheries 

Tunisia 
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Temporal Distribution of Three Pepper Viruses and 

Molecular Characterization of Two Cucumber mosaic virus 

Isolates in Tunisia 
 

 

Wafa Khaled-Gasmi, LR/Protection des Végétaux, INRAT, Université de 

Carthage, Rue Hédi Karray, 1004 El Menzah, Ariana, Tunisia ; Dép./Santé Végétale 
et Environnement, INAT, 43 Avenue Charles Nicolle, 1082, Tunis-Mahrajene, 

Tunisia, Rebha Souissi, and Sonia Boukhris-Bouhachem, LR/Protection des 

Végétaux, INRAT, Université de Carthage, Rue Hédi Karray, 1004 El Menzah, 

Ariana, Tunisia                                                                                     (Tunisia) 

__________________________________________________________________________ 

ABSTRACT 

Khaled-Gasmi, W., Souissi, R., and Boukhris-Bouhachem, S. 2020. Temporal 

distribution of three pepper viruses and molecular characterization of two Cucumber 

mosaic virus isolates in Tunisia. Tunisian Journal of Plant Protection 15 (1): 1-17. 

 
Annual open-field pepper (Capsicum annuum) prospections were carried out in Cap Bon region in 
Tunisia from 2016 to 2018 at early, middle and end of the season, to study the disease spread of three 
viruses: Cucumber mosaic virus (CMV), Potato virus Y (PVY) and Alfalfa mosaic virus (AMV). 
Serological analysis revealed no infections at early cropping season. However, since mid-season, viral 

incidences appeared and increased until the end of the season with a predominance of CMV followed 
by PVY and AMV. Furthermore, CMV single infection was the most abundant in mid-season with a 
42% average frequency, while at the end of season (CMV+PVY) mixed infection appeared with an 
average of 38.3% and CMV single infection rate was 33%. PVY occurrence was significantly increased 
once detected with CMV. AMV was detected only with CMV in double and in triple infections with 
PVY. Additionally, border weeds were also investigated in the same period. Solanum nigrum, the most 
abundant weed in the field, was also the most infected by the mentioned viruses. Furthermore, 
molecular analysis of two CMV isolates from pepper and S. nigrum revealed that they belong to the 
subgroup IA. 

 

Keywords: AMV, CMV, molecular characterization, Pepper, PVY, Solanum nigrum 

__________________________________________________________________________ 

 

Pepper (Capsicum annuum) is an 

important crop that yields fruits 

consumed fresh or transformed such as 

spices, food colorings and medicinal 

compounds (Arimboor et al. 2015; 

Barbero  et al.  2008;  Sagar  et al.  2018). 
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Indeed, its annual world production has 

increased in the last 10 years from 17.29 

to 36.09 million tons in 2017 (FAOSTAT 

2019). However, open field pepper crops 

are very susceptible to viral diseases 

which cause severe losses in yield and 

quality (Dagnoko et al., 2013; Kenyon et 

al. 2014; Waweru et al. 2019). 

Particularly, severe yield losses may 

occur when the crop is infected with two 

or more viruses simultaneously and at 
early growth stages (Green and Kim 

1991). Viruses can also be easily 



Tunisian Journal of Plant Protection                     2                                                  Vol. 15, No 1, 2020  
 

disseminated in fields through different 

ways of transmission: mechanically by 

contact between infected and healthy 

plants, by vectors such as insects or 

nematodes, by weeds as reservoirs, or by 

infected seeds (Jacquemond 2012; 
Marchoux et al. 2008).  

Numerous plant viruses are 

reported to infect pepper. In addition, the 

number of these virus species increased 

from 35 to 68 from the 90’s to the 

beginning of the millennium (Kenyon et 

al. 2014). In the Mediterranean basin, 

about 20 virus species affiliated to 15 

various groups of taxa were identified to 

be able to cause damages on pepper crops 

(Moury and Verdin 2012). Among these, 

Cucumber mosaic virus (CMV) 
(Cucumovirus, Bromoviridae), Potato 

virus Y (PVY) (Potyvirus, Potyviridae) 

and Alfalfa mosaic virus (AMV) 

(Alfamovirus, Bromoviridae), are ones of 

the most important and common viruses 

in pepper crops worldwide (Edwardson 

and Christie 1997; Oreshkovikj et al. 

2018). These three viruses are mainly 

transmitted by aphids in a non-persistent 

manner. Aphids transmit PVY and AMV 

from solanaceous weeds and crops often 
in mixture with CMV (Marchoux et al. 

2008; Singh 2019). Besides, mixed 

infections and interactions between these 

viruses can induce accentuated damages 

(Marchoux et al. 2008).  

Symptoms of viral infections can 

be expressed on leaves and fruits mainly 

by mosaic to mottling, ringspots, necrosis, 

leaf discoloration, leaf deformations, 

plant stunting and stem necrosis. 

Nevertheless, viruses cannot be 
recognized by symptoms only, since viral 

symptoms depend on many factors such 

as the virus strain, the cultivar, the host 

genotype, the environment conditions as 

well as viral the interactions (Marchoux et 

al 2008). So, serological detection and 

sometimes molecular characterization are 

needed.  

In Tunisia, pepper is one of the 

most important crops because of its 

significant consumption as fresh 

vegetable or industrially transformed. The 
main production areas are the regions of 

Cap Bon, Kairouan, Sahel and Sidi 

Bouzid. Season pepper is grown in open 

fields, and for the rest of the year in 

greenhouses or tunnels, which ensures a 

continuous supply of fresh pepper in the 

market. The cultivated area of this crop is 

around 20,000 ha occupying the third 

rank in vegetable crop surfaces in Tunisia 

(DGEDA and DGP 2019; GIL 2015). 

Furthermore, the average of the annual 

production from 2016 to 2018 was about 
449,000 tons (DGEDA and DGP 2019). 

Pepper suffers from great losses due to 

viral infections (Gorsane et al. 1999). 

CMV, PVY and AMV were already 

described as a major threat to pepper 

crops in Tunisia with a predominance of 

CMV (Ben Khalifa et al. 2012; Fakhfakh 

et al. 1999; Mnari-Hattab et al. 1999). 

More recent studies confirmed the 

importance of CMV (Ben Tamarzizt et al. 

2013) in Tunisian pepper crops.  
CMV is a tripartite, positive-

sense RNA virus. Its genome contains 

three single-stranded RNA molecules. At 

first, CMV strains were divided into two 

subgroups, I and II, according to 

symptomology, serology, peptide 

mapping of the coat protein (CP) gene 

located on its RNA3 and nucleic acid 

hybridization criteria (Jacquemond 2012). 

Afterwards, evolutionary analysis based 

on nucleotide variation in the CP gene 
and the RNA3 5’ non-translated region, 

the subgroup I was subdivided into two 

distinct subgroups, IA and IB (Roossinck 

2002; Roossinck et al. 1999). The most 

prevalent subgroups are IA and II, 

however IB is rare and mostly limited to 

Asian countries (Revathy & Bhat 2017; 
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Roossinck 2002). The CP gene is 

frequently used to classify CMV isolates 

in these subgroups (Jacquemond 2012). In 

Tunisia, CMV isolates belong to three 

phylogenetic subgroups: IA, IB and II, 

and the predominant isolates were 
reassortants between subgroups IA and IB 

(Ben Tamarzizt et al. 2013). Therefore, an 

updated screening of these three viruses 

and focusing on CMV in order to assess 

their current position and their 

epidemiology in pepper crops is now 

important to determine. In this context, 

this paper deals with firstly, the temporal 

distribution of three redoubtable viruses, 

CMV, PVY and AMV in pepper open 

fields for three years during the growing 

season: at early (June), middle (August) 
and end season (November). Secondly, 

the work aims to provide the screening of 

their border weeds that can act as an 

initial reservoir of viruses. Finally, CMV 

isolates will be characterized targeting a 

specific genomic region and maintained 

for further aphid transmission researches. 

 

 

MATERIALS AND METHODS 

Field surveys. 

The investigations were 

conducted from 2016 to 2018 during 

growing seasons, from June to November, 

on pepper plants cultivated in open field. 
The plot area was 2 ha, situated in North-

East of Tunisia, Cap Bon, Takelsa (36° 

47′05″N, 10° 38′27.7″E), a coastal sub-

humid region. Leaves from pepper plants 

(cv. Sahuaro) either showing symptoms 

of virus infection or not were randomly 

sampled. Each year, three sampling 

periods were planned at early (June), 

middle (August), and end (November) of 

the growing season. A hundred samples 

were collected in each period from plants 

distributed within the plot in a “diagonal 
pattern”, making a total of three hundred 

samples per season-year. During 

investigations, border weeds of the 

prospected field presenting symptoms 

were also collected (Table 1). Leaf 

samples of pepper and weeds were 

separately stored in plastic bags at 4°C 

until analyzed. 

Table 1. List of weed species sampled from 2016 

to 2018, Takelsa (Cap Bon) 

Year Weed Species 
Number of 

samples 

2016 

Solanum nigrum 10 

Amaranthus palmeri 5 

Chenopodium album 5 

Sonchus oleraceus 5 

Malva sylvestris 5 

Convolvulus arvensis 5 

2017 

Solanum nigrum 20 

Amaranthus palmeri 5 

Chenopodium album 10 

Sonchus oleraceus 5 

Malva sylvestris 10 

Convolvulus arvensis 10 

2018 

Solanum nigrum 20 

Amaranthus palmeri 5 

Chenopodium album 5 

Sonchus oleraceus 5 

A total of 35, 60 and 35 sampled weed species 

were collected and analyzed during the years 

2016, 2017 and 2018 respectively, according to 

their availability in the field. 
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Virus detection. 
Serological analysis. The 

Double Antibody Sandwich Enzyme 

Linked Immuno Sorbent Assay (DAS-

ELISA) was adopted for detection of 

three viruses in collected samples 
according to Clark and Adams (1977). 

Plant leaf samples were tested for the 

presence of CMV, PVY and AMV using 

the manufacturer’s instructions of specific 

polyclonal antibodies commercial kits 

(Bioreba AG, Switzerland). The optical 

density (OD) of each sample was 

determined after 2 h of incubation of the 

plate (in a humid box, ambient 

temperature and protected from direct 

light) using a microplate reader 

(Multiskan Ascent Labsystems, Waltham, 
MA, USA) by measuring the absorbance 

at 405 nm. Samples were considered 

positive when the detected OD was higher 

than the double of the mean OD value of 

negative controls.  

 

Molecular analysis. 
Total RNA extraction and 

reverse transcription (RT). Two CMV-

positive samples tested by DAS-ELISA, 

one from pepper and the second from S. 
nigrum were used for molecular 

characterization. Leaf tissues (100 mg) 

were homogenized in liquid nitrogen to 

extract total RNA using TRI-Reagent 

according to the manufacturer’s 

instructions (Molecular Research Center, 

Inc). The extracted RNA quantity was 

determined using a NanoDrop 1000 

spectrophotometer (Thermo Fisher 

Scientific) and the RNA quality was 

evaluated in agarose gel. The synthesis of 
cDNA was carried out according to the 

manufacturer’s instructions of Takara Bio 

Inc. The RT reactions were performed 

using random primers (Takara Bio Inc), 

40 U RNaseOUT™ Ribonuclease 

Inhibitor and 200 U M-MLV Reverse 

Transcriptase enzymes (Takara Bio Inc). 

Two negative controls, one with cDNA 

synthesized from healthy plants, and 

another one with a No-RT sample created 

by omitting the respective enzyme were 

included. The cDNA template (20 µl final 

volume) was diluted in 200 µl with 
double  distillated  water  and  stored  in   

-20°C. 

 

Polymerase Chain Reaction 

(PCR). The amplification of the coat 

protein (CP) gene was performed 

according to the guidelines of New 

England Biolabs (NEB) PCR protocol. 

The diluted cDNA (4 µl) was amplified 

by PCR in a 20 µl final volume using 5 U 

Taq polymerase (NEB). A fragment size 

of 472 bp of the CP gene localized from 
1274-1745nt position on the RNA3 

fragment was amplified using the primers 

(5’- AACCAGTGCTGGTCGTAACC-3’) 

(forward) and (5’- GTTGGCTTGGACTC 

CAGATG-3’) (reverse) (Giakountis et al. 

2018). PCR conditions were, initial 

denaturation at 95°C for 5 min followed 

by 40 cycles of denaturation at 95°C for 

20 s, annealing at 60°C for 20 s and 

extension at 72°C for 30 s and a final 

extension step at 72°C for 5 min. PCR 
was performed on thermocycler of 

Applied Biosystems (Veriti Thermal 

Cycler). PCR products were analyzed by 

electrophoresis in 1% agarose gel stained 

with Ethidium bromide and visualized 

under a UV transilluminator. DNA bands 

were extracted from agarose gel and 

purified using NucleoSpin® kits gel and 

sent to a specialized lab (Macrogeninc, 

Amsterdam, Netherlands) for sequencing. 

 
Sequencing, alignment and 

phylogenetic analysis. The sequences 

were trimmed and submitted in the 

GenBank (Table 2) and aligned with other 

CMV isolates registered in the GenBank 

database from Tunisia and other parts of 

the world (Table 3) including a sequence 
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of Tomato aspermy virus “Indian” strain 

(AJ550020) isolated from 

Chrysanthemum sp. as an outgroup using 

the Clustal W algorithm with a gap 

opening penalty of 15.00 and a gap 

extension penalty of 6.66 for both 
pairwise and multiple alignment. A 

phylogenetic tree was built with the 

Neighbor-Joining method performing the 

Kimura 2-parameter model at 1000 

bootstrap replications. Both alignment 

and phylogenetic tree were performed 

using the embedded features in MEGA 

version 10 software. Pepp2 and nigr3 

(Table 2) nucleotide and amino-acid 

alignments with CMVIA reference 
sequences from the GenBank were 

exported to Jalview 2.11 version software 

for a better graphic presentation and 

analysis (Waterhouse et al. 2009). 

 

 
Table 2. Tunisian isolates analyzed and submitted in the 

GenBank with their accession number, target gene and host 

plants 

Name Accession Target gene Host plant 

pepp2 MN639220 Coat protein Capsicum annuum 

nigr3 MN639221 Coat protein Solanum nigrum 

 

 

 
Table 3. CMV strains/isolates from the Genbank used in phylogenetic analysis of the 

CP sequences and their characteristics 

Name Accession No. Host plant Subgroup Origin 

KA2/98 HE971705 

Capsicum annuum 

IA 

Tunisia 

Z2.4/09 HE971625 IA 

BC2.5/09 HE971652 IA 

BC3.3/09 HE971660 IB 

DHH1.2/09 HE971671 IB 

DHH1.1/09 HE971670 IB 

EG3./08 HE971603 II 

KO22/96 HE971698 II 

KO47/96 HE971701 II 

Ny U22821 

Unknown 

IA Australiaa 

Fny U20668 IA USA (NY) a 

NT9 D28780 IB Taiwana 

Tfn Y16926 Solanum lycopersicum IB Italy 

IA AB042294 
Unknown 

IB Indonesiaa 

SN U22822 II Australiaa 

R Y18138 Ranunculus sp. II France 

WL D00463 Unknown II USAa 
a Country of study without reported origin. 
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Statistical analysis. 

Pearson’s chi-square test, Fisher’s exact 

test and analysis of variance (ANOVA) 

using the Duncan Multiple range test 

incorporated in the IBM SPSS Statistics 

20.0 software were used for the statistical 
analysis of the results to reveal significant 

differences between viral incidence 

factors. 

 

RESULTS 

Virus diagnosis and serological 

investigations in pepper plants. 

During the three year 

prospections of pepper open field crops 

(2016-2018), serological analysis of the 

samples by DAS-ELISA showed no 

infections by the three target viruses at 
early season. Later, in middle season, 

surveys made possible to observe 

ringspot, mosaic, necrosis and 

deformation mainly on leaves and fruits. 

In 2016, mid-season samplings showed 

that CMV and PVY infection rates were 

63% and 41% respectively with 

significant differences observed between 

early and mid-season, while AMV 

showed a very low infection rate (1%). In 

2017, CMV, PVY and AMV infections 
showed rates of 79%, 13% and 12% 

respectively, which increased 

significantly compared to early-season. 

For mid-season 2018, only CMV 

infections increased significantly 

compared to rates detected in the early 

season with 45%, while PVY increased 
only with 1% and AMV was absent. 

Finally, samples collected at the end of 

the season showed that CMV and PVY 

infections increased significantly in all 

years compared to mid-season samples. 

The infection rates were of 82%, 96% and 

63% for CMV and 41%, 13% and 12% 

for PVY in 2016, 2017 and 2018, 

respectively. Contrariwise, the infection 

rates of 5%, 22% and 0% of AMV noted 

in 2016, 2017 and 2018, respectively, did 

not differ statistically from the early 
season. These results highlight a high 

viral activity starting from the middle to 

the end of the season, especially for CMV 

and PVY. However, AMV was rare in all 

years. Interestingly, this monitoring 

revealed that CMV infections were the 

most prevalent in all the carried tests 

(Table 4). This suggests and highlights 

the role of vectors in the contamination of 

pepper crops from mid-season that should 

be studied for a better understanding of 
the virus epidemiology and management. 

 

Table 4. Evolution of viral infections on pepper crop in Takelsa (Cap 

Bon) during early, middle and end seasons between 2016 and 2018 years. 

Year 
Season 

sampling 

Number of 

samples 

CMV 

(%) 

PVY 

(%) 

AMV 

(%) 

2016 

Early 100 0c 0c 0a 

Middle 100 63b 41b 1a 

End 100 82a 57a 5a 

2017 

Early 100 0c 0c 0b 

Middle 100 79b 13b 12a 

End 100 96a 65a 22a 

2018 

Early 100 0c 0b 0 

Middle 100 45b 1b 0 

End 100 63a 12a 0 

Statistical analysis was performed between sampling periods for each 

virus, each year. Viral infection rates (%) with different letters were 

statistically different (P ≤ 0.05) according to a Pearson’s chi-square test 

and to a Fisher Exact test whenever the values were lower than 5.  
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Results show that, in middle 

season CMV single infection with a mean 

rate of 42% was significantly the most 

important virus infection. However, at the 

end of the season, the couple 

(CMV+PVY) was more frequent than 
CMV single infection with mean 

infection rates of 38.3% and 33%, 

respectively (Table 5). These findings 

reveal that CMV is prevalent in single 

and double infections starting from the 

middle of the season, while PVY is 

prevalent at the end-season and only 

when CMV is present. It is interesting to 

mention that AMV single infection and 

AMV+PVY double infections were not 

detected in this survey. Hence, AMV was 
only present in combination with CMV 

either in double (CMV+AMV) or triple 

(CMV+PVY+AMV) infections. 

Remarkably, CMV was present in all 

detected types of infections.  

 

 
Table 5. Viral incidence and mean of single and mixed infections on pepper crops in middle and end 

season during three years (2016-2018) in Takelsa 

Season 

sampling 
Year 

Type of infection (%) 

Single Double Triple 

CMV PVY AMV 
CMV 

+ PVY 

CMV + 

AMV 

PVY + 

AMV 

CMV + 

PVY + 

AMV 

Middle 

2016 22 1 0 40 1 0 0 

2017 59 2 0 8 9 0 3 

2018 45 1 0 0 0 0 0 

Mean 42a 1,33b 0b 16b 3,33b 0b 1b 

End 

2016 23 3 0 54 5 0 0 

2017 22 1 0 52 10 0 12 

2018 54 3 0 9 0 0 0 

Mean 33a 2,33b 0b 38,33a 5b 0b 4b 

Viral infection rates (%) with different letters were statistically different (P ≤ 0.05) according to 

Duncan’s Multiple Range Test. 

 

 

Infected weeds 

From a total of 130 samples 
collected from 2016 to 2018, 57 were 

infected with the three viruses CMV, 

PVY and AMV in single, double or triple 

infections (43.8%). Moreover, four from 

the six collected weed species were 

infected with these viruses: S. nigrum, A. 

palmeri, C. album and S. oleraceus. It is 

worth mentioning that S. nigrum was the 

most frequent weed showing symptoms in 

the field. Indeed, serological analysis 

revealed that S. nigrum was the most 
infected by the studied viruses (78%), 

followed by C. album (60%), S. oleraceus 

(33.33%) and A. palmeri (6.66%). 

Interestingly, the main types of infection 

in border weeds were PVY and CMV 

single infections with infection rates of 

19.2% and 17.7%, respectively. 

Additionally, only CMV single infections 

were detected in the four infected species 

with rates of 34%, 6.6%, 15% and 13.3% 
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for S. nigrum, A. palmeri, C. album and S. 

oleraceus, respectively. Regarding PVY, 

single infections were detected in S. 

nigrum, C. album and S. oleraceus with 

infection rates of 30%, 40% and 13.3%, 

respectively. Furthermore, the couple 
(PVY+CMV) was recorded in the same 

weeds with infection rates of 4%, 5% and 

6.6%, respectively. However, A. palmeri 

was not infected by PVY either in single 

or mixed infections. Only S. nigrum was 

recorded to be infected with AMV in 

single, double, and triple infections, with 

rates of 6%, 2% and 2% respectively, 
while PVY+AMV double infections were 

not recorded in border weeds (Table 6). 

 

 
Table 6. Infected weed species by CMV, PVY and AMV with single and mixed infection, detected by 

DAS-ELISA during 2016-2018 in Takelsa (Cap Bon) 

Weed 

Species 

CMV PVY AMV 
CMV 

+PVY 

CMV 

+AMV 

PVY + 

AMV 

CMV 

+PVY 

+AMV 

Total virus 

per weed 

species 
N+/T N+/T N+/T N+/T N+/T N+/T N+/T 

S. 

nigrum 

17+/50 

(34%) 

15+/50 

(30%) 

3+/50 

(6%) 

2+/50 

 (4%) 

1+/50 

 (2%) 
0+/50 

1+/50 

(2%) 

39+/50 

(78%) 

A. 

palmeri 

1+/15 (6. 

7%) 

0+/15 

(0%) 

0+/15 

(0%) 

0+/15 

 (0%) 

0+/15 

 (0%) 
0+/15 

0+/15 

(0%) 

1+/15  

(6. 7%) 

C. album 
3+/20 

(15%) 

8+/20 

(40%) 

0+/20 

(0%) 

1+/20 

 (5%) 

0+/20 

 (0%) 
0+/20 

0+/20 

(0%) 

12+/20 

(60%) 

S. 

oleraceus 

2+/15 

(13.3%) 

2+/15 

(13.3%) 

0+/15 

(0%) 

1+/15 

(6.66%) 

0+/15 

 (0%) 
0+/15 

0+/15 

(0%) 

5+/15 

(33.3%) 

M. 

sylvestris 

0+/15 

(0%) 

0+/15 

(0%) 

0+/15 

(0%) 

0+/15 

 (0%) 

0+/15 

 (0%) 
0+/15 

0+/15 

(0%) 

0+/15  

(0%) 

C. 

arvensis 

0+/15 

(0%) 

0+/15 

(0%) 

0+/15 

(0%) 

0+/15 

 (0%) 

0+/15 

 (0%) 
0+/15 

0+/15 

(0%) 

0+/15  

(0%) 

Total 

infections 

23+/130 

(17.7%) 

25+/130 

(19.2%) 

3+/130 

(2.3%) 

4+/130 

(3.1%) 

1+/130 

(0.8%) 

0+/130 

(0%) 

1+/130 

(0.8%) 

57+/130 

(43.8%) 

N+: Number of positive weeds; T: Total number of tested weeds. 

 

 

 

CMV molecular characterization, 

alignment and phylogenetic analysis. 

Two isolates pepp2 and nigr3, 

were characterized by CP region and 
submitted to GenBank under the 

accession numbers mentioned in Table 7. 

BLASTN analysis (Zhang et al. 2000) 

demonstrated the highest  homology  and  

sequence  conservation (≥ 98%) in terms 

of nucleotide of the two isolates collected 

in this work from pepper (pepp2) and S. 

nigrum (nigr3) with the strains of the 

subgroup CMVIA, the percentage identity 

was lesser with CMVIB and CMVII 

subgroups isolates (Table 7). 

Nucleotide alignment results 
showed that two nucleotide changes were 

detected in pepp2 sequence located at 

positions 161 and 324 and four in nigr3 

sequence located at positions 4, 40, 95 

and 324 when compared to other 

reference sequences from subgroup IA 

from Tunisian and foreign isolates 

(Figure 1).   
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Table 7. Nucleotide sequences identities of Tunisian isolates (pepp2)/(nigr3) compared to reference 

sequences from the GenBank 

Accession 

No. 
Isolate Subgroup 

Identity with 

pepp2 

sequence (%) 

Identity with 

nigr3 

sequence (%) 

GU453918 Fny IA 99.75 98.80 

U20668 Fny IA 99.49 98.80 

U22821 Ny IA 99.49 98.80 

Y16926 Tfn IB 94.91 94.71 

U22822 Sn II 81.77 82.00 
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Figure 1. Alignment of nucleotide sequences of CMV coat protein gene CP of the Tunisian isolates and of reference 

isolates from the GenBank. 

 

 
 

 

Amino-acid alignment proved 

nucleotide changes affected less the 

protein composition since only one 

amino-acid change in pepp2 at position 

54 and two amino-acids in nigr3 at 

positions 14 and 32 were detected when 

compared to other CMVIA reference 

isolates from the GenBank (Fig. 2). 



Tunisian Journal of Plant Protection                     11                                                  Vol. 15, No 1, 2020  
 

 

 

Fig. 2. Alignment of amino-acid sequences of CMV coat protein gene of the Tunisian isolates and of reference 

isolates from the GenBank. 

 

Phylogenetic analysis showed 

that, all CMV sequences were split in the 

tree between two groups I and II with a 

very high bootstrap value of 99%. We can 

notice that group I splits also into two 

subgroups IA and IB, with a bootstrap 

value of 88%. Sequences of the two 

isolates studied in this work were 

positioned in Group I (subgroup IA) (Fig. 

3). The characterization results of these 

two isolates share many similarities as 

they belong to the same virus subgroup 

IA (Fig. 3), with a particular nucleotide 

mutation at position 324 for both isolates 
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as showed in the nucleotide alignment 

results (Fig. 1), which can serve to 

support the hypothesis that CMV is 

transmitted by vectors in mid-season via 

infected weeds species particularly S. 

nigrum.  

 

 

 

Figure 3. Phylogenetic relationship of CMV isolates with the strains of CMV subgroups I (A and B), II based on the 

nucleotide, alignment using ClustalW through MEGA-X software. Tomato aspermy virus (TAV) strain “Indian” 

(Acc.  No. AJ550020) was used as an outgroup. The numbers below the joining lines are bootstrapping values. The 

Tunisian pepper isolates from the studied area are denoted by a black circle●. 

 

 

DISCUSSION 

This study investigates the 

temporal distribution of three viruses 

CMV, PVY and AMV infecting pepper 
crops in growing season during three 

campaigns (2016-2018) and their updated 

incidence as well as their interactions in 

Takelsa (Cap Bon), one of the most 

important pepper production regions in 

Tunisia. Viral diseases represent an 

economic damage affecting yield and 

quality of pepper in the world (Kenyon et 

al. 2014; Moury and Verdin 2012) and 

cause more important losses in mixed 

infections (Marchoux et al. 2008). 
From a national perspective, 

Mnari-Hattab et al. (2008) reported that 

CMV was present in cucurbits, pepper, 

tomato and artichoke for many years in 

Tunisia, and justified the increase of its 

incidence by the extension of the open-

field cultivated areas. This can explain the 
high CMV prevalence in our survey in 

pepper fields. Additionally, the 

characteristics of CMV to have a very 

wide host range and to be transmitted by 

aphids in a non-persistent manner can be 

critical in open fields. Likewise, Mnari-

Hattab et al. (1999) describe CMV and 

PVY as the most important viruses 

occurring in pepper in Tunisia. Twenty 

years later, our findings confirm these 

viruses are both still prevalent in pepper 
crops. It can also be suggested that their 

long cohabitation in plant hosts made 

their association more predominant in 
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mixed infections especially by the end of 

the season as found in this survey. 

In 1999, surveys in North, North 

east, Coastal region and Center of 

Tunisia, presented CMV as the most 

important disease in pepper crops with an 
infection rate ranged from 30 to nearly 

100%, followed by PVY and AMV with 

infections rates ranged from 0 to 52% and 

0 to 26% respectively (Mnari-Hattab et al. 

1999). In our study, at the end of season, 

during 2016-2018, the average of total 

infections with CMV, PVY and AMV 

were 80.3%, 44.6% and 9% respectively. 

Remarkably, over time, disease severities 

by the three viruses are still almost the 

same in Tunisian pepper crops. 

Additionally, in the same study, higher 
infection rates of CMV, PVY and AMV 

were recorded in October (end of season) 

than in July (early season) which is in 

accordance with our results. 

Internationally, viral infections 

of CMV, PVY and AMV on pepper crops 

were reported in several countries around 

the world with varying incidences. For 

example, the average of total infection 

with CMV, PVY and AMV were 48.67%, 

6.67% and 6.34% respectively in the 
Macedonia during 2012 to 2014 

(Oreshkovikj et al. 2018). Globally, these 

reported infection rates are lower than 

those found in our results. However, the 

most prevalent virus was CMV with an 

infection rate significantly higher than 

PVY and AMV. This finding is in 

accordance with our screening. The total 

infection averages of PVY, CMV and 

AMV in Serbia during 2009-2010 were 

47.7%, 44.1% and 20% respectively 
(Milošević et al. 2018). Consequently, 

PVY was slightly higher than CMV 

which is different from our results. 

Furthermore, total infections by CMV and 

PVY during 2011 in Turkey, were of 

4.8%, and 15.3% respectively (Buzkan et 

al. 2013). This is in contrast with our 

screening where CMV was more 

prevalent than PVY. However, total 

infections by CMV, PVY and AMV in 

Iran, were of 50.13%, 26.38% and 

15.83%, respectively (Mostafae et al. 

2012), which sustains the prevalence of 
CMV compared to PVY and the less 

frequent one is AMV, as found in our 

study. 

In our study, single infections 

with CMV were significantly more 

important than both PVY and AMV with 

infection rates in late season of 33%, 

2.3% and 0%, respectively. These results 

are in accordance with a study carried out 

in Macedonia with single infection rates 

of 43%, 3% and 2.3% for CMV, PVY and 

AMV, respectively. However, in our case, 
mixed infections were significantly higher 

than single infections, which is different 

from their results with infection rates at 

the end of the season of 5%, 38.33%, 0% 

and 4% in our results compared to 2.67%, 

2.33%, 0.67% and 0.67% in Macedonia 

for (CMV+AMV), (CMV+PVY), 

(PVY+AMV) and (CMV+PVY+AMV), 

respectively (Oreshkovikj et al. 2018). 

Remarkably, over our surveys, both CMV 

and PVY were detected in double 
infection in the couple (CMV+PVY) 

more significantly than in single or triple 

infections, especially in 2016 and 2017. 

This interaction between these two 

viruses, suggests that PVY may be more 

prevalent in the presence of CMV which 

may involve synergistic reactions 

between them in pepper crops as reported 

in tomato crops (Mascia and Gallitelli 

2014; Syller 2012). Regarding the 

temporal distribution within the growing 
season, Ruverski et al. (2013) showed that 

at early season, the virus incidences were 

almost null, but in mid-season the 

prevalence of viruses exponentially 

increased. Finally, the infection rates at 

the end of season either increased slightly 

or stayed the same situation. In our case, 
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very important raises in incidences were 

detected at the end of the season. 

Furthermore, it is important to note that 

weeds can be considered as reservoir of 

inoculum in the field and can represent 

the primary infection source by viruses 
and may spread diseases to several crops 

via vectors (Özdağ and Sertkaya 2017). 

Interestingly, a previous Tunisian study 

(Boukhris-Bouhachem et al. 2017) 

reported that C. Album, Amaranthus sp., 

S. nigrum and S. oleraceus were inoculum 

reservoirs for PVY and at the same time 

hosting aphid vectors as Aphis fabae, 

Aphis gossypii, and Myzus persicae. 

Other studies (Harris et al. 2001) 

demonstrated that many aphid species are 

responsible for the transmission of viruses 
such as CMV, PVY and AMV by sap-

sucking on these border weeds. This 

suggests that there is a relationship 

between these infected weeds that are 

naturally present in the borders of pepper 

fields and the infections occurring on 

pepper by the same viruses. If so, further 

screenings should be carried out to target 

these weeds.  

The characterization of CMV 

single infection isolates and the analysis 
of their phylogenetic tree, determined 

CMV isolates belonging to the subgroup 

IA which is the most abundant either in 

pepper or in other hosts worldwide (Ben 

Tamarzizt et al. 2013; Giakountis et al. 

2018; Oreshkovikj et al. 2018). 

Phylogenetic analysis has proved 

to offer reliable results in terms of 

clustering CMV isolates from all over the 

world (Jacquemond 2012). For our case, 

both sequenced samples were affiliated to 

subgroup IA isolates with a bootstrap 

value of 88%. 

This investigation highlighted 

the high prevalence of CMV in single and 
mixed infections, but also in different 

periods of the growing season. Moreover, 

the interaction between CMV and PVY 

was also highly present especially after 

mid-season. Furthermore, some weeds 

such as S. nigrum are suspected to be a 

reservoir of the viral inoculum 

disseminated by aphids circulating in the 

field during mid-season. Consequently, 

weeds should be eliminated by the farmer 

from the field for a better virus 

management. Finally, to continue this 
study, we foresee to investigate the 

transmission efficiency of these viruses 

by the most abundant aphid vectors in this 

field and to assess an eco-friendly 

integrated pest management program 

against the most efficient ones to reduce 

their population and therefore to decrease 

the viral disease spread. 
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RESUME 

Khaled-Gasmi, W., Souissi, R., and Boukhris-Bouhachem, S. 2020. Distribution 

temporelle de trois virus du piment et caractérisation moléculaire de deux isolats 

tunisiens de Virus de la mosaïque du concombre. Tunisian Journal of Plant Protection 

15 (1): 1-17. 
 

Des prospections annuelles ont été réalisées au Cap Bon en Tunisie de 2016 à 2018 en plein champ de 
piment (Capsicum annuum) au début de la saison, à la mi-saison et juste avant la récolte, pour étudier 
la propagation de trois maladies virales causées par le virus de la mosaïque du concombre (CMV), le 
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virus Y de la pomme de terre (PVY) et le virus de la mosaïque de la luzerne (AMV). L'analyse 
sérologique n'a révélé aucune infection au début de la saison. Cependant, à partir de la mi-saison, des 
incidences virales sont apparues et ont augmenté au cours de la récolte avec une prédominance du 
CMV suivi par le PVY et l’AMV. De plus, seules les infections par le CMV étaient significativement 

les plus abondantes à la mi-saison avec une moyenne de 42%, tandis que juste avant la récolte, les 
infections mixtes (CMV+PVY) et les infections uniques à CMV ont significativement les taux les plus 
élevés avec des moyennes de 38,33% et 33%, respectivement. L'AMV n'a été détecté qu'avec le CMV 
dans les infections doubles et triples avec le PVY. De plus, les occurrences du PVY étaient plus 
abondantes en présence du CMV. Les mauvaises herbes aux bordures du champ étudié ont également 
été analysées au cours de la même période. Remarquablement, Solanum nigrum, la plante adventice la 
plus abondante dans le champ, était la plus infectée par les virus étudiés. Cette plante est soupçonnée de 
constituer la première source d'inoculum d'infection pour les cultures de piment. De plus, une analyse 

moléculaire des isolats du CMV dans le piment et S. nigrum à partir d'infections uniques a révélé que 
ces isolats appartiennent au sous-groupe IA.  

 
Mots clés: AMV, caractérisation moléculaire, CMV, piment, PVY, Solanum nigrum 

__________________________________________________________________________ 

 ملخص 

 فلفلللالتوزع الزمني لثالثة فيروسات . 2020 .بوهاشم-بوخريصسنية سويسي وورابحة  قاسمي، وفاء-خالد

  خيار في تونس.ال فسيفساءلفيروس  نيتلعزل جزيئي شخيصوت

Tunisian Journal of Plant Protection 15 (1): 1-17. 

 

تصف منوبداية الموسم  فيفي الوطن القبلي بتونس ( Capsicum annuum) في حقل فلفل معاينات سنويةتم إجراء 

ي يسببها الت دراسة انتشار األمراض الفيروسية في زراعة الفلفلل وذلك 2018إلى  2016 منقبل الحصاد و الموسم

 أظهر التحليل. (AMV) وفيروس فسيفساء البرسيم Y (PVY)ا وفيروس البطاط (CMV)فيروس فسيفساء الخيار 

ل ادت بشكمنتصف الموسم، ظهرت اإلصابات الفيروسية وز فيالمصلي عدم وجود إصابات فيروسية في بداية الموسم. 
كانت اإلصابات الفردية  .AMVو PVY تليه CMVمع تفوق في مجموع االصابات بفيروس قبل الحصاد معتبر 

إلصابات كانت ا ،قبل الحصادبينما  %42منتصف الموسم وذلك بمعدل  في األكثر انتشارا بشكل معتبرCMV بفيروس 

لي. على التوا%، 33 و %38.33األكثر انتشارا بمعدل  CMVواإلصابات الفردية بفيروس  (CMV+PVY) المزدوجة

ً مصحوبة بفيروس AMVبفيروسكانت اإلصابات و  PVYكانت اإلصابات بفيروس  ،باإلضافة إلى ذلك. CMVدائما

ً القيام بمعاينات لألعشاب . CMVد بشكل معتبر بوجوتزداد   ترة الدراسة.في أطراف الحقل في نفس ف الضارةتم أيضا

لمدروسة. إصابة بالفيروسات ا ، كان كذلك األكثرانتشارااألكثر  الضارالعشب  ،Solanum nigrumمن الملحوظ أن و

ي يل الجزيئالتحل ، كشفباإلضافة إلى ذلكفي زراعات الفلفل.  لفيروساتنتشار اولهذا فأنه يشتبه بأن يكون أول مصدر ال

 .IAأن هذه العزالت تنتمي إلى المجموعة الفرعية  S. nigrumو  الفلفل من إصابات فردية على CMVت لعزال

 

  Solanum nigrum ،PVY ،CMV ،AMV ،فلفلجزيئي ،  توصيف حية:اتكلمات مف

__________________________________________________________________________ 
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Short Communication 

Induction of Growth and Osmoregulation in  

Salt Stressed Barley by the Endophytic 

Fungus Chaetomium coarctatum 
 

 

Rabiaa Kouadria, Mohamed Bouzouina, and Brahim Lotmani, Laboratoire de 
Protection des Végétaux, Faculté des Sciences de la Nature et de la Vie, Université 

de Mostaganem, Kharrouba, 27000 Mostaganem, Algeria                           (Algeria) 
__________________________________________________________________________ 

ABSTRACT 

Kouadria, R., Bouzouina, M., and Lotmani, B. 2020. Induction of growth and 

osmoregulation in salt stressed barley by the endophytic fungus Chaetomium 

coarctatum. Tunisian Journal of Plant Protection 15 (1): 19-27. 
 
Endophytic fungi have been shown to increase the growth and improve plants tolerance to stressful 
conditions, especially salinity. The intent of this study was to determine the salt tolerance of barley 
inoculated by the fungus Chaetomium coarctatum, isolated from Avena fatua roots collected from 
saline soil (EC = 14 dS/m). A greenhouse experiment was conducted to test the effects of this selected 
fungus under increasing salinity levels (EC = 2.5, 8, and 14 dS/m) on seedling growth, leaf area and 
solute accumulation (proline and sugars) of barley seedlings. Results indicated a positive influence of 

C. coarctatum on barley salinity tolerance. Barley seedling emergence on heavily salted soil (14 dS/m) 
was improved by C. coarctatum (70%), compared to 60% recorded by control. Results showed that C. 
coarctatum increased soluble sugars (under moderate saline soil) and proline leaf contents (under 
unsalted soil, moderate and high saline soils). Inoculated barley has a higher leaf area (23 cm² under EC 
= 14 dS/m compared to 21.54 cm² recorded in the control) as well as sugar (29.1 mg/g FW under EC = 
2.5 dS/m) and proline content (1.14, 1.99, and 2.21 mg/g FW under EC = 2.5, 8, and 14 dS/m, 
respectively). C. coarctatum fungus improves barley growth under salt stress conditions. 

 
Keywords: Avena fatua, barley, Chaetomium coarctatum, endophytes, salinity  
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In nature, plants are confronted 

by a variety of environmental factors, 

resulting in adverse changes to growth 

and development. Among several 

environmental factors, salinity is one of 

the major abiotic stress limiting plant 

growth and productivity in many areas of 

the world (Alqarawi et al. 2014). Soil 
salinity affects plant growth by reducing 
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water uptake, causing toxic accumulation 

of sodium chloride and reducing nutrient 

availability. Salinity also induces water 

deficit by decreasing the osmotic 

potential of soil and therefore it is 

difficult for roots to extract water from 

their surrounding media (Jaleel et al. 

2007). It is relatively difficult for 
producers to expand genetic yield 

potential of plants under salt stress 

conditions (Kalhoro et al. 2016). High salt 

concentrations in soils or irrigation waters 

have devastating effects on plant 

metabolism, destruct cellular homeostasis 

and have various negative impacts on 
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physiological and biochemical processes 

(Al-Razak and Al-Saady 2015). 

Soil salinization can be a 

symptom of land degradation, as a result 

of inappropriate cultural practices and 

excessive agricultural use (Roy et al. 
2014). Application of traditional 

desalination negatively affects soils. 

Recent studies have focused on 

identification of alternative methods to 

enhance plant productivity and protect the 

soil (Wei and Jousset 2017).  In this 

context, the symbiotic association of 

rhizobia and roots of plants decreased 

severity of salinity (Mhadhbi et al. 2014).   

Fungal endophytes may be of 

special significance because of their 

ability to colonize plants and help their 
partner to survive under extreme 

environmental conditions by secreting 

beneficial secondary metabolites such as 

auxin, gibberellin that helps in growth 

and development of the host plant (Dutta 

et al. 2014). Endophytic fungi favor plant 

growth against salt stress by improving 

the host plant nutrition, increasing 

Potassium/Sodium ions (K+/Na+) ratios 

and efficiently influencing 

osmoregulation by accumulation of 
compatible solutes such as proline, 

glycine betaine, and soluble sugars 

(Tuteja et al. 2012). 

The current paper explored the 

effect of endophytic fungus, Chaetomium 

coarctatum, isolated from Avena fatua 

roots collected from saline soil located in 

Ghelizane; Algerian West (EC = 14 

dS/m) on growth and osmoregulation of 

barley (Hordeum vulgare), under salt 

stress conditions, in order to give 
comprehensions on the mechanisms by 

which beneficial fungal endophytes are 

associated with host plant benefits, and 

establish the foundations for the design of 

ecologically friendly practices by using of 

microorganisms in agriculture. 

 

MATERIALS AND METHODS 

Barley inoculation and culture. 

Strain 6 of Chaetomium 

coarctatum isolated from roots of Avena 

fatua collected in Ghelizane (Algeria) 

was used in this study (Kouadria et al. 
2018). 

Surface sterilized barley 

(Hordeum vulgare) var. Saida183 seeds 

were inoculated by immersion in C. 

coarctatum spore suspension at a 

concentration of 107 spores/ml for 24 h. 

Seeds immersed in distilled water were 

used as control.  

Seeds were then placed into 

PVC pots (19 cm diameter and 50 cm 

height) filled with soils increasing salinity 

levels (EC = 2.5 dS/m (unsalted soil), 8 
dS/m (moderate saline soil), and 14 dS/m 

(high saline soil) respectively). The 

experiment was conducted as a factorial 

design in randomized blocks with two 

factors and three-fold replications.  

 

Growth parameters. 

Barley seedling emergence rate was 

determined 15 days after treatment. Leaf 

area was calculated conventionally by the 

product of maximum leaf lengths and 
widths affected by the coefficient 0.75 (Li 

et al. 2004). 

 

Proline leaf content estimation. 

Free proline was estimated following the 

method of Troll and Lindsley (1955). One 

hundred mg of leaf was extracted in 2 ml 

of 40% methanol. One ml extract was 

mixed with equal volume of acid 

ninhydrin solution (1.25 g ninhydrin 

dissolved in 30 ml of glacial acetic acid 
and 20 ml of 6 M phosphoric acid) and 

glacial acetic acid. The samples were then 

incubated at 100∘C for 30 min and 

reaction was terminated by keeping the 

tubes in ice container. After cooling, 

proline was separated with 5 ml toluene 

and optical density was measured at 528 

http://europepmc.org/articles/PMC5397423/#B41
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nm. Proline concentration was determined 

by following a calibration curve and 

expressed as mg/g of fresh weight (FW). 

 

Soluble sugar leaf content estimation. 

Soluble sugars were extracted in 80% 
ethanol from 100 mg of leaf fresh tissue 

and quantified using the anthrone method 

(Thimmaiah 2004). A standard curve was 

established using glucose and results are 

therefore expressed in mg/g of fresh 

weight (FW). 

 

Statistical analysis. 

Analysis of variance (ANOVA) was 

carried out, using Statbox v6.4 statistical 

software. Data were represented as mean 

± standard deviations (SD). P < 0.05 
showed a significant effect. The purpose 

of these tests was to identify statistically 

significant effects and interactions among 

various test and control treatments. 

 

RESULTS 

Barley seedlings and leaf area. 

Analysis of variance revealed significant 

effects of "salinity" and "endophytic 

fungi" factors on the emergence rate of 

barley seeds (P < 0.05). A total 
emergence rate (100%) was recorded by 

inoculated and non-inoculated barley 

grown under 2.5 and 8 dS/m of salinity. 

Emergence rate decreased under high 

saline soil (14 dS/m) in C. Coarctatum-

colonized and non-C. Coarctatum 

colonized barley (Fig. 1A). However, C. 

coarctatum significantly increased the 

percentage of barley seedling emergence 

under soil salinity 14 dS/m (70%), 

compared to the control (60%). 

Salt stress and fungal inoculation 

significantly affected leaf area (P < 0.05). 

Moreover, saline stress reduced leaf area 

especially under moderate (17.36 ± 5 
cm2) and high saline soil (21.54 ± 3 cm2) 

compared to the control (30.5 ± 5 cm2). 

C. coarctatum inoculation 

enhanced leaf area of seedlings grown 

under soil salinity of 14 dS/m (23.74 ± 3 

cm2) compared to non-C. coarctatum 

inoculated barley plants (21.54 ± 3 cm2) 

(Fig. 1B).   

 

Proline and sugar leaf content. 

Soil salinity significantly (P < 0.05) 

reduced soluble sugar levels in barley 
leaves (Fig. 2A). 

With saline stress, the positive 

effect of C. coarctatum on barley leaf 

sugar content was significant under soil 

salinity of 8 dS/m (29.1 ± 1 mg/g FW) 

compared with control barley plants 

(15.57 ± 2.49 mg/g FW).  

Results showed a significant 

increase in proline content as a 

consequence of both, saline stress and 

endophyte inoculation (P < 0.05). The 
significant interaction between those 

factors indicates that, under saline stress, 

endophyte inoculation induced a higher 

increase in barley leaf proline content 

(Fig. 2B). 

The maximum proline content 

was noted in C. Coarctatum-inoculated 

barley under soil salinity of 14 dS/m (2.21 

± 0.38 mg/g FW). 
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Fig. 1. Effect of salinity (C0) × Chaetomium coarctatum (CC) interaction on barley emergence 

rate (A) and leaf area (B). Segments are SD. 
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Fig. 2. Effect of salinity (C0) × Chaetomium coarctatum (CC) interaction on barley leaf sugar 

content (A) and proline content (B). Segments are SD. 
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DISCUSSION 

Climate change, growing food 

demand and inappropriate agricultural 

practices combination has stimulated a 

rapid saline soils expansion worldwide, 

principally among arid and semi-arid 
environments (Singh et al. 2015). Under 

stress conditions, the physiological and 

biochemical functions of both wild and 

cultivated plant species are reduced 

causing severe yield losses (Deinlein et 

al. 2014). Therefore, alternative and 

strategic tools to improve agricultural 

production are needed for the upcoming 

and challenging years (Roy et al. 2014). 

In this direction, the potential role of C. 

coarctatum, to expand the saline stress 

tolerance in barley was tested. Results 
showed that barley seeds presented 

sensitivity to salt stress, manifested by 

significant reduction in seedling growth 

and leaf area under high saline soil (14 

dS/m). A similar decrease in growth has 

been reported in barley (Mallek-Maalej et 

al. 2004, El Goumi et al. 2014) and 

pistachio as salinity levels increased 

(Jamil et al. 2005). The reduction in leaf 

area because of salt stress has been 

considered an avoidance mechanism that 
permits decreasing water loss through 

transpiration (Blum 1996).  

Inoculation with the endophyte 

C. coarctatum enhanced barley growth 

under high salt stress which supports the 

findings of Bae et al. (2009) for cacao 

(Theobroma cacao) colonized by 

Trichoderma hamatum and Rubio et al. 

(2014) for tomato inoculated by 

Trichoderma parareesei, under salt stress 

conditions.  According to Fortin et al. 
(2008), endophytic fungi allow plants to 

have better access to nutrients and 

substrate water, which promotes their 

growth and improves plant tolerance to 

avoid stressful situations (Oses 2008). 

The host plant may be protected by 

secondary metabolites produced by 

endophyte (Hamayun et al. 2009). 

Endophytic fungi can also enhance plant 

growth by phytohormone production, 

such as indole acetic acid and gibberellic 

acid (Egamberdieva and Kucharova 

2009). Gibberellins are produced by 
Penicillium strains under salt stress to 

improve plant growth (Leitão and Enguita 

2016).  

Plants accumulate some organic 

solutes (proline, soluble sugars) and 

inorganic ions to maintain higher osmotic 

adjustment under salt stress conditions 

(Yang et al. 2009). In the current 

research, moderate and high salinity 

induced noticeable variations in proline 

and soluble sugar contents in barley 

leaves. In addition to acts as a compatible 
osmolyte, proline plays a protective role 

against salt stress in plants (Verbruggen 

and Hermans 2008). Soluble sugars are 

important indicators in response to abiotic 

stress (Azevedo-Neto et al. 2006). The 

increased accumulation of sugars in 

plants usually indicates a highly 

protective mechanism against oxidative 

damage caused by high salinity (Bartels 

and Sunkar 2005). Results showed that 

sugar content decreased with increased of 
salinity levels. Dubey and Singh (1999) 

also reported that sugar content increased 

more in susceptible cultivars than in 

tolerant cultivars. 

Endophytic fungus, C. 

coarctatum has no significant effect on 

barley leaf sugar content. An opposite 

result was found following inoculation of 

perennial ryegrass with Aspergillus 

aculeatus under salt stress, where an 

increase in total sugar was observed (Li et 
al. 2017). However, colonization of 

barley plants by C. Coarctatum 

significantly increased proline levels 

compared to those of non-C. Coarctatum 

inoculated barley, suggesting that proline 

was accumulated to provide an energy 

source for plant growth and survival by 
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preventing ionic and osmotic imbalances 

in saline conditions (Manchanda and 

Garg 2011). Accumulation of proline 

under salt stress results from the enzyme 

upregulation involved in proline synthesis 

(Iqbal et al. 2015). Zhang et al. (2016) 
reported that Trichoderma 

longibrachiatum can significantly 

increase wheat seedling proline content 

under salt or non-saline stress. Similarly, 

significant accumulation of proline was 

observed in Piriformospora indica (Zarea 

et al. 2012) and Paecilomyces formosus 

(Khan et al. 2012) inoculated wheat 

compared to non-inoculated plants under 

salinity stress. 

The current paper allowed 

exploring the possible mechanisms in 

which C. Coarctatum provides the ability 

of improving the suppression effect of salt 

stress. The mechanisms may include (i) 

C. Coarctatum increasing barley seedling 
growth to resist to salt stress, and (ii) 

enhancing the relative levels of proline in 

the stressed plants. However, there are 

some issues that need to be addressed in 

future studies, such as the efficacy of C. 

Coarctatum with other plant species and 

other abiotic stresses to determine the 

signaling role of C. Coarctatum in 

mitigating negative impacts of salinity 

stress. 

__________________________________________________________________________ 

RESUME 

Kouadria R., Bouzouina M. et Lotmani, B. 2020. Induction de la croissance et de 

l'osmorégulation chez l'orge stressée par le sel avec le champignon endophyte 

Chaetomium coarctatum. Tunisian Journal of Plant Protection 15 (1): 19-27. 
 
Les champignons endophytes augmentent la croissance et améliorent la tolérance des plantes aux 
conditions stressantes, en particulier la salinité. Le but de cette étude était de déterminer la tolérance au 
sel de l’orge inoculée par le champignon Chaetomium coarctatum, isolé des racines de Avena fatua 

prélevées dans un sol salin (CE = 14 dS/m). Une expérience en serre a été menée pour tester les effets 
de ce champignon sur l’orge sous des niveaux de salinité croissants (CE = 2,5; 8 et 14 dS/m) sur le taux 
de levée, la surface foliaire et l'accumulation des solutés (proline et sucres). Les résultats ont indiqué 
une influence positive de C. coarctatum sur la tolérance à la salinité de l'orge. Le taux de levée de 
l’orge sur le sol très salé (14 dS/m) a été amélioré par C. coarctatum (70%), contre 60% enregistré par 
le témoin. Les résultats ont montré que C. coarctatum a augmenté le contenu des feuilles en proline 
(sur les trois sols) et en sucres solubles (sur le sol moyennement salé). L'orge inoculée a une surface 
foliaire plus élevée (23 cm² sous EC = 14 dS/m comparé à 21,54 cm² enregistré avec le témoin) ainsi 
qu’une teneur élevée en sucre (29,1 mg/g FW sous EC = 2,5 dS/m) et en proline (1,14; 1,99 et 2,21 

mg/g FW sous EC = 2,5; 8 et 14 dS/m, respectivement). Le champignon C. coarctatum améliore la 
croissance de l'orge sous des conditions de salinité. 

 
Mots clés: Avena fatua, Chaetomium coarctatum, endophytes, orge, salinité  

__________________________________________________________________________ 

 ملخص
إجهاد التنظيم االسموزي تحت على النمو والشعير حث . 2020ماني. وبراهيم العثربيعة ومحمد بوزوينة  ،قوادرية

  .Chaetomium coarctatumعن طريق الفطر  ةحوالمل

Tunisian Journal of Plant Protection 15 (1): 19-27. 

 

تحديد  إلىهذه الدراسة تهدف  خاصة الملوحة. ،اإلجهاديةالفطريات في زيادة نمو النباتات وتحسين تحملها للظروف تساهم 

المأخوذة من  Avena fatuaنبتة المعزول من جذور  Chaetomium coarctatum بالفطر الملقحدرجة تحمل الشعير 

 في ظلالشعير   علىثار هذا الفطر أاختبار  من أجلفي بيت محمي جراء تجربة إتم . (dS/m 14 = EC) تربة مالحة

على تراكم قها واورأ اتومساح( على بروز نباتات الشعير dS/m  14 ; 8 ;  2,5 = EC) متصاعدة مستويات ملوحة

سُجل تحسن نسبة بروز نباتات  للملوحة. الشعيرتحمل  علىللفطر النتائج وجود تأثير إيجابي بينت  فيها. البرولين والسكر



Tunisian Journal of Plant Protection                    26                                                  Vol. 15, No 1, 2020 

(. وبينت النتائج %60مع الشاهد )( بالمقارنة %70الفطر )( بوجود dS/m 14 = ECالشعير على التربة عالية الملوحة )

( والسكر الذائب )مع التربة متوسطة الملوحة(. كان ة)مع أنواع التربة الثالثمحتوى األوراق من البرولين  فيأن الفطر رفّع 

لدى الشاهد( وكذلك  2سم 21,54 بـ مقارنة EC=  14 m/dSمع الملوحة  2سم 23الملقح أعلى مساحة ورقية )للشعير 

 2,21و  1.99و  1,14( ومن البرولين )dS/m 2,5 = ECمع   مغ/غ من الوزن الطازج 29,1محتوى عال من السكر )

يحسن نمو  C. coarctatum، على التوالي(. إن هذا الفطر dS/m  14 ; 8 ;  2,5 = ECمع   مغ/غ من الوزن الطازج

     الشعير تحت ظروف الملوحة.
 

 Avena fatua ،Chaetomium coarctatumداخلي النبتة، شعير، ملوحة، : كلمات مفتاحية

__________________________________________________________________________ 
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Behi, Fatma, 2019. Citrus’ aphids in Cap Bon region in Tunisia: Inventory, 
essential oil fight and study of the feeding and orientation behavior. Doctorate 
Thesis in Biological Sciences (Biology). Faculty of Sciences of Bizerte, 
University of Carthage, Tunis, Tunisia, 150 pp. (Public Defense: 16 September 
2019). 

 

Aphids are threatening sup sucking pests causing damages on more than 4000 

economic crops through sieve punction and disease transmission. On citrus, they are 

responsible of important yield drops due essentially to virus transmission such Citrus tristeza 

virus CTV. Generally, chemical insecticides are used against aphids but those are developing 

more and more resistances and the chemical products used are criticized essentially for their 

harmful effects on human, environment and non-target organisms. The aim of this work is 

firstly to update the inventory of citrus aphids, their dynamic and natural enemies, in an 
orchard of Cap Bon region in Tunisia. The results showed a reduction in aphid diversity, 

only 4 species were found during 2014-2016 when 10 did in 1991-1992. Two key species i.e. 

Aphis spiraecola Patch and Aphis gossypii Glover were identified. They were characterized 

by high and continuous occurrences with population picks in spring and autumn. Highly 

polyphagous, resistant to chemical insecticides and vectors of numerous viral diseases, both 

identified species are threatening for Tunisian citrus. Concerning aphids’ enemies, four 

species of parasitoids and two of predators were identified. An increase of hyperparasitism 

was unluckily reported. The results were discussed and linked to intra- and inter-specific 

competition, and climatic changes. 

Then, the aphid species identified as key species on citrus in Cap Bon region were 

used to evaluate the insecticidal effect of two essential oils EO in the aim to meet the second 
object of this work that is to find a green alternative to chemical insecticides used against 

citrus aphids. The aphicidal effect of two EO of Mentha pulegium L. and Pistacia lentiscus 

L. was evaluated against A. spiraecola, A. gossypii and Myzus persicae Sulzer, a passing 

aphid on citrus but possible vector of several diseases. The EO of M. pulegium, rich in 

pulegone (45.89%), cis-menthone (23.25 %) and trans-menthone (14.73 %), was highly 

efficient against aphids with mortality rates of 98%, 94% and 86% for A. spiraecola, A. 

gossypii and M. persicae, respectively. For P. lentiscus EO, rich in α-pinene (28.57%), β-

myrcene (21.03%) and L-limonene (6.97%), the mortality rates were 52%, 70% and 76% 

obtained on the same sub-cited aphids, respectively. No difference was observed between the 

toxicities of the EO and the chemical product based on imidacloprid, commonly used against 

citrus aphids. When tested on M. persicae, the EO were mixed and used to test a possible 

synergy between them but no synergism effect was observed. In the aim to explain how the 
EO act on aphids, a study on the effect of both M. pulegium and P. lentiscus EO on the 

feeding and orientation behavior of A. spiraecola, A. gossypii and M. persicae was 

performed. A dual choice test was conducted in a static olfactometre to observe the aphid 

orientation behavior. No EO effect was noticed on the attractiveness of the plants to aphids. 
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Then, the electrical penetration graph EPG was used to monitor the phloem and xylem sap 

consumption by aphids feeding on EO treated plants. The results exhibited an important 

feeding deterrence with changes in salivation and ingestion patterns due to EO application 

which disturbs their feeding time and quality.  

Overall, the results obtained were encouraging but steel need further studies to test 

the efficiency of EO against aphids in open field crops and to evaluate their effect on the 

auxiliary and non-target fauna. Also, formulation and standardization of the application 

method of the EO stay not fully studied and needs further investigations. 

 

--------------------------- 

 
Ben Slama, Houda.  2019. Screening of Limoniastrum monopetalum 
endophytic bacterial communities for versatile and multifunctional biocontrol 
agents against Fusarium diseases. Doctorate Thesis in Biological Sciences, 
Faculty of Sciences of Sfax, University of Sfax, Tunisia, 201 pp. (Public 
Defense: 18 October 2019). 

 

Halophyte Limoniastrum monopetalum (L.) Boiss. is an evergreen shrub inhabiting 

Mediterranean region; it has well-documented phytoremediation potential for metal removal 

from polluted sites. It is also considered as medicinal halophyte with potent activity against 
plant pathogens. Therefore, L. monopetalum represents a suitable candidate for isolating 

endophytic microbiome members. Selected for biocontrol abilities, these endophytes may 

represent multifaceted and versatile biocontrol agents against plant pathogens in addition to 

PGP and plant protection against abiotic stresses. In this study 117 root, bacterial endophytes 

including Gram-positive (Bacillus and Brevibacillus), Gram-negative (Proteus, Providencia, 

Serratia, Pantoea, Klebsiella, Enterobacter, and Pectobacterium) and actinomycete 

Nocardiopsis genus have been recovered from L. monopetalum. The collection showed 

relevant direct and indirect PGP features including growth on nitrogen-free medium, 

phosphate solubilization, and auxin biosynthesis, as well as resistance to damaging metal and 

xenobiotic stress. Several high biocontrol ability bacteria proved also endowed with high 

levels biocontrol abilities against bacterial (Agrobacterium tumefaciens MAT2 and 
Pectobacterium carotovorum MAT3) and fungal (Alternaria alternata XSZJY-1, 

Rhizoctonia bataticola MAT1 and Fusarium oxysporum f. sp. radices-lycopersici FORL) 

highly damaging phytopathogens. Further screening was conducted against 5 F. oxysporum 

f. sp. albedinis strains LMA1-LMA5, it yielded 4 bacterial isolates named BFOA1-BFOA4. 

These bacteria also proved very active against 16 Fusarium isolates belonging to four species 

F. oxysporum, F. solani, F. acuminatum and F. chlamydosporum. Isolates BFOA1-BFOA4 

had the ability to grow at temperatures up to 35°C, pH range of 5-10, and tolerate high 

concentrations of NaCl and up to 30% PEG. Phylogenomic analysis of BFOA1-BFOA4 

isolates indicated that they all belong to Bacillus halotolerans that could, therefore, be 

considered as warden against Fusarium infection in plants. This outcome is crucial for the 

targeted oasis ecosystem where Fusarium is a significant threat targeting approximately all 

plant types in the oasis such as date palms, olive trees and annual/pluriannual including 
tomato and potato among other plants. 

A highly promising candidate B. halotolerans BFOA1 with high PGP, biocontrol, 

metal and antibiotic resistance was subsequently selected for in planta assays (olive tree, 

potato, and tomato) of biocontrol on a collection of 16 highly damaging Fusarium species. 
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Comparative genomics allowed to functionally describe the open pan-genome of B. 

halotolerans and LC-HRMS and GCMS analyses allowed the description of diverse 

secondary metabolites including pulegone, 2-undecanone and germacrene D with important 

antimicrobial and insecticidal properties. In conclusion, B. halotolerans could be used as 

efficient bio-fertilizer and bio-control agent in semi-arid and arid ecosystems. 

 

--------------------------- 

 
Ghrissi, Ibtihel. 2020. Bio-ecology of the pistachio bark beetle, Chaetoptelius 
vestitus Muls & Rey (Coleoptera: Curculionidae): Chemical ecology and insect 
behavior. Doctorate Thesis in Biological Sciences (Ecology), Faculty of 
Sciences of Gabès, University of Gabès, Gabès, Tunisia, 156 pp. (Public 
Defense: 24 October 2019). 

 

In Tunisia, the pistachio tree is an important species in fruit crops. However, it is 

subject to attacks by pests such as the bark beetle Chaetoptelius (Hylesinus) vestitus (Muls & 

Rey) (Coleoptera: Curculionidae). C. vestitus is an important pest of pistachio in the 

Mediterranean basin. In recent decades, it has invaded almost all production areas. The 

development of a control strategy requires a perfect morphological identification as well as 

the pest bio-ecology. The living adults of C. vestitus are particularly difficult to differentiate 
between sexes, because the external morphological characteristics are quite similar between 

the two sexes. This difficulty remains as an obstacle to ecological and ethological studies. In 

this study, the sex characteristics of C. vestitus were examined and we reported a reliable 

method for sexing live adults of C. vestitus. The female carries out the construction of the 

maternal gallery and can deposit up to 68 eggs. The sexual sex ratio for C. vestitus in Tunisia 

is 1. Five larval stages were determined in C. vestitus. After pupation, newly formed adults 

begin to fly from infested branches. C. vestitus develops one generation per year in the study 

areas. The wintering of C. vestitus occurs mainly in larval forms with the presence of some 

nymphs. However, attacks vary depending on the maintenance and irrigation status of the 

pistachio orchards. With regard to the chemical ecology of this pest, the study of the 

behavior of the insect in an olfactometer in Y, showed that male adults emit a specific odor 
that attracts both males and females. On the other hand, females emit a specific odor that 

attracts especially males. GC analysis of natural odor extracts from C. vestitus males and 

females revealed that females specifically emit four chemical compounds. These compounds 

are probably the pheromonal package released by the insect. So, we can assume that among 

these four products, one of them plays the role of sexual pheromone in C. vestitus. 

Olfactometric analyzes indicate that the odor of feces and green buds caused by bark beetles 

could be used as bait to capture adults in monitoring or control as part of the development of 

new pest control programs. 

 

--------------------------- 

 

Cheffi, Manel. 2019. Isolation, characterization and purification of bacterial 
biofungicides to fight some olive tree pathogenic fungi (Olea europaea L.). 
Doctorate Thesis in Biological Engineering, National School of Engineers of 
Sfax, University of Sfax, Tunisia, 206 pp. (Public Defense: 24 December 2019). 
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Pathogenic fungi always cause considerable agronomic and economic losses on 

several crops. Chemical treatments while harmful to environment and human health proved 

little or no impact against them. Recently, biocontrol bacterial species are used to cope with 

pathogen and hold promising prospects towards sustainable and eco-friendly agricultural 

practices. Olive trees prone to Verticillium and Fusarium disease outbreaks are suitable for 

habitat-adapted symbiotic strategies to recover pathogens biocontrol agents. Using this 

strategy, olive tree associated microbiome represents a valuable source for microorganisms 

promoting plant growth and healthy benefits in addition of being biocontrol agents against 

oomycete and fungal diseases. Isolation, characterization and screening of root microbiome 
of olive trees against numerous Phytophthora and other fungal pathogens led to the 

identification of Bacillus velezensis OEE1, with PGP abilities and strong activity against 

major oomycete and fungal pathogens especially against Fusarium solani and Verticillium 

dahlia with inhibition rate exceeding 80%. Phylogenomic analysis of strain OEE1 showed 

that B. velezensis suffers taxonomic imprecision that blurs species delimitation affecting their 

biofertilizers practical use. Genome mining of several B. velezensis strains available in 

GenBank highlighted wide array of PGPB features, metal and antibiotic resistance and 

degradation ability to phytotoxic aromatic compounds. Strain OEE1 harbors large repertoire 

of secreted and volatile secondary metabolites. Comparative genomics indicated that B. 

velezensis harbors a core genome endowed with PGP features and accessory genome 

encoding diverse secondary metabolites. GC-MS analysis of OEE1 VOCs and LC-HRMS 
analysis of secondary metabolites identified numerous molecules with PGP abilities or 

known to interfere with pathogen development. Moreover, B. velezensis OEE1 proved 

effective in protecting olive trees against Fusarium and Verticillium wilts in greenhouse 

experiments. Efficacy of OEE1 to suppress Verticillium wilt of olive tree was evaluated also 

under field conditions. This experiment revealed that B. velezensis OEE1 significantly 

decreased final mean disease severity index (FMS), percentage of dead plants (PDP) and 

area under disease progress curve (AUDPC) and reduced similarly microsclerotium density 

in the naturally infested soil. Our strategy provides an effective mean for isolation of 

biocontrol agents against recalcitrant pathogens and their genomic analysis provides 

necessary clues towards their efficient implementation as biofertilizers. 

 

--------------------------- 

 

Zaâgueri, Takoua. 2020. Molecular identification and characterization of viral 
species responsible for hard watermelon syndrome in Tunisia. Doctorate 
Thesis in Agronomic Sciences (Phytiatry), INAT, University of Carthage, Tunis, 
Tunisia, 100 pp. (Public Defense: 25 February 2020). 

 

The hard watermelon syndrome has been reported since 1994 in Tunisia affecting 

several highly productive regions of this fruit. It manifests as a chlorosis on the rind, and the 

presence of very hard white parts in the flesh making the fruit inedible and unmarketable. 

Since its existence, it has caused significant yield losses of up to 70%. To determine its 

etiology, symptomatic samples collected between 2005 and 2016 were selected. The rolling 
circle amplification allowed the determination, for the first time in Tunisia, of the infection 

of watermelon by the mastrevirus "Chickpea chlorotic dwarf virus, CpCDV". The complete 

genome sequence was submitted to the GenBank databases under accession number: 
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KX580024. This virus was detected by PCR in 84% of fruit and leaf samples collected from 

different regions and during different years. 

In order to identify viruses infecting fruits showing hard watermelon syndrome, 

RNAs extracted from symptomatic watermelon fruits were subjected to small RNA 

sequencing by Next Generation Sequencing (NGS). The results of the de novo assembly 

were able to identify three viruses: Chickpea chlorotic dwarf virus (CpCDV, Mastrevirus); 

Watermelon mosaic virus (WMV, Potyvirus) and a new virus of the genus Amalgavirus. The 

validation of these results by PCR and RT-PCR showed that only the CpCDV virus has been 

present in all the hard fruit samples. 
The "Koch's postulates" test realized by agro-infection using the infectious clone 

generated from 1.8 mer of the complete genome of CpCDV showed that this virus is capable 

of causing symptoms on fruits identical to those observed in the open field. These results, 

combined with those obtained by high-throughput sequencing, indicate that CpCDV is the 

etiological agent of the "hard watermelon syndrome". 

Surveys done on the emergence of CpCDV on new vegetable species have shown, 

for the first time in Tunisia, the infection of tomato with this virus. Sequencing of the 

complete genome revealed that it is the same virus strain identified from watermelon: 

CpCDV-A. The infectivity test performed on tomato plants by agro-infection, verified by 

PCR and molecular hybridization, demonstrated the ability of CpCDV to replicate in tomato 

leaf and fruit tissues. The fruits from these infected plants showed an anomaly in shape and a 
hardening of the flesh, recalling that of the hard watermelon syndrome. 

 

--------------------------- 

 

Chihaoui, Sabrine. 2020. Implementation of an integrated management for the 
eradication of the red palm weevil Rhynchophorus ferrugineus (Olivier, 1790) 
(Coleoptera: Dryophthoridae) on Phoenix canariensis Hort. ex Chabaud, 1882 
in Tunisia. Doctorate Thesis in Agronomic Sciences (Plant Protection), INAT, 
University of Carthage, Tunis, Tunisia, 156 pp. (Public Defense: 18 March 2020). 

 

The red palm weevil is considered one of the most destructive pests in the world. 
This is particularly the case in Tunisia where Rhynchophorus ferrugineus has destroyed the 

landscaping of the Tunis area. In this thesis, I tested the effectiveness of different control 

methods for this species. A rearing of the red palm weevil was carried out to study the 

morphology and biology of the pest and to carry out tests in laboratory and semi-natural 

conditions. The results outlined that larvae are the most damaging stage and the last larval 

stage weigh 330 times more than the L1. Early detection of the imaginal population with the 

trapping method is necessary before the application of control methods. The application of 

emamectin benzoate by endotherapy is effective in the control of R. ferrugineus but must be 

part of an integrated pest management approach that includes mass trapping systems. The 

results of the comparison of two types of Picusan® and classic red traps in Italy and Tunisia 

revealed the effectiveness of Picusan® traps and that the captured females are 2.8 times 

higher than the number of males. A mass trapping system, using Picusan® traps and a 
monthly application of chlorpyrifos ethyl sprays and an injection of emamectin benzoate 

every 6 months was effective in reducing damage to ornamental palms in the infested 

regions. In this thesis, I studied the migration and the persistence of the main active 

substances used in Tunisia to control R. ferrugineus. Emamectin benzoate is the most 
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persistent active substance since it was detected 5 months after injection. Thiamethoxam 

seems to be the least effective active ingredient. This work has also determined the toxicity 

on humans and the environment of the main insecticides used for chemical control against R. 

ferrugineus. Finally, the use of geographic information system (GIS) allowed us to manage 

the control of R. ferrugineus and provided useful information to stop the spread of the red 

palm weevil. 

 

--------------------------- 

 
Belaam-Kort, Imen, 2020. Study of thrips (Thysanoptera) in citrus 
orchards in Tunisia towards implementation of a rational management 

strategy against harmful species. Doctorate Thesis in Agronomic Sciences 
(Phytiatry), INAT, University of Carthage, Tunis, Tunisia. (Public Defense: 25 
June 2020). 
 

In Tunisia, although the damage caused by thrips has increased in recent years, the 
status of this insect in Tunisian citrus orchards remains unknown. This work focused on the 

inventory and abundance of citrus thrips, the population dynamics of the principal species 

and their damage on fruits, the study of the factors of thrips regulation and the proposal of 

the elements of a strategy of rational management of these insects. The study was conducted 

from 2015 to 2017 in 101 citrus orchards located in Bizerte, Cap-Bon and Mornag and a 

regular monitoring was carried out during 3 years in 4 orchards including two in Mornag and 

two in Bizerte. In total, 21 species of thrips have been identified of which 3 were dominant 

on citrus: Frankliniella occidentalis, Pezothrips kellyanus and Thrips major with 

respectively 65%, 24.52% and 10% of collected thrips. These thrips were been found on 

other plants close to citrus fruits, in particular Jasminum officinalis for P. kellyanus and 

Diplotaxis erucoides for F. occidentalis, suggesting a possible role of these plants in their 

life cycle. The highest densities of larvae and adults of F. occidentalis and P. kellyanus were 
recorded in the spring, at flowering and petal fall showing one generation per year. Thrips 

damage on all fruit types averaged 20% for all citrus species and orange varieties. Bergamot 

and lemon were the most susceptible to P. kellyanus species causing silver rings, while 

Maltese and Navel oranges were more affected by marbling due to F. occidentalis. With 

respect to the study of natural enemies, soil samples revealed that the most abundant 

predatory mite was Parasitus americanus reaching 43.44% of the total predatory mites, 

followed by Stratiolaelaps scimitus, Pachylaelaps imitans and Odontoscirus sp. High 

population densities of P. americanus and S. scimitus in the soil were directly correlated with 

a decrease in thrips abundance and fruit damage hence the idea of stimulating them by 

adding manure. This manure application had a positive effect on the predatory mite 

population, in particular for P. americanus, S. scimitus and Machrocheles sp. species; and 
thus, has affected the thrips population in the soil and probably resulted in reducing citrus 

thrips damage. As follows, to manage citrus thrips, it is recommended to add fresh bovine 

manure at a rate of 20-25 kg/tree during April in order to reinforce predatory mites in the 

soil, having a potential regulator of thrips. As treatments of the soil with toxic products 

should also be avoided in order to preserve this useful soil. It is also necessary to monitor the 

population level of thrips during flowering-petal fall. If the number of individuals is 1 to 3 

per 10 flowers, treatment with spinosad or terpenoid at doses of 40 ml/hl and 0,5 liter/hl 

respectively is recommended; the efficacy of these products have been tested in our study. In 
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order to prevent thrips from spreading, chemical interventions against other citrus pests must 

be rationalized in favor of alternative methods as part of an integrated management strategy. 

 

--------------------------- 

 

Ben Khedher, Hassib. 2020. Faunistic and systematic studies on Tunisian 
species of Crabronidae (Insecta: Hymenoptera). Doctorate Thesis in Plant 
Protection, Faculty of Agriculture, Ataturk University, Erzurum, Turkey, 254 
pp. (Public Defense: 9 July 2020). 

 

Purpose: This study is a faunistic and systematic study conducted in 2017-2019 in 

order to determine Crabronidae species in Tunisia. 

Method: Crabronidae species were collected from different localities of Tunisia and 

identified to species or subspecies level. For identified species, genera, tribus and 

subfamilies different keys of identification were established. Morphological characters of 

identified species having taxonomic and systematic importance were described and 

illustrated by digital photographs. Synonymy, geographical distribution in Tunisia and in the 

world of each determined species and other information about the species were given. 

Findings: As a result of this research, seven species of two genera belonging to 

Astatinae subfamily; 18 species of nine genera belonging to Bembicinae subfamily; 59 
species and subspecies of 16 genera belonging to Crabroninae subfamily; five species of 

three genera belonging to Pemphredoninae subfamily and 31 species and subspecies of four 

genera belonging to subfamily Philanthinae are identified. In total, 120 species and 

subspecies belonging to 34 genera of Crabronidae family are recorded. Among them, two 

genera Psammaecius Lepeletier 1832 and Philanthinus de Beaumont 1949 and 30 species 

and subspecies were newly recorded for Tunisia. 

Results: In this study, Crabronidae species were determined in Tunisia, some 

information about their distribution and ecology were collected and biological richness of the 

country was revealed. 
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