
INTRODUCTION 
 
Atlas cedar, Cedrus atlantica (Endl) G. Manetti 

ex Carrière, is an endemic species of North Africa. 
It is an essence that has always aroused a signifi-
cant interest because of its numerous forestry 
qualities such as the maintenance of a biological 
balance, its low flammability, production of a 
good quality wood (M’hirit, 1982).  Genetic ana-

lyses indicated that there are two major subpopu-
lations: one in the Rif and Middle Atlas Mountains in 
Morocco and the other in the Algerian Tell Atlas and 
the Aures Mountains (Linares et al., 2011). 

In recent years, this species is threatened by 
the decline in its optimal development area. The 
factors can be multiple and the risks seem to be 
assigned to the climate (decrease of the water bal-
ance, increase in temperature, drought, etc.) (Sli-
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This study aims to assess the diversity and distribution of fungal mycoflora developing on 
Cedrus atlantica (Endl) G. Manetti ex Carrière needles in three sites in the Belezma National 
Park (Biosphere Reserve, Northeast - Algeria). Three sites were sampled according to a cedar 
decline gradient, these are the massifs of: Telmet (healthy site), Boumerzoug (moderately de-
pressed) and Tougurt (decayed site). Polymerase chain reaction (PCR) molecular analysis, 
allows identifying 19 endophytic mycotaxa. All the identified species have a weak occurrence 
frequency (less than 25%). In terms of specific richness, the moderately depressed site (Bou-
merzoug) homes the largest number of taxa (S = 17), followed by healthy site of Telmet (12 
taxa), while the depressed site of Tougurt was the least populated (8 taxa). The hierarchical 
classification analysis (HCA) showed that the taxonomic composition of endophyte associations 
differs clearly from one site to another according to the cedar decline. The clustering representing 
healthy massif brings 2 species which are demanding phytoparasitic endophytes (Fusarium sp. 
and Xylaria sp.). The group associated to moderately depressed site hosts 7 taxa with a wide 
ecological valence, such as: Canariomyces notabilis, Canariomyces vonarxii, Chaetomium ae-
gilopis, Coniolariella hispanica and Penicillium kubanicum. Then, mycoflora group noted in 
the decayed cedar includes 10 taxa, in particular, saprophytic mycotaxa relatively less demanding 
with a high ecological valence like: Biscogniauxia mediterranea, Alternaria arborescens, A. 
tenuissima and three species of Chaetomium genus. The mycotaxa distribution is related to the 
specific conditions of colonized trees. Taxa specific to healthy and decayed massifs would rep-
resent bio indicators of the phytosanitary and ecological conditions of colonized cedars. 
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mani et al., 2014; Mouhli et al., 2018). Grazing, il-
legal logging and pollution also influence the sus-
tainability of Atlas cedar (Taleb et al., 2016). Other 
factors that trigger and aggravate this decline are 
exclusively biotic, especially insect pests and phy-
topathogenic fungi (Kherchouche et al., 2013). The 
most affected region in Algeria is the Belezma For-
est (Aures, Batna), where the situation is accentu-
ated in the last years (Bentouati, 2008). 

The Atlas cedar needles can be colonized by en-
dophytic, saprophytic and pathogenic fungi. Endo-
phytic fungi are all organisms inhabiting plant or-
gans that at some time in their life can colonize 
internal plant tissues without causing apparent harm 
to the host (Petrini, 1991). In fact, many endophytic 
mycotaxa are asymptomatic, while others can 
change their trophic behavior, in particular to a sa-
prophyte with the natural evolution related for 
example to the physiological seasonality of their 
host plants (senescence, end of biological and or-
ganic residues composition); but they can also be 
in phytopathogenic state, thus generating symptoms 
and/or signs (externalization by sporulation) and in 
this case, they are also quiescent or latent pathogens 
(Romero et al., 2001; Schulz & Boyle 2005). 

Otherwise, endophytic fungi are taxonomically 
and ecologically heterogeneous organisms. The 
number of taxa isolated from a host species is 
usually large; they are specific for the host species, 
but species composition and frequencies are sig-
nificantly affected by site-specific conditions (ex-
posure, soil type, etc.). In addition, the relative 
importance and number of endophytic species 
vary among individuals in the sites (Petrini et al., 
1992). 

Several studies have been devoted to endophytic 
fungi on the Pinaceae (Petrini et al., 1992; Sieber 
et al., 1999; Ganley & Newcombe, 2006; Ladjal et 
al., 2013), but few studies have been dedicated to 
the mycoflora associated with C. atlantica (Har-
zallah et al., 2009; Bensaci et al., 2015).  

This study aims to describe the different endo-
phytic fungal species associated with Atlas cedar 
needles in the forest massifs of the Belezma Na-
tional Park (Biosphere Reserve, Batna North-eastern 
of Algeria) using Polymerase chain reaction (PCR) 
molecular analysis. We also plan to highlight the 
assembly of endophytes groups developing on the 
Atlas cedar, depending on decline degree of sub-
jects. This will deduct the relationship between fun-
gal diversity and the health of C. atlantica. 

MATERIAL AND METHODS 
 

Study area and sampling sites  
Three cedar forests of C. atlantica at the Be-

lezma National Park, which is located in the semi-
arid bioclimatic stage with cold winters and altitude 
variations, were sampled. The three explored sites 
contain relatively the same floristic composition; 
C. atlantica, Quercus ilex and Juniperus oxycedrus: 
(i) a cedar in the Telmet Massif (relatively healthy 
site: 35° 35’ 21’’ N, 6° 02’ 06’’ E, altitude 1740 m); 
(ii) a cedar in the Boumerzoug Massif (moderately 
depressed site: 35° 35’ 32’’ N, 6° 05’ 11’’ E, altitude 
1510 m) and (iii) a cedar forest in the Tougurt massif 
(decayed site: 35° 34’ 38’’ N, 6° 03’ 24’’ E, altitude 
1480 m) (Figure 1). 

The degree of decline in the three sampled sites 
was defined with naked eye taking into account the 
number of Atlas cedar decayed per site: the cedar 
is considered healthy when more than 80% of the 
trees are healthy; it is moderately depressed when 
the rate of decayed trees is between 50% and 80% 
and is considered to be decayed when more than 
80% of the cedars are depressed. 

 
Sampling and treatment of Atlas cedar needles  

Needles of different ages of C. atlantica were 
sampled from 15 trees in April 2013 and from 27 
trees in March 2015. Guo et al. (2008) demon-
strated that the extent of endophytic leaf coloniza-
tion for some Pinaceae follows a seasonal pattern; 
infection is most significant during the spring and 
fall season. 

A total of 10 needles were selected from each 
sampled tree and randomly collected at the height 
of the person (1.5 to 2.0 m) on trees and are placed 
in sterile paper bags. A total of 420 needles were 
collected, 140 needles in each site (150 in 2013 and 
270 in 2015). All these sampled needles were stored 
in the laboratory at a temperature of 4 °C, waiting 
to be examined within 24 hours (Khan et al., 2007). 
The surface was sterilized according to the method 
of Helander et al. (1994) modified by Bensaci et al. 
(2015); that showed its effectiveness in disinfecting 
the needles surface. Briefly, the needles were first 
treated with ethanol (95%) for 2 minutes, then with 
sodium hypochlorite (NaOCl, 3%) for 3 minutes 
and finally with ethanol (95%) for 30 seconds. Each 
treatment was rinsed with distilled water. After dry-
ing them with sterile blotting paper, needles were 
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Figure 1. Localization of the 3 sampling sites in the Belezma National Park (north-east Algeria).

cut into 2 to 4 mm and were placed in Petri dishes 
containing Sabouraud medium supplemented with 
two antibiotics (Gentamycin and Chloramphenicol) 
to inhibit the bacterial growth. Five to six segments 
were deposited per dish; then they were incubated 
at 28 °C (Pimentel et al., 2006; Khan et al., 2010).  

Petri dishes were incubated at 28 °C in the dark 
and were examined every day during the colony 
development (Pimentel et al., 2006). Pure cultures 
were prepared from the original mycelia which 
grew from the needle segments by transferring 
them to Petri dishes with Sabouraud or Malt 
medium without antibiotics. Then they were con-
served to be identified. 

 
Polymerase chain reaction (PCR) molecular 
analysis   

The fungal isolates were grown in 30 ml of Po-
tato Dextrose broth (Sigma-Aldrich) in 100 ml coni-
cal flasks statically at 25 °C. Using a small sieve, 
the fungal mycelia were harvested and then rinsed 
with sterile water, carefully blotted and dried with 
filter paper and finally frozen at -20 °C. For the 
DNA extraction, the frozen fungal mycelia were 

snap frozen in liquid nitrogen and ground using mor-
tar and pestles. DNA was isolated from the ground 
fungal mycelia with DNeasy Plant Mini Kit 
(Qiagen). The Internal Transcibed Spacer (ITS) re-
gion was amplified using general primers ITS1 and 
ITS4 (White et al., 1990). Each reaction contained 
1 x PCR Buffer (containing 1.5 mM of MgCl2), 0.2 
mM each dNTP, 0.2 µM of each primer, 1 U of 
DNA Taq polymerase (Promega, UK) and 2 µl of 
template DNA. The PCR mix was adjusted to a final 
volume of 25 µl with water. The program used for 
amplification of the ITS region was: 95 °C for 3 
min; 35 cycles of 94 °C for 30 s, 55 °C for 30 s, 72 
°C for 1 min. The final extension was carried out at 
72 °C for 10 min. PCR products was visualized by 
electrophoresis on 1.5 % agarose gel. Amplified 
samples were purified with Qiaquick PCR Purifica-
tion Kit (Qiagen) and quantified using a Nanodrop 
ND-100 spectophotometer (Nanodrop Technologies, 
Wilmington, DE). PCR products were adjusted to 
the required concentration and sequenced by Mac-
rogen Europe with the ITS1 primer. Sequencing re-
sults were compared with databases in GenBank 
using the BLAST tool with the algorithm ‘blastn’. 



Data analysis   
The diversity of endophytic communities re-

corded was expressed by the total species richness 
“S”, estimated by the total number of species/taxa 
identified in each studied site (Magurran, 2004). 

The occurrence frequency was calculated for 
each species/taxa by the percentage of the number 
of records containing the species/taxa (i) in the total 
number of records (N) (Magurran, 2004). Four oc-
currence groups were defined according to the oc-
currence frequency (Bigot & Bodot, 1973): very 
accidental group (VA) where occurrence frequency 
is less than 12.5%, accidental group (AC) where 
occurrence ranges between 12.5 and 25%; the com-
mon group (CM) is present in more than 25 to 50% 
of the carried surveys and the constant group (CN) 
is present in more than 50% of the samples. 

In order to describe the different endophytes as-
semblages and their relationship with the decline 
state of cedar trees, a hierarchical classification 
analysis (HCA) with complete linkage (hierarchical 
clustering) was used considering the presence/ab-
sence of identified species/taxa per needle and per 
cedar decline scale. Starting by considering each 
species/taxa as a class, we try to merge two or more 
appropriate classes (depending on the similarity) to 
form a new class. The process is iterated until all 
species/taxa are in the same class. This classification 
generates a tree that can be cut at different levels to 
obtain a greater or lesser number of classes (Lebart 
et al., 1997). The statistical test was performed by 
the software XLSTAT (2010). 

 
 

RESULTS 
 
Based on the phylogenetic analysis, we found 19 

species/taxa on 34 strains of fungal endophytes iso-
lated from C. atlantica needles (Table 1). These taxa 
are distributed over 5 families, 5 orders and 3 differ-
ent classes. The Sordariomycetes class is the most 
represented taxa with 13 species/taxa (Table 2). 

According to the presence/absence of taxa in 
each studied site, Boumerzoug site (moderately de-
pressed) records the highest species richness with 
17 taxa; Telmet site (healthy) recorded 12 taxa and 
8 taxa were identified in Tougurt cedar forest (de-
pressed site) (Table 2). 

Among the nineteen fungal taxa inventoried, the 
endophytic mycoflora is represented by 7 taxa re-

corded at the three studied sites. These taxa are: Al-
ternaria arborescens (Simmons E.G. 1999), Alter-
naria sp., Chaetomium grande (Kunze, 1817), C. 
senegalense (Ames L.M., 1963) (= Ovastospora 
senegalense), Chaetomium sp. (Kunze, 1817), 
Pleosporales sp. and Biscogniauxia mediterranea 
(Kuntze, 1891). Among the 420 examined needles, 
most taxa are with very accidental to accidental oc-
currence. Only Alternaria arborescens species was 
noted with constant frequency of 26.72 % and con-
sidered of common occurrence (Table 2).  

Clustering dendrogram established by the hier-
archical classification analysis shows differences 
in the fungal microflora distribution on C. atlantica 
needles. Indeed, the HCA results reveals three 
clusters grouped according to their presence on the 
cedar needles and its decline degree (Fig. 2). 

The cluster representing the endophytes group 
associated to the decayed site contains the largest 
number of taxa (10 taxa), such as: Biscogniauxia 
mediterranea, Pleosporales sp., Alternaria arbo-
rescens, A. tenuissima (Wiltshire S.P., 1933), Al-
ternaria sp., Chaetomium grande, C. senegalense 
(Ovastospora senegalense), C. strumarium (Rai 
J.N., 1964), Chaetomium sp. and Stolonocarpus gi-
gasporus (Wang et al., 2019). The moderately de-
pressed site records a cluster which regrouped 7 
taxa: Byssochlamys verrucosa (Samson & Tansey, 
1975), Canariomyces notabilis (Arx, 1984), Cana-
riomyces vonarxii, Coniolariella hispanica (Checa 
J., 2008), Chaetomium aegilopsis, Rosellinia aus-
tralis (Saccardo, P.A., 1882) and Penicillium ka-
bunicum (Baghdadi, 1968). The healthy site hosts 
the less diversified mycoflora group including only 
2 taxa: Fusarium sp. and Xylaria sp. (Fig. 2). 

 
 

DISCUSSION 
 
The Atlas cedar of Belezma National Park hosts 

a fairly diverse range of fungal endophytes devel-
oping on its needles. The taxa identification was 
carried out at the species level as much as possible. 
In fact, among the 19 inventoried taxa, only 14 en-
dophytes were determined up to the species. In the 
same studied area, Bensaci et al. (2015) have ident-
ified only 6 species out of 17 taxa. Harzallah et al. 
(2009) determined only 3 species out of 20 taxa. 
However, the inventory of our identified species 
presents several differences compared to the sys-
tematic lists established by the authors cited above. 
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Indeed, our observations led to the identification of 
14 species not mentioned by these authors. How-
ever, they did also mention 28 taxa not identified 
in our study: 16 mycotaxa by Harzallah et al. (2009) 
and 12 by Bensaci et al. (2015). This would be re-
lated to the fact that the method used here (PCR) is 
more precise than that used in old studies which 
are only based on the microscopic observations of 

the hyphae morphological characters (partitioning, 
coloring) and the reproductive forms (fructifica-
tions, forms and spore colors) with reference to La-
nier et al. (1978) identification keys. 

This study showed that most of the isolated en-
dophytes belong to the class Dothideomycetes and 
Sordariomycetes which constitutes the major part 
of mycoendophytes associated with woody plants. 
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These same classes represent more than 75% of 
isolated endophytes going from arctic regions to 
tropical area (Arnold & Lutzoni, 2007). 

The fungal endophytes colonization marked dif-
ferences between sites; this may be attributed to 
several factors which are in the majority of the site 
origins such as relief, altitude of site, hygrometry, 
as well as edaphic condition (Harzallah et al., 2009). 
Similar results were obtained for other Pinaceae 
trees (Sieber et al., 1999). 

Spring period reflects a determining physiologi-
cal status for Atlas cedar, according to Helander et 

al. (1993), marked by defoliation and the budding 
of new needle rosettes. Infection is high during this 
growing season for Atlas cedar, which is thus more 
susceptible to infection. 

In terms of mycotaxa diversity the Boumerzoug 
site (moderately depressed) shelters the largest taxa 
number (17) than in healthy and depressed sites (12 
in Telmet and 8 taxa in Tougurt). In fact, the mod-
erately depressed cedar massif represents a mixture 
of healthy and decayed trees where fungi find large 
and favorable conditions for their development. The 
tree population density may be implicated in needles 
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Figure 2. Hierarchical classification analysis HCA representing fungal endophytes associations in three Cedrus atlatica 
sites of Belezma National Park (Algeria), according to the decline degree. 
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infection variations. Boumerzoug site recorded an 
important population density of C. atlantica with a 
large area; on the other hand, the Tougurt station is 
characterized by sparse vegetation which was con-
firmed by Harzallah et al. (2009).  

According to Deckert (2000), needle age is a 
determinant factor of endophyte infection. Adult 
needles are more infected by fungi. The influence 
of the age of tissues on frequency and species com-
position of endophyte assemblages has been re-
ported in several studies (Harzallah et al., 2009). 
This parameter was not taken into consideration 
during our sampling. 

Otherwise, the endopyhytes distribution in the 
cedar forests analyzed by the HCA allowed ident-
ifying three groups each associated with one of the 
three decline levels in studied cedar forests. Indeed, 
the first cluster representing Telmet site, where the 
trees are healthy, is the shelter of specific taxa with 
restricted ecological valence reflecting the good 
health of trees. This cluster is particularly composed 
of phytoparasitic taxa, such as Xylaria and Fusarium. 

Xylaria endophytes were isolated from leaves 
and seeds of two trees species in Puerto Rico, Casu-
arina equisetifolia (Australian pine) and Manilkara 
bidentata (Ausubo) (Bayman et al., 1998), and from 
Eastern white pine (Pinus strobus) needles (Deckert 
& Peterson, 2000; Richardson et al., 2014). Also, 
within these endophyte taxa associated with healthy 
trees is known to be weak to strong parasite on 
woody plants (Ramesh et al., 2012).  

The endophytic form of Fusarium was also iso-
lated from the roots and foliage of herbaceous plants 
belonging to the Fabaceae and Poaceae families 
(Boyle et al., 2001), but also from the needles and 
scales of Pinus strobus (Deckert & Peterson, 2000). 
Although, the colonization of the leaf tissues is 
more discreet and highly localized. Many Fusarium 
species are associated with wilt diseases and canker 
(Stone et al., 2004) and also known as phytopa-
thogens (Smahi, 2008). 

Regarding the second cluster grouping together 
the taxa (7) associated with moderately depressed 
site (Boumerzoug), all the listed taxa have a wide 
ecological valence supporting the ecological varia-
bility conditions (generalist species, not indicators). 
We can cite Penicillium fungi which are common 
in the environment and may be responsible for great 
degradation (Samson et al., 2004); they have been 
isolated from the needles and root parts of Picea 
abies (Holdendrieder & Sieber, 1992) and of Pseu-

dotsuga menziesii, Pinus ponderosa and P. monti-
cola (Ridout et al., 2017). Also, Coniolariella his-
panica was isolated as an endophyte from leaves 
of Eryngium campestre on the Iberian Peninsula 
(Checa et al., 2008). The species of Canariomyces 
such as Canariomyces notabilis were isolated from 
litter Spain Phoenix canariensis (Spain) in the sa-
probe form, and Canariomyces vonarxii from dried 
flower of Hibiscus (Sudan) (Mehrabi et al., 2020). 
Also, we have determined in this group Byssoch-
lamys species, capable of producing mycotoxins 
(Beuchat & Rice, 1979). 

However, the third cluster representing Tougurt, 
marking a massive degradation of the Atlas cedar 
landscap, is the richest site hosting saprophytic my-
cotaxons (10 taxa) with wide ecological valence and 
opportunistically taking advantage of cedar weak state 
(good indicators of cedar advanced decline state). In-
cluding Alternaria sp. cited as an endophytic fungal 
by Elgorban et al. (2019). Our results corroborate 
with those of Messiaen et al. (1991), who showed 
that Alternaria could lead a saprophytic existence for 
long or short periods. Some species such as A. char-
tarum, A. consortiale and A. tenuis have mostly sa-
prophytic habitat and are commonly found on organic 
debris or dead vegetation. Other endophytic fungi be-
longing to the order Pleosporales may be epiphytes, 
endophytes or parasites on leaves and live stems 
(Zhang et al., 2012). Most species are saprophytes 
on decaying plant matter (Shearer et al., 2009). 

Although, Biscogniauxia mediterranea is well 
known as the causal agent of charcoal canker in 
Cork oak (Quercus suber L.) (Santos, 2003), this 
fungus can live as an endophyte in all the aerial or-
gans of the oak plants and can act as an opportun-
istic pathogen when the hosts suffer prolonged 
periods of stress. In those conditions, B. mediterra-
nea can rapidly colonize the xylem and bark tissues, 
induce necrosis and canker formation, accelerate 
tree decline and eventually death (Linaldeddu et 
al., 2011). This explains the presence of this species 
in the decaying cedar, where it finds a favorable 
environment, tree decline (weakness), allowing this 
type of fungus to spread easily. 

Chaetomium species are found worldwide in 
soil, dung, or decaying plants and known as wood 
rot agent (Samson et al., 1984). Most known species 
of Chaetomium taxa are prolific producers of cel-
lulase, an enzyme that degrades cellulose and shows 
a strong ability to destroy materials (Miller & 
McMullin 2014).  



This study highlighted the qualitative and quanti-
tative composition of mycoflora associated to Atlas 
cedar phyllosphere and the distribution patterns of 
endophytes taxa considering a decline gradient. 
Atlas cedar is a reservoir of a relatively wide range 
of fungal, pathogenic or saprophytic endophytes. 
Species groups tend to prefer one sanitary state of 
the cedar forests over another. These endophytes 
groups can be considered as bioindicators of cedar 
forests health. We propose that future research’s 
concentrate on finding the mechanism of fungal in-
fection and ecophysiological responses of Atlas 
cedar according to decline degree and tissue age 
that would find biocontrol agents. 
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