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ABSTRACT 
Date palm (Phoenix dactylifera L.) is a fruit tree with economic importance cultivated in several oasis spread over the Algerian Sahara 

regions where the climate is hot and dry. This harsh environment has already shown to contain spontaneously plant-colonizing 
microorganisms with biocontrol and plant growth stimulating properties. The present study analyses for the first time, the community of 

roots endophytic fungi of date palm originating from three groves localized in Adrar province (Southeast of Algeria). Eighteen samples were 

taken from six randomly selected palms for each palm groves. Samples were aseptically collected from the youngest secondary roots.A total 
of 460 fungal isolates were obtained from 1800 fragments of roots, were affiliated to ten taxa according to a morphological identification. 

Most of the isolates were obtained from Tamentit groves growing in salt stress conditions. The other isolates were recorded from date palm 

trees affected by bayoud disease and from healthy trees. The dominant fungal endophytes were Fusarium sp. (30.9%) followed by 
Aspergillus terreus (15.4%). Four dominant isolates were tested for growth promotion of wheat via in vitro solubilization of phosphorus and 

production of indole acetic acid (IAA) and hydrocyanic acid HCN. Seeds sprouts were confronted directly with mycelium growing 

endophtes tested to ensure good root colonization. Chaetomium sp. and the species showing morphological characteristics of 
Botryosphaeriaceae increased significantly length, fresh and dry weight of the aerial and root parts of wheat. However, Fusarium sp. And 

Aspergillus terreus significantly decrease these parameters, despite, they produce more secondary metabolites. The importance and 

biological activity of the selected fungus was discussed. This study highlights the fungal diversity and the plant promotion potential of 
endophytes recovered from date palm of Algerian Sahara, and suggests extending investigation in such harsh environment, as a potential 

source of interesting microorganisms in the context of sustainable agriculture development. 

 

KEYWORDS: Date palm, root endophytic fungi, growth promotion, metabolite production. 

 

INTRODUCTION 

 

Algeria is a phoenicicole country ranked sixth in the world and first in the North Africa region for its large 

areas of date palm culture with 169.380 ha, reaching a production of more than 5000 tons per year [8]. Date 

palm is established in several oasis spread over the Saharan regions of the country where the climate is hot and 

dry. Among these regions, date palms cultivated in Adrar area are affected by several abiotic and biotic stresses 

such as drought, salinity and Fusarium oxysporum f.sp. albedinis; the causal agent of bayoud disease.  

http://www.aensiweb.com/aeb.html
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Despite these unfavorable conditions, palm trees survive and show adaptations factors. In another hand, 

endophytes are known for their colonization ability of internal tissues of plants, especially leaves, branches, 

stems and roots without causing disease in their hosts [35]. This interaction involves metabolic exchanges 

between the host and the endophyte. Therefore, they play an important role in host protection against pests and 

plant pathogenic organisms [42]. Endophytes also induce resistance of the plants by producing mycotoxins and 

alkaloids; and may even be responsible for adapting their host to environmental stress [39]. Gomez-Vidal et al. 

[21] studied the endophytic colonization of date palm leaves by entomopathogenic fungi. Later, these authors 

focused their study on proteomic analysis of date palm responses to endophytic colonization by the 

entomopathogenic fungi Beauveria bassiana, Lecanicilliumdimorphum and Lecanicillium c.f. psalliotae [21]. 

Another study conducted by Ben Chobba et al. [6] was focused on endophytes of roots and leaves of healthy 

Tunisian date palm trees characterized a collection of fungi with potential plant growth effects. El Deeb and 

Arab [17] isolated and identified some endophytic fungi from healthy leaves and roots of Egyptian date palms. 

A species belonging to Acremonium sp. has shown to induce antagonistic effects both in vitro and in date palms 

seedlings to an aggressive strain of Fusarium oxysporum f.sp. albedinis recovered in Algeria. Furthermore, the 

use of the benefices agents originated from the same ecological niche with a mutualistic and symbiotic life with 

the pathogens and the plants appears to be one of the most effective approaches to obtain new generation of 

biopesticides and biofertilizers [45]. Schulz et al., [42] have found endophytes as a novel source of various 

kinds of bioactive secondary metabolites. Harsh environments such as arid soils of the Sahara desert have shown 

to contain microorganisms which spontaneously colonize plants in this desert environment as endophytes 

exhibiting effective biocontrol and plant growth stimulating properties [22, 23]. This stimulation has been 

frequently associated to the ability of these strains to produce phytohormones, mainly auxins [22]. In addition, 

some strains of endophytic fungi like Phaeosphaeria sp., Neurospora crassa [37], Cladosporium sp. MH-6 [25], 

Aspergillus fumigatus [26], Penicillium funiculosum [27], and Chaetomium globosum LK4 [28] have shown to 

produce a variety of physiologically active gas. Recently, Yaich et al., [47] designed to isolate and characterize 

endophytic bacteria endemic to date palms and to identify some of the mechanisms that these bacteria may use 

in facilitating date palm growth in saline environments. Siala et al., [43], focused their work on the diversity of 

the cultivable endophytic bacterial microflora of both roots and leave of healthy Tunisian palm trees Phoenix 

dactylifera L., and characterized their potential biological activities. In the present study, we aimed to 

investigate for the first time fungal endophytes of date palm in oasis of Algeria. These places are almost extreme 

environments seem to be promoters to isolate and to collect fungi producing beneficial substances. After having 

a collection of strains; a screening using a biological test is necessary to achieve new molecules involved in 

biological processes of the environment. In this context, groves of Adrar province (Southeast of Algeria) were 

selected to sample roots of date palms in order to have a collection of endophytics fungi tolerant to high 

temperature, drought and salt stresses which are characteristic of the Sahara desert environment. Our work first 

focused on the isolation and the identification of the endophytic fungi collected from roots of three date palms 

groves of Adrar province which are characterized by different environmental effects. One palm grove is under 

high salt stress (10 to 39.7 Ds.m-1) [13]. The second is infected by Fusarium oxysporum f.sp. albedinis, however 

the third one is a healthy grove. After the initial results, we screened the most dominant fungi for their in vitro 

potential to produce some secondary metabolites related to plant growth promotion and for in pot growth and 

development of wheat. 

 

MATERIALS AND METHODS 

 

Isolation and identification of root endophytic fungi from date palms: 

Sampling: 

Three palm groves located in Adrar province (southeast of Algeria) were subject to sampling of date palm 

roots. Two groves were located in the center of Adrar, among of which one is infected by bayoud disease 

(0°25'26.32" W, 27°57' 21.01" N, Alt =234 m) and the other is healthy (0° 25' 18.56" W, 28°00'22.85" N, Alt= 

239 m). The third grove situated in Tamentit area (0° 16' 18.68" W, 27°45'43.70" N, Alt = 237 m), were 

characterized by high salty soil conditions (soil conductivity varying between 10 to 39.7 Ds/m).  

A total of eighteen samples were taken from six randomly selected palms for each palm groves. Samples 

were aseptically collected from the youngest secondary roots with their rhizospheric soil in order to avoid 

drying, than stored at 4°C until use.  

 

Isolation of root endophytic fungi:   

The isolation was conducted as described by Maciá-Vicente et al. [29]; with some modifications regarding 

palm roots nature. Root samples were first washed under tap water and then rinsed at least three times with 

sterile distilled water (SDW). Roots were then surface-sterilized in 3% (v/v) NaOCl with 0.02% (v/v) Tween 20 

for 3 min and successively rinsed in SDW for 3, 2 and 1 min. After that, samples were blotted dry in sterilized 

filter paper before being cut into pieces of 0.5-1 cm long. A total of 1800 root pieces (600 from each palm 



20                                                             Fadila Mohamed Mahmoud et al, 2016 

Advances in Environmental Biology, 10(11) November 2016, Pages: 18-26 

 

groves) were plated on malt extract agar (MEA) amended with 1µg·ml-1 chloramphenicol, 1µg·ml-1 Triton X-

100 and incubated in darkness at 25 °C for ten days. Fungal colonies developing from roots fragments were sub-

cultured individually on potato dextrose agar (PDA, Oxoid, Hampshire, UK), then stored in the culture 

collection of Phytopathology Laboratory of Biotechnology department of Blida 1 University (Algeria) until use. 

Efficiency of the surface sterilization was tested by imprinting a subset of samples onto MEA before 

plating. Since no colonies were developed from root imprints, the surface sterilization protocol was considered 

to be adequate for the isolation of endophytes from palm roots.  

 

Identification of fungal root endophytes: 

Fungi were identified from colonies growing on PDA. Cultures were examined periodically according to 

the general aspect of the colony and reproductive structures (color, diameter growth and fructification) for 

morphological identification as described by Watanabe [50] and Ellis et al. [18]. Finally, the fungal isolates 

were grouped into taxa and affiliated to species, genus, order or family following their morphological features. 

 

Evaluation of the growth promoting ability: 

Among the dominant fungal endophytes isolated from date palm identified in the first part, four isolates, 

which were already described in the literature as potential producer of many secondary metabolites, were 

evaluated for their growth promotion of wheat. Concurrently, production of some secondary metabolites 

involved in the growth promotion such as indole acetic acid (IAA), hydrocyanic acid (HCN) production and 

solubilization of phosphorus (P) were also investigated. 

 

Indole acetic acid production (AIA): 

Luria-Bertani medium enriched with tryptophan (LBT) [10] was used for the evaluation of the IAA 

production. A nitrocellulose membrane of 4 cm diameter was deposited directly on the LBT medium and 

mycelial discs were placed on this membrane with three replicates for each isolate. After 2 to 5 days, the 

nitrocellulose membrane was placed on Whatman paper of 9 cm in diameter impregnated with 2.5 ml of 

Salkowski reagent (mixture of 2% FeCl3 0.5 M with 35% solution of perchloric acid) on a glass Petri dish. After 

10 to 30 min, a positive reaction of IAA production is indicated by the appearance of a red to brown halo around 

the fungal colony. 

 

Production of hydrocyanic acid (HCN): 

The ability to produce hydrocyanic acid by isolates has been assessed by using the method of Bakker and 

Schippers [5]. Each isolate was cultured in PDA medium supplemented with glycine. A filter paper of the same 

diameter of Petri dish impregnated with a yellow color solution (0.5% picricacidand20% calcium carbonate) 

was deposited in the lid of each Petri dish sealed with parafilm and incubated in the opposite position at 30 °C. 

A daily check of the reaction is performed to determine the synthesis of HCN and the changing color of the 

filter paper from yellow to brown. The experiment was conducted in three replicates. 

 

Phosphorus solubilization: 

Phosphorus solubilization was carried out by sub-culturing mycelia disks in Petri dishes containing 

Pikovskaya dicalcium solid medium (PVK) supplemented with Bromophenol blue [36] and incubated at 30 °C 

for 7 days in three replicates for each isolate. Solubilization of phosphorus was revealed by the presence of a 

clear halo around the colony or a complete discoloration of the culture medium due to a decrease in the pH of 

the medium which is influenced by the secretion of organic acids and phosphatases. 

 

Pot experiment: 

Seeds of durum wheat (Triticum durum Desf) var. Waha were used in this study.Prior to use, mycelia discs 

of the fungal endophytic isolates were cultivated in PDA medium and incubated for seven days at 30 °C. 

According to Monfort et al. [32] disinfectedseeds (mixture solution of 5% NaOCl and a drop of Tween 20 for 

one hour with continuous agitation, then rinsed 5 times for five minutes) were germinated in PDA medium with 

or without fungal inoculums according to the treatments and incubated at30 °C. After 72hours of pre-

germination, seeds were aseptically transferred into pots containing 500 g of sterilized substrate (mixture of 2/3 

sand and 1/3 peat disinfected at 250 °C for 1 hour) and distributed at a rate of 32 seeds per treatment. The 

experimental assay was arranged in a complete block design and then kept in greenhouse conditions at room 

temperature. The Biostimulation effect of the endophytic fungi on wheat was evaluated by growth parameters 

related to the development of aerial and root parts (length, fresh weight and dry weight). The vigor index was 

also calculated as previously described by Abdul Baki and Anderson [1] using the following formula: Vigor 

Index (%) = (mean root length+ mean stem length) x Germination x 100. 

At the end of the experiment, three pots from each treatment were used to estimate the rate of the root 

colonization by fungal endophytes. Roots were rinsed with sterile distilled water to remove soil and disinfected 
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by dipping them in a 1% NaOCl solution for one minute followed by three rinses in SDW and let to dry under a 

laminar flow [29]. Roots were then cut into fragments of 1 cm and placed on a PDA medium supplemented with 

a drop of Triton at a rate of 10 fragments per dish in three replicates for each treatment with incubation at 30 °C. 

Root colonization was assessed daily during 10 days to determine the colonization rate, using the formula: 

Colonization rate (%) = (number of fragments colonized by endophytes) / (Total number of fragments 

incubated) × 100 [35] 

 

Data analysis: 

Isolation and pot experiment data were compared by the analysis of the variance (ANOVA) or the Kruskal-

Wallis test on ranks. Significant differences were determined using the Tukey honest significance difference test 

for multiple comparisons. The diversity indicators Shannon’s index (H’) and the Pielou’s evenness index (J) 

were calculated for the three palm groves. Similarity of fungal communities among all pairs of groves was 

calculated using the Jaccard coefficient. Comparison of the most widespread fungi was performed using the χ2 

test based on the counts of the isolates for the three palms groves. 

 

Results: 

Evaluation of fungal endophytes diversity: 

Eighteen samples of date palm roots were collected for isolation of endophytic fungi. From 1800 fragments 

incubated, 1331 were colonized by fungi and bacteria. A total of 460 endophytic fungi were isolated. Amongst 

these fungi, 235 isolates were obtained from palm roots of Tamentit grove which is under salt stress conditions, 

155 were obtained from roots of palms infested with bayoud disease and 70 were isolated from healthy palms.  

On the basis of the macro- and microscopic characteristics, the isolated fungi were affiliated to ten taxa 

(Table1). Most of the endophytic fungi were affiliated to Ascomycota (6 taxa) with an abundance of 

Sordariomycetes (3 taxa), followed by Eurotiomycetes (2 taxa) and Dothideomycetes (1 taxon). 

Sordariomycetes isolates were grouped into two orders: Hypocreales with 2 taxa and Sordariales with 1 taxon. 

Eurotiomycetes were represented by the Eurotiales order, whereas Botryosphaeriales order represents 

Dothideomycetes including 14 isolates related to Botryosphaeriaceae. Hypocreales order included the taxon 2 

and 3 with dominance of Fusarium oxysporum species (142 isolates). The second dominant taxon is taxon 1 

(Aspergillus terreus) with 71 isolates affiliated to the order Eurotiales followed by 56 isolates of taxon 6 

(Cheatomium sp.) related to order Sordariales. Taxon 4 harbors23 isolates of (Penicillium sp.) are from the same 

order of the taxon 1. In addition, according to the Table 1, Oomycota, Basidiomycota, Zygomycota seemed 

poorly represented: Oomycota were represented by 45 isolates of taxon 5 included in Pytiales order; while 

Basidiomycota were represented by Agaricomycetes, order Agaricales (taxon 7) with 5 isolates and Zygomycota 

(taxon 9) were represented with 2 isolates of Mortierellaceae as Mortierella sp. Finally, Taxon 10 grouped 85 

isolates which could not be identified and classified according to their morphological features.  

The data for the Shannon index (H ') were 2.51, 1.70 and 2.51, whereas Evenness Index (J) were 0.84, 0.85, 

and 0.79 for diseased, healthy and Tamentit groves, respectively. The analysis of the distribution, frequency and 

abundance of taxa shows differences in the levels of the community of root fungi between the three palms 

groves in the region of Adrar. The most important number of endophytic fungi originates from the palms of 

Tamentit (9 taxa) and the lowest (4 taxa) comes from healthy groves while bayoud infected palms grove 

contained 8 taxa. Four taxa (1, 2, 4, and 10) were isolated from the three palms groves. Three taxa (5, 6, and 7) 

come from the Tamentit and infected (bayoud disease) palms groves. Taxon 3 and taxon 9 appeared native to 

Tamentit palm, whereas taxon 8 were only isolated from palms groves infected with bayoud. 

 

Assessment of the growth promotion activity: 

Among the dominant fungi isolated from date palm, those which were already described in the literature as 

potential producer of secondary metabolites: Aspergillus terreus (B21410), Fusarium sp. (T2168), Chaetomium 

sp. (T1222), and the Botryosphaeriaceae (B2398), were subjected to analyse their ability to produce growth 

promotion-related compounds and their effects on some wheat growth parameters (Table1).Except the 

Botryosphaeriaceae (B2398), all the selected fungi have solubilized phosphorus. This solubilization is revealed 

by the apparition of a halo around the fungal colony of Chaetomium sp. (T1222) or by a complete change of the 

color medium of the colony of Aspergillus terreus (B21410) and Fusarium sp. (T2168). Promoting growth of 

the plants was inducted with hormone Indole Acetic Acid (IAA) produced by all the screened endophytes. They 

developed a red to brown coloration after 20 min to 30 min of incubation with Salkowski reagent. Hydrocyanic 

acid (HCN) production, expressed by a change in paper color from yellow to brown, was only observed for 

Aspergillusterreus (B21410) and Chaetomium sp. (T1222) with higher color intensity in the latter. 

As presented in Table 2, inoculation of durum wheat seeds with Chaetomium sp (T1222) and (B2398) 

Botryosphaeriaceae effectively increase the length and the weight (fresh and dry) of both the aerial and the root 

part of seedlings, compared to the control. These two isolates which expressed appreciable colonization rate 

(>50%), also improved germination (78.9% and 71.1%, respectively) and consecutively increase the vigor index 
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by more than 50% compared to the control. However treatment with Fusarium sp. (T2168) and Aspergillus 

terreus (B21410) induce a significant reduction of the recorded parameters with a high inhibition of the 

germination rate, who all expressed a drastic reduction of the vigor index by more than 80% when compared to 

control. 

 
Table 1: Total results of isolation and identification of roots endophytics fungi of date palms of Adrar province. 

Taxon Classification Taxonomic affiliation    Number of isolates Total 

 
 

 

infected  
grove with 

Bayoud 

disease 

Healthy 
grove 

 

Grove  
under salt stress 

conditions  

(Tamentit) 

 
1 

 
Ascomycota,   

Eurotiomycetes 

Eurotiales 

 
Aspergillus terreus 

 
9 

 
38 

 
24 

 
71 

2 Ascomycota, 

Sordariomycetes 

Hypocreales 
Nectriaceae 

 

Fusarium oxysporum 62 14 66 142 

3 Ascomycota, 

Sordariomycetes 

Hypocreales 

Nectriaceae 
 

Fusarium sp. 0 0 13 13 

4 Ascomycota,   
Eurotiomycetes 

Eurotiales 

 

Penicillium sp. 13 9 1 23 

5 Oomycota, 

Pythiales 

Pythiaceae 
 

Pythium sp. 30 0 19 49 

6 Ascomycota,   

Sordariomycetes 
Sordariales 

 

Cheatomium sp. 12 0 44 56 

7 Basidiomycota,   
Agaricomycetes, 

Agaricales 

 

Marasmiaceae 
 

2 0 3 5 

8 Ascomycota, 

Dothideomycetes 

Botryosphaerials 
 

Botryosphaeriaceae 

 

14 0 0 14 

9 Zygomycota, 

Mortierellaceae 
 

Mortierella sp 0 0 2 2 

10 ND ND 13 9 63 85 

 

   

Total  

 

 

155 

 

70 

 

235 

 

460 

  Shannon Index of 

Diversity ( H’) 

 

2.51 1.70 2.51 6.72 

  Index of Evenness  J 0.84 0.85 0.79 2.48 

 

ND: Not determined. 
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Table 2: Growth parameters effects of some endophytics fungi against durum wheat.  

 

Treatment 

 

Stem 

length 

(cm) 

 

Aerial  

part  (fresh  

weight) (g) 

 

Aerial part 

(Dry  

weight) (g) 

 

Root 

lenght 

(cm) 

 

Root 

Fresh 

weight 
(g) 

 

Root 

Dry  

weight 
(g) 

 

Vigor 

index 

 

Colonization 

rate (%) 

 

Control 

 

17.61b 

 

0.19b 

 

0.05c 

 

12.93c 

 

0.11b 

 

0.068b 

 

2155 

 

0 

 
Aspergillus terreus 

(B21410) 

 
4.36d 

 
0.06d 

 
0.01d 

 
3.23d 

 
0.02c 

 
0.01c 

 
164.54 

 
86.66 

 
Fusariumsp.  

(T2168) 

 
9.71c 

 
0.14c 

 
0.03d 

 
12.03c 

 
0.01c 

 
0.001d 

 
351.92 

 
60 

 
Botryosphaeriaceae (B2398) 

 
23.24a 

 
0.36a 

 
0.13a 

 
23.38a 

 
0.14a 

 
0.096a 

 
3315.61 

 
56.66 

 

Chaetomium sp. 
(T1222) 

 

23.15a 

 

0.32a 

 

0.09b 

 

19.63b 

 

0.15a 

 

0.097a 

 

3374.91 

 

63.33 

Values with the same letter in the same column are not significantly different at P = 0.05. 

 

Discussion: 

Through the study of the root endophytic environment of three date palms groves grown in the Algerian 

oasis of Adrar, surrounding conditions seem to influence the frequency and the diversity of endophytic fungi. 

Abundance of fungal endophytes was significantly higher (almost two to three folds) in the palm of Tamentit 

compared to the two other palms groves despite being under salt stress. In this grove the salty soil conditions, 

which is known to induce rots and change in root architecture of palm [13], could promote abundance of certain 

halotolerants fungi with potential benefit for the plant. No studies exist on endophytes of date palm in South of 

Algeria, but only few works was focused on soil microbial diversity in the Algerian Sahara and even saline soils 

[8]. Dendouga et al. [14] were interested to fungi of three saline lakes located in the north-eastern Algerian 

Sahara (Chott Merouane, and Melghir Tighdidine). In the world there is a lot of works on areas called extreme 

environment. Abdul Hafeez et al. [3] have reported for the first time the isolation of moderate halophilic fungi at 

Lake Dowmatal Jandal located in the arid northern region of Saudi Arabia. 

Species isolated in this study correspond to the endophytic classes 2-4 of non-Clavicipitaceous endophytes 

according to the general classification proposed by Rodriguez et al. [40]. These classes of endophytes are 

considered to play a significant role in the survival of some plants in highly stressed environment conditions 

[39]. A total of ten taxa belonging primarily to Ascomycota fungi (6 taxa), followed by Oomycota, 

Basidiomycota and Zygomycota were identified. The results were thus consistent with previous studies on date 

palms where a predominance of ascomycetes has been reported [6, 17]. The most abundant taxa isolated in the 

three palm groves were Fusarium oxysporum, especially in the diseased and Tamentit groves. Many Fusarium 

oxysporum species are important pathogens of several cultivated crops especially the forma specialis albedinis 

who causes wilting bayoud disease on date palms in North Africa notably in Algeria. However, some strains of 

Fusarium species are beneficial and can protect plants against phytopathogenic bacteria, fungi and viruses [16].  

The second most frequent endophytic species is taxon 1 (Aspergillus terreus), found in the three palms with 

a greater abundance in Tamentit grove. Aspergillus terreus is considered asan endophyte of grasses sea and 

mangrove [31, 49] and was also isolated by Abdullah et al. [2] in the mycobiota of soil from date palms growing 

in Elche, (Spain). 

Taxon 6 affiliates to Cheatomiumsp. was remarkably common in this study (56 isolates) with abundance in 

Tamentit (44 isolates) and absence in healthy palm groves of Adrar. Cheatomium is also one of the mycobiota 

isolated by Abdullah et al. [2]. Chaetomium species are reported to be widespread in soil and plant debris, where 

they are important agents of cellulose degradation [11], suppress growth of bacteria and fungi through direct 

competition, mycoparasitism and antibiosis [34, 30]. The Botryosphaeriaceae were presented by taxon 8 with 

14 isolates. This genus has been reported as an epiphytic fungus on mangrove [52], endophyte of cacao [41] as 

well as an endosymbiant in sponge [51]. Other species of this family are plant pathogenic, especially Lasio 

diplodia species [15] which cause several diseases in different parts of date palm trees including bending head, 

diplodia disease, leaf base and inflorescence rots [19,4]. 

In the second part of the study, since endophytes can establish a close relationship with their host plant and 

can thereby interact longer with them [24], we have investigated in vitro and in planta biofertilizer abilities of 

four dominants isolates, which were already described in the literature as potential producer of many secondary 

metabolites: Aspergillus terreus (B21410), Fusarium sp. (T2168), Chaetomium sp. (T1222), and 

Botryosphaeriaceae (B2398).  

All strains were able to solubilize the phosphorus except Botryosphaeriaceae (B2398) and synthesize 

indole acetic acid (IAA). Only Aspergillus terreus(B21410) and Chaetomium sp. (T1222) produce HCN. Thus, 

Chaetomium sp. (T1222) and Aspergillus terreus (B21410) who exhibit the high metabolic activity. Volatile 
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organic compounds (VOCs) produced by fungi have been extensively studied for their use as an identification 

character for the detection of fungi fostering the development and growth of crop plants with an indirect way 

[7]. 

Growth promoting experiment showed significant biostimulation of wheat growth, and seed germination 

compared to the control. This stimulation has allowed an increase in the vegetative shoot and the root biomass 

of durum wheat plants inoculated with Chaetomium sp. (T1222) and Botryosphaeriaceae (B2398) with an 

appreciable colonization rate, whereas Fusarium sp. (T2168) and Aspergillus terreus (B21410) induced a drastic 

inhibition of seed germination and decrease the vigor index. These results are in concordance with the in vitro 

screened capacity where Chaetomium sp. (T1222) exhibited phosphorus solubilization, IAA and HCN 

production abilities. 

The presence of Chaetomium sp. (T1222) and Botryosphaeriaceae (B2398) facilitates the seed germination 

and the proliferation of root hairs that potentially contribute to the absorption of nutrients by the host plant [38]. 

This can be explained by the fact that endophytes regulated the rate of ethylene in the roots favoring their 

production, start of germination for the lifting of the seed dormancy, and allowed an increase of the germination 

rate [48]. C. globosum was applied to the host-pepper plants and revealed significantly higher shoot growth, 

chlorophyll content, plant biomass and leaf area demonstrated by Khan et al., [28]. 

The effects of endophytes on plants can be negative, positive or neutral. The prevailing conditions control 

the nature of the plant-endophyte relationship.The negative results recorded during the inoculation of durum 

wheat with Fusarium sp.(T2168) and Aspergillus terreus(B21410) imply that it is not sufficient to show abilities 

to produce growth-related secondary metabolites for involving growth promotion capacities. The most important 

factors that determine the characters are genomic specificity of the two partners (plant and endophyte), stage of 

development, ecological and environmental conditions. An endophytic fungus that recorded positive effects on a 

variety, may respond negatively to another variety [33]. Recently benefic effects are obtained also by bacteria. 

Sebihi et al., [44] showed that the PGPR Pseudomonas fluorescens is interesting as inoculants biofertilizers to 

replace chemical fertilizers and pesticides for wheat. Suarni et al., [46] showed the increasing of the growth and 

yield of soybean by the mixture of indigenous biological agents.  

 

Attempts of the use of endophytic microorganisms in promoting growth of crops are of growing attention, 

but application of such biological treatment does not guarantee the establishment of a beneficial endophytism or 

improved performance. For this, the root colonization, host specificity, and promoting growth must be 

understood and solved for the successful use of endophytes as biofertilizers [45]. 
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