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Abstract

Endophytic fungi are known for their biotic and abiotic resistance. We evaluated the ability of beneficial fungus
to overcome salt stress. Fungi strains: Alternaria chlamydospora, Embellisi aphragmospora, Phoma betae,
Fusariume quseti, Fusarium graminearum and Chaetomium coarctatum were tested for their ability to
improve durum wheat germination under salinity stress conditions (0, 400, 600 and 8oomeq/l1 NaCl).
Germination, radicle and coleoptile growths were inhibited in high salinity exposed durum wheat seeds, while
fungal strains x salinity interaction significantly enhanced germination and growth of durum wheat. The highest
germination percentage was showed by Alternaria chlamydospora under salt stress conditions (400, 600 and

8oomeq/L).
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Introduction

Soil salinity is one of the most important factors that
limit crop production in arid and semi-arid regions
(Neumann, 1995). Benmahioul et al. (2009) showed
that a large part of agricultural regions characterized
by an arid and semi-arid climate in Algeria is affected

by salinity process.

Salinity affects plant growth at all developmental
stages; however, sensitivity varies from one growth
stage to another (Jajarmi, 2009). Germination is an
important developmental event in plants (Fowler,
1991) regulated by environmental factors such as salt
(Baghbani et al., 2013). Salt concentration completely
inhibits germination at higher levels (Rafiq et al,
2006). The plant growth is reduced by salt stress
(Munns and Termaat, 1986). Endophytes are the
plant-associated microbes that form symbiotic
association with their host plants by colonizing the
internal tissues (Dutta et al., 2014), without causing
any apparent disease symptoms (Petrini, 1991) which
made them valuable for agriculture as a tool in
improving crop performance (Dutta et al, 2014).
Fungal endophytes are ubiquitous; they play crucial
roles as decomposers, mutualists, and parasites in
ecological processes on earth (Liu et al., 2015).
Endophytic fungi have also been shown to impart
plants with tolerance to salt, drought, heat and
diseases (Khan et al., 2011). Kavroulakis et al. (2007)
indicate that endophytic fungi can show positive
effects on the host plant such as improving growth,
resistance and tolerance to biotic and abiotic stresses.
They play a role in resistance to certain toxic elements
by the production of certain organic acids (Rahman et
al., 2006). Many fungal endophytes produce
secondary metabolites such as auxin, gibberellin that
helps in growth and development of the host plant.
Some of these compounds are antibiotics having
antifungal, antibacterial and insecticidal properties,
which inhibit the

microorganisms, including plant pathogens (Dutta et

strongly growth of other
al., 2014). Pestacin and isopestacin isolated from the
culture broth of Pestalotiopsis microspora, an

endophyte isolated from Terminalia spp. in New
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Guinea had antimicrobial as well as antioxidant

properties (Harper et al., 2003).

(2016),

Colletotrichum tofieldiae colonizes Arabidopsis roots

According to Hiruma et al fungus
and transfers the macronutrient phosphorus to its
host to boost plant growth and increase fertility under

phosphate-deficient conditions.

The goal of this study was to screen fungal strains
which not only improve plant-growth but also extend
greater salt stress tolerance to durum wheat

(Triticum durum Desf.) at germination stage.

Materials and methods
Fungi strains
Endophytic fungi  Alternaria chlamydospora,
Embellisi aphragmospora, Phoma betae, Fusariume
quseti, Fusarium graminearum and Chaetomium
coarctatum were isolated from natural vegetation of
salt soils located in Relizane; Algerian West (Lat. 35°
47 46”N, Long. 0° 33’ 117, Alt. 50m) and identified
using ITS and 18S molecular methods (Unpublished

results).

Study of durum wheat culture associated with fungal
isolated from salt soil

Seeds of durum wheat variety: SIMETO (Triticum
durum Desf.) were surface-sterilized for 1omn in 5%
sodium hypochlorite, rinsed 3 times with distilled
water and then germinated in a phytotron (BINDER)
at 25° C in the dark for 4 days. Experimental design
had four sets: control (seeds were given solely
distilled water), fungal inoculums treated seeds
Embellisi

aphragmospora, Phoma betae, Fusariume quseti,

(Alternaria chlamydospora,

Fusarium  graminearum and Chaetomium
coarctatum), control of salt stress treatments (400,
600 and 800omeq/L), and fungus inoculation with salt
stress (Fungal strains were inoculated by spore

suspension solution of 107 spores/mL).

Studied parameters
Final germination rate: was expressed by the ratio of

germinated number seeds on the total seeds number.
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Radicle and coleoptile length:were measured using a

ruler to evaluate durum wheat growth.

Statistical analysis

Treatments were applied randomly and repeated five
times, with 100 seeds in each Petri dish. Analysis of
variance (ANOVA) was carried out, using Statbox
v6.4 statistical software. Data were represented as
shows a

meanztstandard deviations. P<0.05

significant effect. The purpose of these tests was to

identify  statistically  significant effects and
interactions among various test and control
treatments.
Results

Germination rate
Results in fig.1A. showed a significant reduction in
germination percentage under salt stress (P<0.05),
reflecting that as salt stress increased durum wheat
seeds showed a more pronounced decrease in
germination percentage. Non-treatment durum wheat
seeds showed germination rate of 100%. Germination
percentage was estimated to be 15.6% under salt
stress 400meq/L. Seeds suffered high mortality
(100%) when they were treated with 600 and
8oomeq/L of NaCl. Endophytic fungi improved
germination at all of NaCl concentration levels
Embellisi

Chaetomium coarctatum showed a germination

(P<0.05). aphragmospora and

percentage value of 100%. Alternaria
chlamydospora, Phoma betae, Fusariume quseti and
Fusarium graminearum presented a germination
rate superior than 95% (Fig.2A.). Endophytic fungi
exhibited significant enhancement of germination
percentage under salt stress condition (P<0.05).
Durum wheat inoculated seeds with fungi strains
represented germination percentage with values
between 30% and 49.8% under salt stress 80omeq/1.
The highest germination percentage was showed by
Alternariachlamydospora  under  salt  stress
conditions (93.4%, 62.4% and 49.8%, respectively

under salinity conditions 400, 600 and 800meq/L).
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Radicle length
Analyses of variance (ANOVA) indicated that radicle
growth was affected significantly by salt stress
(P<0.05). Endophytic fungi presented a significant
effect (P<0.05) on radicle length under nonsaline
conditions. Durum wheat associated with endophytic
fungi in saline conditions exposed a significant effect
on radicle growth (P<0.05). Radicle was elongated
deep to 6.36+1.13cm under control condition, while
their growth was reduced to 0.26+0.08cm under salt
stress 400meq/L (Fig.1B.); radicle growth was absent
in seeds treated by 600 and 8oomeq/l of NaCl. The
highest radicle growth was unregistered by seeds
Embellisi

inoculated by aphragmospora

(5.52+0.08cm), while the lowest growth was
estimated at 3.88+1.15cm by  Fusarium
graminearum.
Coleoptile length

Measures of the coleoptile length are shown in Fig.
1C. and fig. 2C. Increasing salinity significantly
decreased coleoptile growth (P<o0.05). Endophytic
fungi revealed a significant effect on coleoptile growth

under saline and nonsaline conditions (P < 0.05).

Coleoptile length was estimated at 0.13+0.11cm under
moderate salt stress 400meq/l NaCl presenting a
reduction rate of 27.70% compared to control.
Coleoptile growth under high salt stress (600 and
8oomeq/L) was reduced by 100% compared to
control condition (omeq/L). The highest and the
lowest coleoptile growth were observed in seeds
inoculated by Phoma betae (2.15+0.34cm) and
Alternari  achlamydospora  (1.36  +0.88cm),
respectively.

Discussion

Germination rate, radicle and coleoptile length
Sensitivity of plants to salinity depends on plant
species and their developmental stage (Prado et al.,
2000).

Application of increasing salt stress had substantial
negative effects on final germination rate, radicle and
coleoptile growths. Durum wheat seeds presented
sensitivity to salt stress, manifested by significant

reduction in germination percentage, radicle and

coleoptile length under salt stress (400meq/L).
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Fig.1. Effect of salinity on (A) germination rate, (B) radicle length and (C) coleoptile length.

A similar decrease in final germination percentage
has been reported in all Brassica species as salinity
levels increased (Jamil et al., 2005). Decrease in final
germination rate corresponds either to an increase in

the external osmotic pressure, which affects the

absorption of water by seeds and / or to an
accumulation of Na* and Cl- ions in the embryo
(Groome et al., 1991). Germination was totally

inhibited under salt stress 600 and 800meq/L.
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Fig. 2. Effect of salinity x endophytic fungi interaction on (A) germination rate, (B) radicle length and (C)

coleoptile length.

Therefore, high salt concentration completely inhibits
germination; it also reduces imbibition of water
because of lowered osmotic potentials of the medium
(Rafiq et al.,, 2006). When plants were exposed to
high salinity stress (100 and 200 mmol/L), Na+*ions
were accumulated in plants, leading to osmotic stress

and growth inhibition (Wu et al. 2017).

Endophytic fungi strains: Alternari achlamydospora,
Embellisi aphragmospora, Phoma betae, Fusariume
quseti, Chaetomium coarctatum and Fusarium
graminearum enhanced germination and growth of
durum wheat seeds treated with. According to Fortin
et al. (2008), endophytic fungi allow plants to have

better access to nutrients and substrate water, which
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promotes their growth. Fungi strains exhibited an
enhancement of final germination percentage, radicle
and coleoptile growth under saline conditions.
Pigmented endophytes: Alternaria, Embellisia,
Phoma and Fusarium, play an important ecological
role for plant survival and stress resistance (Sun etal.,
2012). Endophytic fungi play a role in tolerance to
salinity and resistance to certain toxic elements by
production of certain organic acids and other
compounds (Rahman and Saiga, 2015).
Root-endophytic  basidiomycete,  Piriformospora
indica, has been shown to improve plant resistance
against root and leaf diseases and alleviate salt stress

in barley (Waller et al., 2005).

Malinowski and Belesky (2006) showed that fungi
play a large part in the adaptation of plants, especially
grasses, and survival even under severe biotic or

abiotic stress.

Endophytic fungi can also enhance plant growth; this
is due in part to the production of phytohormones by
the endophyte, such as indole acetic acid and
gibberellic acid, which induce more root growth,
leading to increased nutrient uptake (Egamberdieva
and Kucharova, 2009). Hamayun et al. (2010) have
been conducted to investigate Gibberellic acids (Gas)
production by endophytic fungi with plant
interactions. Gibberellins are produced by Penicillium
strains under salt stress to improve plant growth
(Leitdo and Enguita, 2016). Gibberellic acids (Gas)
and indole acetic acid (IAA) secreting endophytic
fungus Penicillium funiculosum had significantly
enhanced soybean seed germination and mitigated
negative effects of salinity stress by improving
soybean growth and metabolism (Khan et al., 2011).
Hasan (2002) indicated that gibberellin produced by
Fusarium under high salt stress may reduce the effect

of salinity to plant crops.

Conclusion

The present study indicated that all endophytic fungi
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were demonstrated their effects on durum wheat

seeds to progress their germination and growth.

These findings indicate that endophytic fungi would
be useful for agriculture to improve crop plant growth
under salt stress conditions and more studies are
needed to explore their potentiality in plant

protection sector.
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