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ABSTRACT: Dry environments have plants with special adaptations enable them to live on nutrient poor
soils, in high temperature and with a scar city of water, one of the most important features of these plantsare
the ability to establish symbiosis relation with different microorganisms. It is very important to study and
take advantage of the mechanisms of the phenomenon of plant-microbes interaction to make a worldwide
mutation in the biotechnological potential of efficient partnerships for agriculture and a range of
applications. Desert plants could survive in extreme conditions via microbial association. Fungal endophytes
afford special adaptation for these plants and improve their performance and resistance against biotic and
abiotic stresses through production of bioactive compounds which certainly increase the adaptability of both
endophytic fungi and their host plants. Although little studies investigate desert plants-fungal endophyte
association but thereis a great number of endophytic fungi isolated from desert plants all over the world. In
this review, we shed light on endophytic fungi as growth promoting (GPEF), a vital source of natural
compounds and secondary metabolites, antimicrobial agents and stress tolerance mediator. Also we display a
number of biotechnological applications of endophytic fungi association with desert plants in the field of

agriculture and medicine.
Keywords.: Desert Plant-Fungal Endophytic,
INTRODUCTION

Desert plants are defying the extreme environmental
conditions as sporadic precipitation, high temperatures,
nutrient deficiencies, and intense solar radiation.
Human population increases the percentage of the
Earth’s surface covered by deserts; globally hot deserts
are the most common type of climate, representing
14.2% of the Earth’s land area. Actually there are many
different kinds of deserts with varying patterns of
temperature and precipitation, the African Sahara
classified a hot desert (Peel, et. al. 2007). The abiotic
stresses conditions have a wide range of effects on the
plant morphology, physiology, biochemistry and even
on gene regulation. Temperature, water deficiency,
salinity and heavy metal pollutant are major stress
factors in relation to climate change. The abiotic stress
factors also influence the biotic stress and reduce crop
productivity (Kumar, 2018). Due to the prevailing
severer climate change conditions, most plant
populations are adapted and build new stress tolerance
strategies to withstand and complete their life cycle.
Vascular plants are among these plants which do not
function as autonomous individuals, but house diverse
communities of associated microbes, and make their

resistance strategy through its microbes (Choudhary, et.
al. 2016). Many researchers have reported that
environmental stresses resulted from climate change are
the major threat to future of food security (Battisti,
2009). All plant taxa investigated have well-established
symbioses relations with a large variety of
microorganisms. These microorganisms are known to
support plant growth and to increase plant tolerance to
biotic and abiotic stresses (Bent, 2006). Endophytic
fungi are one of the most important microbes in plant
micro-ecosystems and have significant influences on
the growth and development of their host plants, but
il little is known about the relationships between
them (Kumar, 2018). Hot desert plants could survive in
extreme conditions, undergoing morphological and
biochemical adaptations that could be attributed to
microbial activity (Brundrett, 2009). Endophytic fungi
produce bioactive compounds exclusive to their host
plants, which certainly increase the adaptability of both
endophytic fungi and their host plants to biotic and
abiotic stresses and these compounds can contribute to
production of biologically active secondary metabolites
(Zhang, et. al., 2006; Firdkova, et. al.,2007; and
Rodriguez, et. al., 2009).
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Endophytic fungi that live in desert plants are
considered a vital source for many natural products
(Strobel, €l. al. 2004).

A. What are endophytic fungi

Endophytic fungi include al fungal organisms that
grow inside plant tissues without causing any
immediate negative effects and are not mycorrhizae
(Carroll, 1988, Strobel, 2003, and Strobel, et. al.,
2008). Endophytic fungi may also include a wide
range of fungi characterized by the ability of living for
a certain period of their life cycle internaly and
asymptomaticaly in plants, they are believed to have
evolved from pathogenic fungi that either have
extended later periods or have lost their virulence
(Saikkonen, et. al. 1998, and Souza, et. al. 2008).
Endophytic fungi are belonging to mitosporic and
meiosporic  ascomycetes that asymptomatically
colonize the internal tissues of the host plants and stay
beneath the epidermal layer (Bacon, 2000). Fungal
endophytes can be devided into two groups: 1- the
balansiaceous group which specifically colonize
grasses and usualy belong to ascomycetes genera
Epichloe and Balansia (anamorphs Neotyphodium and
Ephelis), 2- the non- balansiaceous group that almost
occurring in all plant species and usualy belong to
Ascomycota (Wang, et.al. 2007). Endophytes are
known from plants growing in tropical temperature
and boreal forests, from herbaceous plants, from
various habitats including extreme arctic, alpine
(Fisher, et. al. 1995) and xeric environments (Muhsin
and Botth, 1987). Endophytic fungi have been isolated
from phanerogams in alpine, temperate and tropical
regions, although plants of Conifera, Ericaceae and
Gramineae have been most intensively sampled (Jian
Qui, et.al. 2008). Endophytic fungi play a vital
ecological functioning process in plant succession
through the beneficial interaction between them which
formed in the long-term ecosystem evolvement, this
interaction could promote plant growth, increase
disease-resistant ability, and heighten abiotic stress
tolerance (JianQiu, et. al. 2008). Many studies
investigated the distribution and the community
composition of endophytic fungi in common plants
and their results proved that, the distribution and
colonization rates of endophytic fungi were different
among the bark, twigs, and leaves while some fungi
are specific to certain plant family (JianQiu, et.al.
2008). Endophytic fungi are classified as the potential
sources of novel natural products which may be
exploited biotechnologically in many sectors as in
medicine, agriculture and industry. Gradually, these

organisms will be isolated and cultivated widely for
biotech extra-exploitation processes (Visaakchi, and
Muthumary, 2010).

B. Fungal Endophytes as stress tol erance mediator
Several studies showed that endophytic fungi could
enhance the resistance of their host plants to biotic and
abiotic stresses by producing bioactive molecules
(Ngjad, and Johnson, 2000; Cavaglieri et. al., 2004).
Plants of extreme environments have a certain
adaptations to these stresses, for example, drought
tolerance can be attributed to associated endophytic
microorganisms (Rodriguez, et. al., 2008). Redman et
al. (2002) studied the association between
Dichanthelium lanuginosum growing in the
geothermal soils of Lassen Volcanic and Y ellowstone
National Parks and its endophytic fungus Curvularia
protuberata where the later was able to confer heat
tolerance to the host plant. In India Thar Desert is
characterized by dry and hot weather for most part of
the year, fifteen plant species colonizing this arid
habitat were used for isolation of 507 endophytic fungi
of which thermotolerant isolates was evaluated. Six
endophytes were tolerant to high temperature, among
them Chaetomium sp. confer high temperature
tolerance to a variety of Indian rice (Sangamesh, et.al.
2017). Thermomyces lanuginosus a thermophilic
fungal endophyte isolated from desert plant Cullen
plicata induced heat tolerance to inoculated cucumber
plants (Ali et. al. 2017). Different types of a biotic
stress tolerance provided by endophytes to different
plant species are shown in Table 1.

C. Isolation of endophytic fungi from desert plants
Semiarid and arid lands congtitute one-third of the
terrestrial  ecosystems, but still limited number of
studies investigated root-associated fungal
communities in semiarid grasslands. Table.l. Show
the endophytic fungi isolated from desert plants. At
the Sevilleta National Wildlife Refuge in (SNWR)
New Mexico, funga community associated with the
roots of a dominant grass, Bouteloua gracilis was
isolated by Alfro et. al. (2008). The most important
results obtained are that B. gracilis roots are highly
colonized by Dark Septat Fungi (DSF), in addition to
its function as drought tolerance and nutrient
acquisition, DSF may be integral to the function of
arid ecosystems. Endophytic fungi play crucial
ecological rolesin protecting plants from harsh abiotic
and biotic stresses so it is valuable to investigate the
endophytic fungi associated with desert plants.
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Table 1: Endophytic Fungi conferring abiotic and biotic stresstolerance in desert plantsisolated from desert

areas.
Desert Host plant Endophyte Stresstype I solation organ Reference
Chihuahuan desert | Boutrloua eriopoda Aridity, high
. - ' | Variousisolates temperature and Root, and Leaves Barrow et al. (2004)
(new mexico) Atriplexcanescens
drought
Deaert areas Aridity, high
. 21 Cacti species Variousisolates temperature and stem Suryanarayanan et al.
(Arizona) USA
drought (2005)
Aridity, high
ior;]wgrriir;)(North Platycladus Phyllosticta temperature and leaves
orientalis spinarum drought Wijeratne et. al. (2008)
Chlhuahugn desert Bom_JtrIoua eriopoda, 9 isolates Aridity Root Lucero et. al (2005)
(new mexico) Atriplexcanescens
Aridity, drought
SNV\./R (New Bouteloua gracills Variousisolates and high Root Alfaro et.al. (2008)
Mexico)
temperature.
. L Aridity, high
Mongolia (China) dcgefggt])?a Eﬁp Ig)lheli]nl}m temperature, and Root
yS0g drought Lin et.al. (2008)
. Aridity, high
Sothern desert Hyoscyamus muticus 44 |solates temperature and Root, L eaves and Abdel-Motaal et.al (2010)
(Egypt) L. stem
drought
Ragjasthan desert . Piriformospora High temperature,
(India) Various plants Indica Drought, Aridity Root Varmaet.al (2012)
Tennger (China) Various plants 19 Isolates ﬁ‘#ﬁ'ﬁtyso” Stem and leaves Sun et. al. (2012)
Aridity, high
iogte)rriir;)(North Various plants Variousisolates temperature and Zgr?]t’ Leavesand
drought Wellensiek et. al. 2013
Sonor.an (North Various plants Preussia sp. Aridity, high Stem and leaves Massimo et.al. (2015)
America) temperature
Aridity, drought
Sinai desert (Egypt) | Asclepias sinaica 3isolates and high Root Fouda et.al (2015)
temperature.
. Aridity, high
Weadi Dawkah, Boswellia sacra 77 Isolates temperature, and Park and leaves Khan et al. (2016)
Dhofar(Oman) d
rought
Aridity, high Root. stem. and
Thar desert (India) | Various plants 507 Isolates temperature, and Ieavé ’ Sangamesh et. al (2017)
drought )
Aridity, high
Eastern desert Cullen pilicata Thgrmomyces temperature, and Root Ali et.al. (2017)
(Egypt) lanigunosus d
rought
Atax;ama desert Chenopodl um 22 isolates Drought, high Root Teuber et.al (2017)
(Chile) quinoa temperature.
Wadi El zwatin, . . . Drought and high
Siani, (Egypt) Teucrium polium 5isolates temperature Leaves Hassan (2017)
Ziziphus spina- .
Aswan (Egypt) christi Lawsonia 57 isolates Drought and high Leaves and stem Zidan et.al. (2016)
temperature

inerims
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Fig.1. Biotic and a biotic stress affecting desert plant; and explaining the role of endopytic fungi association to the
overall plant health improving via secreting natural metabolites enabling their host to skip harsh environmental
stresses, intensified its growth and rebel pathogens and herbivores.

Sun et.al. (2012), investigated the fungal community of
eight desert plant species from a desert in China where
the most important finding were that the desert plants
had low diversity of fungal communities but with a
high colonization rate and there was tissue specificity of
some endophytes as Phoma pomorum and Phoma sp. A
study from Sonoran Desert, which classified as the
hottest and most species-rich desert biome in North
America examined the abundance, diversity, local
distributions, and host affiliations of fungal endophytes
in the leaves and stems of woody plants, and providing
insights into the ecological factors affecting these
endophytes and plant-fungal associations in arid and
semiarid lands (Massi,mo et .al. (2015). Bouteloua
eriopoda and Atriplex canescens are important species
in arid rangelands of the northern Chihuahuan Desert,
colonized by dark septated endophytic fungi that cannot
be eliminated by seed disinfestation, Barrow et. al.
2004, detected that the same native fungal endophytes

associated with callus and regenerated plants of
Bouteloua eriopoda and Atriplex canescens. In some
desert areas of Arizona Suryanarayanan, et. al. (2005),
studied 21 cacti species and isolated 14 endophytic
fungi, they found Cylindropuntia fulgidahad the

maximum  fungal  endophytes diversity, and
Cylindropunti ramosissima associated with the
maximum number of endophytic fungi, while
Alternaria sp., Aureobasidium pullulans, and

Phoma spp. were isolated from severa cacti. Teuber
et.al. 2017 at Atacama Desert isolated 100 endophytic
fungi form Chenopodium quinoa, Pencillium, Phoma
and Fusarium were the dominant genera. Zidan (2016)
isolated 57 endophytic fungi from two medicinal plants,
Ziziphus spina-christi and Lawsonia inermis inhabiting
the Egyptian environment of which Aspergillus,
Penicillum and Paecilomyces were the most dominant
endophytic fungi.
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D. Growth promoting endophytic fungi

Fungal endophytes live within plant tissues and have
been shown to assist plant growth and health. Although
desert plants are exposed to many environmental
stresses that attributed to plant growth promoting
endophytic fungi (PGPE) association but still have
receive little attention, PGPE produce various bioactive
compounds with several biologica activities which can
be directly or indirectly described as plant growth
promoting (PGP) agents (Sun et. al. 2012). Fungal
endophytes make genetically, physiologicaly, and
ecological modification to its host plants. Fungal
endophytes isolated by Lucero et.al. 2005 alter the
morphology, biomass and reproductive potential of
Boutrloua eriopoda, Atriplex canescens. Verma et. al.
(2012), reported that Piriformospora indica isolated as
a symptomless root endophyte from various plants,
induced adaptation to abiotic and biotic stresses, growth
promotion, early flowering, higher seed yield, changes
of secondary metabolites of its host plants. Fouda, et.
al. (2015), isolated three different fungal endophytes
from the medicinal plant Asclepias sinaica of Sinai
desert, which had a good impact on plant growth
parameters including a considerable increment of roots,
and may be mediated by these endophytic fungi
effectiveness to produce ammonia and IAA. From the
park and leaves of Boswellia sacra tree, 77 endophytic
fungi were isolated, most of the isolated endophytic
fungi showed the potential to produce IAA as growth
promoting agent, Preussia sp. improved its host plant
growth parameters and accumulation of photosynthetic
pigments (Khan, et. al. 2016)). Egyptian desert
characterized by harboring extreme hot arid adapted
desert plants. An extreme hot endophyte, Thermomyces
lanigunosus, isolated from Cullen plicata improved the
root length of cucumber as a result to drought and heat
tolerance mediate (Ali, et. al. 2017). Another recent
fungal endophytic isolation from Egyptian desert is
Hassan (2017), from Teucrium polium in Siant
katherine protectorate. Five endophytic fungi were
isolated and showed high growth pormoting and
antimicrobial activity, and high rate of phosphate
solubilization. Hundred twenty-two endophytic fungi
were isolated from thirteen plant species grown in the
coastal sand dunes of korea, that exhibited secondary
metabolites production which helps in the increment of
the height and shoot length of Waito-C rice (Khan,
et.al, 2012).

E. Endophytes as source of natural compounds
Endophytic fungi associated with desert plants are one
of the most important sources of several natural

products (Strobel, et. al. 2004). Penicillium
chrysogenum was isolated from the root of Cistanche
deserticola collected from Inner Mongolia in northwest
China. This study exploited the medicine characteristic
of C. deserticola and its associated endophytic fungi to
produce new medicinal components (Lin, et. al., 2008).
Wijeratne et. al. (2008), isolated five new metabolites
from the funga endophyte Phyllosticta spinarum
associated with Platycladus orientalis in the Sonoran
Desert, one of these compounds (Tauranin) showed
potential anticancer promoter. In plant-microbe
interactions, the higher accumulation of carbohydrates
and flavonoids in plant tissue act as ROS-scavenger and
signaling molecules promoting plant growth and
increase tolerance to abiotic and biotic stress (Grover,
et. al. 2011), and this in agreement with Ali, et. al.
(2017) where the endophytic fungus Thermomyces
lanuginosus increases total saponin, flavonoid, soluble
and insoluble carbohydrate and soluble protein contents
of the cucmber inoculated plants (Ali, et.al. 2017)

F. Endophytes as antimicrobial agents

According to Abdel-Motaal, et. al. (2010), the desert
medicinal plant Hyoscyamus muticus L. harbored 44
strains  of endophytic fungi secrete antifungal
compounds. Fungal endophytes associated with
Asclepias sinaica have antimicrobia inhibiting effect
against bacterial and fungal strains (Fouda, et. al.
2015). Even with the most dangerous pathogens
(Viruses) fungal endophytes have their effective
function as antimicrabial, in this context Wellensiek, et.
al. (2013), extracted four secondary metabolite
compounds from endophytic fungi harbored some
desert plants; these compounds inhabit HIV-1 (Virus)
replication completely. Endopytic fungi isolated from
Sinai desert plants have been screened and showed high
antimicrobial activity against bacteria (Hassan, 2017).
Fungal Endophytes as biotechnology tools.
Endophytes associated with arid plants have revealed a
great phylogenetic diversity in association with their
hosts and give chance to survey new taxa or new fungal
habitats. These microorganisms have a great potential
for; Use in plant resistance processes to face global
climate changes especially for economic importance
plants, Production of pharmacological metabolites, and
Preservation of natural ecosystems (Bezerra, et al.
2017).The biotechnological interest of Endophytic
fungi appeared strongly in 1993 when the anticancer
drug Taxol isolated from endophytic fungus of a
medicinal plant in the United States (Stierle, et. al.
1993).
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Penicillium chrysogenum and Penicillium crustosum
isolated by Hassan (2017) from medicinal desert plant
Teucrium polium exhibited high rate of phosphate
solubilization in maize as an economical important
crop, and suggesting that phosphate solubilization by
microbes is a promising tool for bio-fertilizer
application. Bezerra, etal., (2012) extended fungal
endophytes isolated from the cactus Opuntia ficus-
indica in the production of pectinase, cellulase,
xylanase, and protease enzymes. Forty-four fungal
endophytes isolated from Cereus jamacaru subsp.
Jamacaru, among these endophytes Aspergillus,
Fusarium, and Penicillium synthesize L-asparaginase
profusely, and this reference have proved that cacti
endophytes have a great potential for biotechnological
production of antileukemic enzymes (Santos, et.al.
2015). The biotechnological applications of endophytic
fungi are recent and scarce that need more studies in
future.

CONCLUSION

Endophytic fungi isolated from desert plants play a key
front role in the future biotechnological challenge. Our
review tried to highlight desert plant-fungal endopytes
interaction that conifer these plants to adapt to the
extreme arid desert conditions. These factors can
possibly affect the endophytic fungi population
structure and distribution, as well as the benefits of
these endophytes to their host desert plants, also the
desert harsh conditions can encourage the production of
bioactive compounds. In addition, the previous studies
proved that there are many types of beneficial
interactions between endophytic fungi and their desert
host plants. For example: (1) growth enhancement of
host desert plants, (2) resistance promotion of the desert
host plants to biotic and abiotic stresses, (3) production
of secondary metabolites, including bioactive
compounds that could be used in many fields as
medicine, industry and agriculture, and (4)
antimicrobial agents that could be used as bio-
controller. The mentioned above findings may have an
important applied implications in agricultural sector.
This review concluded that endophytic fungi isolated
from desert plants are of great importance and need
further assessment in the coming years.
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