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ABSTRACT 

Environmental stress to plants is more detrimental than biotic stress. Abiotic 

stresses, such as drought, salinity, extreme temperatures, heavy metal toxicity, and 

oxidative stress, are serious threats to agriculture and lead to deterioration of the 

environment. Abiotic stress leads to a series of morphological, physiological, 

biochemical, and molecular changes that have a harmful effect on plant growth and 

productivity. Recently endophytic fungi (EF) are gaining attention due to the 

numerous benefits gained by the host plant and reducing the application of 

chemicals in agriculture, thus providing advantages to human health and the 

environment. Indeed, microbe’s ability to confer plant stress resistance may open a 

new avenue for alleviating the adverse effect of global climate change on 

agricultural production. The ability of endophytes recovered from grasses were 

applied to confer drought, high temperature and high salinity to genetically distant 

plants such as tomato. The concept that fungal endophytes adapt to stress in a 

habitat-specific manner has been confirmed with different fungal and plant species 

and environmental stresses. In this review, we have tried to comprehend different 

roles of endophytes in combating abiotic stress on tomato. 

 

                                          Published by Arab Society for Fungal Conservation 

Introduction 

The beginning of 21st century is marked by global scarcity of 

water resources, environmental pollution, and increased 

salinization of soil and water. Increasing human population 

and reduction in land available for cultivation are two threats 

for agricultural sustainability (Shahbaz and Ashraf 2013). 

Light, water, carbon, and mineral nutrients are the 

major requisites of plants for growth, development, and 

reproduction. Being immobile, plants are exposed to various 

environmental stresses and stresses induced by living entities 

that they cannot escape (Lata et al., 2018).  

Agriculture is considered to be one of the most 

vulnerable sectors to climate change. Crop production, 

particularly in tropical regions, is facing increasing stresses 

caused due to natural and anthropogenic factors. Generally, 

the stress in plants refers to external conditions that adversely 

affect plants' growth, development, or productivity (Verma 

et al., 2013).  

Stresses trigger a wide range of plant responses, e.g., 

cellular metabolism, altered gene expression, changes in 

growth rates, crop yields, etc. (Kour et al. 2019). Plant stress 

usually reflects some changes in environmental conditions. 

Plant stress has two categories: abiotic stress and biotic stress 

(Yadav et al., 2017).  

Abiotic stress affects plants by the environment may 

be physical or chemical, while biotic stress exposed to the 

crop plants is a biological unit like diseases, insects, etc. 

Generally, plants in natural systems and croplands are 

simultaneously exposed to both biotic and abiotic stresses 

(Verma et al. 2013). Abiotic stresses such as drought (water 

stress), extreme temperatures (cold, frost, and heat), salinity, 
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excessive watering (waterlogging), and mineral toxicity 

negatively impact the growth, development, yield, and seed 

quality of crops and other plants. Abiotic stress tolerance 

plays an indispensable role in determining crop productivity 

and distribution of plant species across the environment 

(Chaves et al., 2003). These factors are cause a serious 

negative impact on crop growth and yields and force severe 

pressure on land and water resources (Grover et al. 2011).  

Environmental stresses such as drought, temperatures, 

salinity, or toxicity bring serious consequences to crop 

production, causing collectively more than 50% yield losses 

worldwide (Wang and Frei 2011). Due to global climate 

change, abiotic stresses are expected to become more 

widespread in the coming decades and pose serious global 

food security threats (Abo Nouh and Abdel-Azeem 2020). 

Tomato (Solanum lycopersicum L.) is the second most 

important vegetable crop next to potato globally. The fruits 

of vegetable crops have incredible nutritional value as an 

important origin of vitamins (A and C), minerals, and 

lycopene (antioxidants) that provide the human body with a 

healthy regime (Niu et al. 2013). Tomato is one of the most 

important horticultural crops farmed due to its extensive 

global distribution and consumption, but unfortunately, 

Desneux et al. (2011) reported due to climate favorability for 

expansion and damaging potential of Tomato Leaf Miner 

(TLM), world tomato production has drastically reduced 

since 2006. Tomato production has been confounding by 

many biotic and abiotic constraints. Abiotic stresses are 

virtually interrelated; either individually or in combination, 

they cause morphological, physiological, biochemical, and 

molecular changes that negatively affect plant growth, 

productivity, and ultimately yield.  

Practical strategies were developed worldwide for 

mitigating stress toxic effects through the development of 

tolerant varieties, shifting crop calendars, using chemicals 

that may be toxic for the environment, resource management 

practices, etc. (Grover et al. 2011). But most of these 

practices are time-consuming and costly. While microbial 

inoculation is safe, low-cost, effective, the environment-

friendly approach can increase plant stress tolerance and 

maintain ecosystem health (Naveed et al. 2014; Meena et al. 

2015).   

Indeed, microbe’s ability to confer plant stress 

resistance may open a new avenue for alleviating the adverse 

effect of global climate change on agricultural production 

(Grover et al., 2011). It can enhance crop production and 

protection by promoting seed germination; enhancing plant 

growth, root development, fruiting, flowering, and ripening; 

increasing the efficacy of organic matter as fertilizers; 

developing resistance of plants to pests and diseases; 

increasing nutrient availability in the rhizosphere of plants; 

suppressing soil-borne pathogens and pests; and increasing 

the production of antioxidants that suppress the negative 

impact of free radicals in plant metabolism (Higa 2004; 

Talaat 2015). It can also decrease the damage to plants 

caused by soil salinization by improving various 

physiological and biochemical processes inside the plant cell 

(Talaat 2014). 

Tomato (Solanum lycopersicum L.)  

Tomato (S. lycopersicum L.) is an eudicotiledonous plant that 

belongs to the family Solanaceae and other economically 

important crops such as pepper, eggplant and potato. The 

high level of consumption of tomato makes it one of the main 

sources of minerals and vitamins (Khan et al. 2014). 

Tomatoes contain various phytochemicals such as β-

carotene, lycopene, flavonoids, vitamins A and C, and many 

other essential nutrients and have been found valuable to 

human health (Beutner et al. 2001).  

According to Desneux et al. (2011), Tomato is the 

most important grown fresh market vegetable worldwide 

with more than 5 million hectares harvested in China, United 

States of America, India, Turkey, and Egypt as the five first 

producers. But due to climate favorability for expansion and 

the damaging potential of Tomato, world tomato production 

has drastically reduced since 2006, and tomato production in 

Egypt. World harvested area increased from 4.5 million 

hectare in 2010 to 5.02 million hectares in 2014, this showed 

area covered by tomato increased by 10.4 %; yield from 

harvested areas were 151.9 million KT (kilotonne) in 2010 

and1.71 billion KT in 2014 with yield per hectare 34 MT 

(metric tonne) in 2014. In Africa, yield decreased from 18.6 

million MT in 2010 to 15.9 million MT in 2014, reducing by 

14.6. While, in eastern Africa Yield (hg/ha) decreased from 

131488 in 2010 to 128239 in 2014 which showed total yield 

decreased by 2.5% (FAOSTAT 2014). As this report 

showed, world tomato production per unit area is decreasing.  

Production of tomato in temperate regions is usually 

done under greenhouse conditions in hydroponic plant 

cultivation systems (Schwarz et al. 1996). Tomato 

production has been confounding by many biotic and abiotic 

constraints. Abiotic stresses are virtually interrelated; either 

individually or in combination, they cause morphological, 

physiological, biochemical, and molecular changes that 

negatively affect plant growth, productivity, and ultimately 

yield (Savvas et al. 2003). 

Abiotic Stress Effect on Agriculture Crops 

Due to significant climatic changes, a global water shortage 

is the leading cause of these abiotic stresses, including 

drought, extreme temperatures, and salinity (Redman et al. 

2011). Abiotic stress is the primary cause of crop loss 

worldwide, reducing average yields for most major crop 

plants by more than 50% of crop yield (Boyer 1982).  Plant 

responses to abiotic stresses are dynamic and complex 
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(Skirycz and Inze 2010); they are both elastic (reversible) and 

plastic (irreversible). The plant responses to stress are 

dependent on the tissue or organ affected by the stress 

(Cramer et al. 2011). Abiotic stress leads to a series of 

morphological, physiological, biochemical, and molecular 

changes that adversely affect plant growth and productivity 

(Wang et al. 2001; Yadav 2017).  

Abiotic stresses, such as drought, salinity, extreme 

temperatures, and heavy metal toxicity are serious threats to 

agriculture and result in the damage of the environment 

(Singh et al. 2011; Saxena et al. 2016; Yadav 2019). Drought, 

salinity, and extreme temperatures, often interconnected, 

result in oxidative burst and cellular damage (Kaur et al. 

2020; Rana et al. 2020). E.g., water stress and salinization, 

which are apparent osmotic stress, disrupt the ion distribution 

and metabolism in the cell (Raghuwanshi 2018). Among 

abiotic stresses, drought stress, soil salinity, and 

accumulation of heavy metals (HM) in the soil are among the 

major grounds of diminished plant performance and 

restrained crop yield worldwide (López-Ráez 2016). In 

response to these damage, plants modify their root 

morphology, ultrastructure (Fusconi and Berta 2012), which 

may modulate their physiology and biochemistry to limit 

stress-induced damages and/or facilitate the repair of 

damaged systems (Latef et al. 2016).  

Salinity  

Salinity is the presence of excessive amounts of soluble salts 

that affect plant growth's normal functions. Soil salinization 

is a devastating ecological and agronomical problem that 

limits agricultural production and land development in many 

areas on the earth. Approximately 7% of the global land 

surface is salt-affected. More than 45 million hectares of 

irrigated land have been damaged by salt, and 1.5 million 

hectares are taken out of production each year as a result of 

high salinity levels in the soil in the world (Munns and Tester 

2008). Soil salinity is a huge problem for agriculture under 

irrigation and affecting crop performance, as it inhibits seed 

germination and seedling growth and leads to yield reduction 

(Cuartero et al. 2006).  

In hot regions of the world the soils are almost saline 

with low agricultural ability. In these areas most crops are 

grown under irrigation, and to get worth the problem, 

inadequate irrigation management leads to secondary 

salinization that affects 20% of irrigated land worldwide 

(Glick et al. 2007). Irrigated agriculture is a major human 

activity, which often leads to secondary salinization of land 

and water resources in arid and semi-arid conditions.  

Salts in the soil occur as ions (electrically charged 

forms of atoms or compounds). Ions are released from 

weathering minerals in the soil. When precipitation is 

insufficient to leach ions from the soil profile, salts 

accumulate, resulting in soil salinity (Blaylock et al. 1994). 

Plants absorb essential nutrients in soluble salts, but 

excessive accumulation strongly suppresses the plant 

growth. A saline soil is generally defined as one in which the 

electrical conductivity (EC) of the saturation extract (ECe) in 

the root zone exceeds 4 dS m1 (approximately 40 mM NaCl) 

at 25 oC and has an exchangeable sodium of 15%. The yield 

of most crop plants is reduced at this ECe, though many crops 

exhibit yield reduction at lower ECes (Munns 2005; Jamil et 

al. 2011). It has been estimated that worldwide 20% of total 

cultivated and 33% of irrigated agricultural lands are 

afflicted by high salinity. 

Furthermore, the salinized areas are increasing at a rate 

of 10% annually for various reasons, including low 

precipitation, high surface evaporation, weathering of native 

rocks, irrigation with saline water, and poor cultural 

practices. Water and soil management practices have 

facilitated agricultural production on soil marginalized by 

salinity, but these approaches' additional gain seems 

problematic (Zahir et al. 2008). Some scientists predict that 

at 2050, more than 50% of the agricultural land will be 

salinized (Jamil et al. 2011).   

Impact of salinity on plants 

Agricultural crops exhibit a range of responses under salt 

stress. Plant cells can sense salt stress through membrane 

disorganization; metabolic toxicity; enzyme damage; 

inhibition of photosynthesis, respiration, and protein 

synthesis; disturbance in water and osmotic potential; 

reduction in assimilate translocation to sinks; disturbance in 

nutrient accumulation; toxicity of excessive Na+ and Cl–; and 

increasing ROS production in chloroplasts (Talaat and 

Shawky 2013). Salinity effects on plant development e.g.  

germination, vegetative growth and reproductive 

development. Soil salinity imposes ion toxicity, osmotic 

stress, nutrient (N, K, P, Ca, Fe, Zn) deficiency and oxidative 

stress on plants, and thus limits water uptake from soil. Soil 

salinity reduces plant phosphorus uptake because phosphate 

ions precipitate with Ca ions (Bano and Fatima 2009).  

During the onset and development of salt stress within 

a plant, major processes such as photosynthesis, protein 

synthesis, and energy and lipid metabolism are affected 

(Carillo et al. 2011; Singh et al. 2020). About 45 million 

hectares of irrigated land is affected by salt worldwide 

(Munns and Tester 2008). Generally, salt stress affects plants 

in numerous ways such as ion toxicity, oxidative stress, 

nutritional disorders, physiological drought, modification of 

metabolic processes, membrane incompetence, and 

reduction of cell division (Zhu 2007). 

 At low salt concentrations, yields are mildly affected 

or not affected at all (Maggio et al. 2001). When a plant is 

exposed to high salt at germination it causes physiological 
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drought and reduction in leaf expansion. The osmotic effects 

of salinity stress can be observed immediately after salt 

application and are believed to continue for the duration of 

exposure, resulting in inhibited cell expansion, cell division, 

and stomatal closure (Munns 2002). If plants are exposed for 

long time to salinity, plants face ionic stress, which can direct 

to premature senescence of adult leaves, and thus a reduction 

in the photosynthetic area available to support continued 

growth (Cramer and Nowak 1992). High salt concentration 

in soil affects plants in two ways; at first high concentrations 

of salts in the soil upset the ability of roots to extract water, 

and secondly high concentrations of salts within the plant 

itself can be toxic, resulting in an inhibition of many 

physiological and biochemical processes e.g. nutrient uptake 

and assimilation (Batool et al. 2014). A plant’s first line of 

defense against abiotic stress is in its roots.  

Drought  

Drought is one of the most environmental factors that limit 

crop production by altering a series of physiological, 

biochemical, and molecular responses. It disrupts 

photosynthesis and protein synthesis, increases 

photorespiration, alters the normal homeostasis of cells, 

affects plant hormone balance, and induces high levels of 

ROS in plant cells (Cohen et al. 2015).  

Among the environmental stresses, drought, which is 

commonly known as water stress, is considered one of the 

major challenges to crop production worldwide (Yue et al. 

2006). Drought is the most significant abiotic stress, 

adversely affecting the productivity and distribution of crop 

plants worldwide about 45% of the global agricultural land 

(Hussain et al. 2018). The agriculture sector is highly 

vulnerable to drought, as it depends directly on water 

availability (Liu and Hwang 2015; Meng et al. 2016; Parker 

et al. 2019). An agricultural drought is characterized by a 

period with dry soils due to lack of precipitation, intense but 

less frequent rain events, gaps between factual and projected 

evapotranspiration, water deficits in soil, decreased 

groundwater or reservoir level all of which lead to reduced 

plant growth and crop production (Mannocchi et al. 2004; 

Dalezios et al. 2017).  Severe droughts have caused 

substantial decline in crop yields through negative impacts 

on plant growth, physiology, and reproduction.  

A metanalysis of the data from 1980 to 2015 reported 

a global yield reduction up to 21 and 40% in wheat and maize 

crop, respectively due to drought (Daryanto et al. 2016). 

Drought stress is among the most destructive abiotic stresses 

that increased in intensity over the past decades affecting 

world’s food security. Drought stress may range from 

moderate and short to extremely severe and prolonged, 

restricting the crop yields (Bottner et al.1995). Drought is 

expected to cause serious plant growth problems for more 

than 50% of the arable lands by 2050 (Kasim et al. 2013). 

Impact of drought on plants 

Agricultural drought known as extended dry period that 

results in crop stress and crop yield disorder. It causes the 

dehydration of cells and osmotic imbalance (Mahajan and 

Tuteja 2005). Severe droughts occur periodically in several 

major food-producing countries, severely impacting global 

food production and supply. Drought affects plant–water 

potential and turgor, enough to interfere with normal 

functions; (Hsiao 2000) changing physiological and 

morphological traits in plants (Rahdari and Hoseini 2012). 

Fresh weight and water content are common growth 

parameters affected by drought (Jaleel et al. 2009). 

Furthermore, drought stress influences the availability 

and transport of soil nutrients, as nutrients are carried to the 

roots by water. Drought stress there-fore decreases nutrient 

diffusion and mass flow of water-soluble nutrients such as 

nitrate, sulfate, Ca, Mg, and Si (Selvakumar et al. 2012). 

Drought also induces free radicals affecting antioxidant 

defenses and Reactive Oxygen Species (ROS) such as 

superoxide radicals, hydrogen peroxide and hydroxyl 

radicals resulting in oxidative stress (Smirnoff 1993), like 

initiate lipid peroxidation, membrane deterioration and 

degrade proteins, lipids and nucleic acids in plants (Hendry 

2005).  

Nevertheless, under drought stress the decrease in 

chlorophyll content was symptom of photooxidation (Anjum 

et al. 2011). Drought also affects biochemical activities like 

nitrate reductase (NR), due to lower uptake of nitrate from 

the soil (Caravaca et al. 2005). It also accentuates the 

biosynthesis of ethylene, which inhibits plant growth through 

several mechanisms (Ali et al. 2014). Drought as a 

multidimensional stress, affects at various sub cellular 

compartment, cell organs and whole plant level (Rahdari et 

al. 2012). Thus, drought negatively affects quantity and 

quality of growth in plants. Therefore, to produce more food, 

the mitigation of drought stresses is important to achieve the 

designated goals.  

Worldwide extensive research is being carried out to 

develop strategies to cope with drought stress by developing 

drought tolerant varieties, shifting the crop calendars, 

resource management practices, etc (Venkateswarlu and 

Shanker 2009). Most of these technologies are cost-

intensive.  

Fungal endophytes 

Fungal symbionts associated with plants are classified to two 

major classes: (1) Endophytic fungi, which reside entirely 

within plant tissues and may be associated with roots, stems, 

or leaves; and (2) Mycorrhizal fungi that reside only in roots 

but extend out into the rhizosphere (Singh et al. 2011; Rana 

et al. 2019). Evidence of plant-associated microorganisms 

found in the fossilized tissues of stems and leaves has 
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revealed that endophytic-plant associations may have 

evolved more than 400 million years ago (Kusari and 

Spiteller 2012). Studies of endophytic fungi were initiated 

nearly 200 years ago, when in 1772 the species Sphaeria 

typhina described, now known as Epichloe typhina (Khiralla 

et al. 2016). After more than 100 years of research it is 

reasonable to conclude that most, if not all, multicellular life 

on earth is symbiotic with microorganisms.  

Endophytes are ubiquitous in the plant world; no 

report of a plant species not associated with them is known; 

individuals without endophytes are rare in a given plant 

species (Zabalgogeazcoa 2008). Unlike mycorrhizal fungi, 

fungal endophytes are microfungi that internally infect living 

plant tissues without causing disease or any harm to plant, 

and live in mutualistic association with plants for at least a 

part of their life cycle (Kusari and Spiteller 2012; Lugtenberg 

et al. 2016; Arora and Ramawat 2017; Khare et al. 2018; 

Chhipa and Deshmukh 2019; Abo Nouh 2019). Based on the 

survey conducted in the last 20 years on endophytes, it is 

thought that the majority, if not all plants, have one or more 

types of these endophytes and numerous endophytic species; 

in some cases, above a hundred can be found in a certain 

plant species (Arnold 2007).  

 

Fungal Symbiosis and Habitat-adapted Symbiosis 

Symbiosis, known as the permanent association between two 

or more specifically distinct organisms, at least during a part 

of the life cycle, this association is ubiquitous and important 

aspect of life on Earth (Kour et al. 2019). Symbiotic fungi 

have two functional groups (endophytic and mycorrhizal 

fungi) based on plant colonization patterns, transmission, and 

ecological functions (Brundrett 2006). The outcome of plant-

fungal symbiotic interactions is defined by the fitness 

benefits realized by each partner (Lewis and Clements 1986). 

Host fitness benefits can be positive (mutualism), neutral 

(commensalism and neutralism), or negative (parasitism, 

competition, and amensalism) depending on the lifestyle 

expressed by the fungal endophyte (Rodriguez et al. 2008). 

Commensal symbioses have no beneficial or harmful effects 

on hosts, but parasitic symbioses negatively affect host 

fitness by decreasing growth rates or inducing disease 

symptoms that lead to death (Redman et al. 2001).  

Successful plant-fungal symbioses contain three 

events: firstly, penetration by the fungus into plant tissues; 

secondly, colonization of plant tissues by the invading 

fungus; finally, expression of a fungal symbiotic lifestyle 

(Pieterse and Dicke 2007). It is assumed that some form of 

biochemical or genetic communication occurs between the 

symbionts and hosts that allow mutualists to confer 

physiological benefits to hosts (Singh et al. 2011). The 

communication that dictates the outcome of symbiotic 

associations remains an enigma but subtle differences in 

communication can alter the symbiotic lifestyle expressed 

(Schulz 2006). For example, fungal species within a genus 

and different isolates have been shown to express different 

symbiotic lifestyles ranging from mutualism to parasitism. 

This variation in lifestyle expression within a genus or 

species may occur due to host physiology (Graham et al. 

1996; Graham and Eissenstat 1998); and is known as the 

Symbiotic Continuum (Schardl and Leuchtmann 2005; 

Schulz and Boyle 2005).  

Variation in lifestyle expression was most 

dramatically demonstrated by a host range study of 

pathogenic Colletotrichum species (Redman et al. 2001). 

Individual Colletotrichum isolates could express either 

pathogenic or nonpathogenic symbiotic lifestyles depending 

on the host genotype they colonized. So that several isolates 

expressed mutualistic lifestyles conferring fitness benefits to 

plants such as disease resistance, growth enhancement, and 

drought tolerance. For example, C. protuberata isolates from 

panic grass (isolate Cp4666D) conferred heat tolerance to 

tomato, watermelon, and panic grass seedlings but, C. 

protuberata isolates from the non-thermal adapted grass 

Deschampsia flexuosa (isolate CpMH206) did not confer 

heat tolerance to any plant (Rodriguez et al. 2008). 

Moreover, the symbiotic communication responsible 

for heat tolerance in a monocot host (panic grass) appears to 

be the same in at least some eudicot hosts (tomato and 

watermelon). The lack of thermotolerance provided by 

CpMH206 suggests that symbiotically conferred 

thermotolerance results from habitat-specific adaptation by 

Cp4666D (Rodriguez et al. 2008). Other example, C. 

gloeosporioides was designated a pathogen of strawberry 

and a commensal of tomato because it conferred no disease 

protection (Redman et al. 2001); Nevertheless, C. 

gloeosporioides increased plant biomass and conferred 

drought tolerance to tomato plants and considered as a 

mutualist (Rodriguez and Redman 2008). Therefore, stress 

tolerance is not a direct result of fungal biomass, but must 

involve specific communication between stress-adapted 

endophytes and plant hosts. This suggests that symbiotically 

conferred stress tolerance's genetic and biochemical bases 

are conserved and evolved before the divergence of 

monocots and eudicots (Yang et al. 1999).  

Symbiotic fungi are responsible for the adaptation of 

plants to environmental stresses (Khan et al. 2012), and these 

tolerances can be transferred to agricultural plants 

(Rodriguez et al. 2008; Redman et al. 2011); these 

endophytes can improve agriculture to combat climate 

changes, which involve increasing tolerance to drought and 

water stress and tolerance to high temperature and high 

salinity (Lugtenberg et al. 2016). The ability of endophytes 

recovered from grasses were applied to confer drought, high 

temperature and high salinity to genetically distant plants 

such as tomato (Chaw et al. 2004). The concept that fungal 
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endophytes adapt to stress in a habitat-specific manner has 

been confirmed with different fungal and plant species and 

environmental stresses (Redman et al. 2002). This habitat-

specific adaptation is defined as HA-symbiosis, and it is 

hypothesized that this allows plants to establish and survive 

in high-stress habitats (Rodriguez and Redman 2008). 

Plant growth-promoting endophytes (PGPE)  

Fungal endophytes have been gaining increased attention 

because of the numerous benefits they can offer directly or 

indirectly to the plant host with the intimate interaction 

established during the colonization of the plant tissues 

(Young et al. 2013). Since endophytes discovery, they have 

been isolated from different vegetative structures, many 

diverse plant species, both in natural uncultivated and in 

agricultural environments (Hyde and Soytong 2008). These 

EF represent a microbial community with an enormous 

biodiversity reserve, originating from diverse ecological 

niches and host tissues ranging from the algae living in 

marine environments (Parthasarathy et al. 2020), to trees in 

the forest ecosystems (Jia et al. 2020).  

The beneficial effects executed by EF include plant 

growth promotion (PGP), improvement of the plant nutrient 

availability and uptake, pest and pathogen control, and the 

increased tolerance to abiotic stress, hereby referred to as 

plant physiology improvement (PPI) (Sánchez-Rodríguez et 

al. 2018). According to the reported literature, most true 

fungi characterized as PGPF primarily belong to the phylum 

Ascomycota (Aspergillus, Aureobasidium, Chaetomium, 

Cladosporium Colletotrichum, Exophiala, Penicillium, 

Trichoderma, Fusarium, Gliocladium, Phoma, Phomopsis, 

Purpureocillium, Talaromyces). A few belong to 

Basidiomycota (Limonomyces, Rhodotorula, Rhizoctonia) 

and Zygomycota (Mucor, Rhizopus). On average 44% of the 

rhizosphere fungal isolates were PGPF (Hyakumachi 1994).  

Some fungi that live inside root tissues or endophytes 

also have diverse positive effects on plant growth and are 

PGPF (Waqas et al. 2015). The most dominant endophyte 

appears to be Fusarium (25%), followed by Penicillium 

(12.5%) and Alternaria (7.5%) (Khalmuratova et al. 2015). 

Subsequent studies have also demonstrated the potential of 

phyllosphere fungi as PGPF (Limtong and Koowadjanakul 

2012).  

Plant growth-promoting endophytes (PGPE) inhabit 

plant tissues and the close linkage of endophytes inside plant 

tissues facilitates nutrients exchange and enzyme activity 

(Hassan 2017), and promote hormones production in plant 

tissue (Lin and Xu 2013). These endophytes possess a 

significant ability to mobilize insoluble phosphate and 

provide nitrogen to their host plants (Matsuoka et al. 2013). 

Plant growth promoting endophytes (PGPE) directly or 

indirectly produce several bioactive compounds with 

numerous biological activities, which considered as plant 

growth-promoting (PGP) agents and protectors (Lin and Xu 

2013). Many studies have indicated that there was evident 

PGP as demonstrated by the improvement of the root system 

with greater root length, biomass, and dry weight (Tucci et 

al. 2011; Nefzi et al. 2019), increased plant height, shoot 

biomass, and fresh or dry weight (Vergara et al. 2017; Nefzi 

et al. 2019), plus enhanced plant production with anticipated 

flowering and fruiting times, and increased fruit weight 

(Zavala-Gonzalez et al. 2015). Moreover, a few articles 

reported improved plant nutrient uptake and the increased 

tolerance to abiotic stress (Table 1). Additionally, some 

studies have highlighted that the presence of the endophyte 

confers tolerance to diverse abiotic stress such as drought 

(Valli and Muthukumar 2018), salinity (Khan et al. 2013), 

and metals (Khan et al. 2015). 

 

Impact of the PGPF on tomato growth and abiotic stress 

tolerance 

The beneficial effects of microorganisms on plant 

development have been reported for numerous crops, 

including tomato grown either under field (Babu et al. 2015) 

or greenhouse conditions in organic media (Anupama et al. 

2014). One of these beneficial microorganisms is plant-

growth-promoting fungi (PGPF), which enhances plant 

growth through various mechanisms (Jogaiah et al. 2018).  

To date, in tomato the artificial introduction of EF has 

been limited to a restricted group of beneficial microbes 

which include species belonging to the genera Sarocladium, 

Beauveria, Metarhizium, Fusarium, Penicillium, Pochonia, 

Serendipita, Pythium, and Trichoderma (Akello et al. 2012; 

Akutse et al. 2013): and also some introduced species belong 

to the Dark Septate Endophytes (DSE) such as 

Neocosmospora haematococca and Periconia spp. DSE are 

ubiquitous and abundant in various ecosystems and playing 

an interesting role in contrasting pathogens as they can 

improve plant tolerance to abiotic stress (Valli and 

Muthukumar 2018), growth (Vergara et al. 2017), and 

nutrient uptake (Yakti et al. 2018).  

Seeds germination and early stage of plant 

development effectually get benefit from PGPF; e.g. 

vigorous early seedling up growth was recorded in tomato 

seed inoculated with Phoma multirostrata, Penicillium 

chrysogenum (Murali et al. 2013) and Trichoderma 

harzianum (Jogaiah et al. 2013). According to Mushtaq et al. 

(2012), tomato seeds, which presoaked in the nine 

Penicillium isolates culture, showed significantly increasing 

germination compared with the control seeds. Inoculation of 

tomato plant with A. flavus isolated from the medicinal plant, 

Euphorbia geniculata enhanced the fresh weight, length, and 

production of tomato plants' lateral roots and root hairs. 

PGPF on tomato plants induced resistance to the pathogen 
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Alternaria phragmospora and exhibited a healthy plant with 

high nutrients content.  

Some endophytic fungi were shown to protect tomato 

crops from fungal infections (Hallman and Sikora 1995). 

Endophytic Fusarium oxysporum strain Fo47, applied as root 

treatment, had significantly controlled Fusarium wilt of 

tomato caused by F. oxysporum f. sp. lycopersici (Aimé et al. 

2013). Moreover, Qian et al. (2017) noted 20% decrease in 

Verticillium wilt on tomato plants colonized by 

Piriformospora indica. Rodriguez et al. (2006) showed that 

F. oxysporum to inhibit Sclerotinia sclerotiorum growth in 

infected tomato plants through the release of the antifungal 

metabolite cyclosporine.  

Other fungal endophytes such as Fusarium fujikuroi, 

Sphaceloma manihoticola Cladosporium sp., Penicillium 

sp., and Aspergillus fumigatus enhanced tomato growth by 

releasing hormones (Schulz et al. 2002; Khan et al. 2012). 

Some previous studies demonstrated that wild Solanaceae 

plants are valuable sources of isolation of beneficial 

bioagents and extraction of bioactive compounds (Nefzi et 

al. 2017). Nigrospora sphaerica significantly increased shoot 

fresh weight by 13 and 22% over Curvularia lunata and the 

control, respectively. Concerning the nutritional status of 

tomato plants, both endophytes led to significant increase in 

nitrogen concentration in shoots when applying 50% of the 

recommended mineral fertilizer. N. sphaerica enhanced 

phosphorus concentration in shoots by 13% over the control 

(Saad and Badry 2020).  

Symbiotically conferred abiotic stress tolerance 

involves at least two mechanisms: (1) activation of host 

stress response systems soon after exposure to stress, 

allowing the plants to avoid or mitigate the impacts of the 

stress (Redman et al. 1999) and (2) biosynthesis of antistress 

biochemicals by endophytes (Schulz et al. 2002). Fungal 

endophytes Chaetomium globosum and Penicillium 

resedanum isolated from Capsicum annuum plants promoted 

shoot length and biomass of the host plants subjected to 

drought stress (Khan et al. 2012). Drought-tolerance tomato 

plants showed higher root and shoot biomass when 

inoculated with class 2 fungal endophytes, including 

Alternaria sp. and T. harzianum (Azad and Kaminskyj 

2016). Epichloë species may enhance the eco-physiology of 

host plants and enable plants to counter abiotic stresses such 

as drought and metal contamination (Rodriguez et al. 2009).  

Grass species growing on coastal areas harbor 

symbiotic fungal endophytes, strengthening them against 

salinity and heat (Rodriguez et al. 2008). These endophytes 

have been reported to induce salt tolerance in several 

noncoastal plants. Leymus mollis (dune grass), plants 

harboring endophyte Fusarium culmorum, flourished on the 

coastal beaches of the USA, which are areas of high 

salinization. Salt-sensitive plants not growing in coastal areas 

could develop salt tolerance when inoculated with the 

endophyte F. culmorum (Rodriguez et al. 2008). 

Colletotrichum magna and Curvularia protuberata are well 

reported for water stress tolerance in wheat (Triticum sp.), 

tomato (Solanum lycopersicum), and watermelon (Citrullus 

lanatus) plants (Raghuwanshi 2018).  

Fungal endophytes can provide fitness benefit to 

plants when exposed to water-limiting conditions. Perhaps 

the most widely documented example of endophyte-

mediated drought stress tolerance in plants is the enhanced 

drought tolerance of tall fescue and perennial ryegrass due to 

infection of the endophyte Neotyphodium coenophialum 

(Dastogeer and Wylie 2017). But, all fungal endophytes can 

confer drought tolerance to plants regardless of the habitat of 

origin (Rodriguez et al. 2008). C. protuberata (Cp4666D) 

and F. culmorum (FcRed1) isolates from geothermal soil and 

Costal Beach both conferred similar levels of drought 

tolerance in tomato (Rodriguez et al. 2008). Trichoderma sp. 

produced different secondary metabolites; these compounds 

are reported as a plant defense activator in canola, pea, and 

tomato (Chhipa and Deshmukh 2019).    

Treatment of seed with T. harzianum ameliorates a 

wide variety of biotic, abiotic, and physiological stresses to 

seed and seedlings.  Trichoderma pseudokoningii isolated 

from tomato roots from central Himalaya exhibited PGP 

phosphate solubilization and synthesis of auxins, 

siderophores, HCN, and ammonia (Chadha et al. 2015). F. 

pallidoroseum has a significant positive role in plant growth 

and development. Inoculation of tomato seeds with F. 

pallidoroseum enhanced proline content; acid and alkaline 

phosphomonoesterase activity; and peroxidase activity 

(Srivastava et al. 2011).  

Mutualistic benefits conferred by Colletotrichum spp. 

include growth enhancement, disease resistance, and/or 

drought tolerance (Redman et al. 2001). C. gloeosporioides 

increased plant biomass and conferred drought tolerance to 

tomato plants (Redman et al. 2002). One plant species 

(Dichanthelium lanuginosum) has been studied and found to 

be colonized by one dominant endophyte (Curvularia 

protuberata). C. protuberata confers heat and drought 

tolerance to the host plant. Curvularia spp. also confer heat 

and drought stress to tomato (Rodriguez and Redman 2008). 

Curvularia sp. confer thermo-tolerance to grasses and 

provided thermo-tolerance ability to other plants: tomato, 

watermelon, and wheat (Abo Nouh 2019).  

Beauveria bassiana is an entomopathogenic fungus 

with worldwide distribution, which can live as a plant 

endophyte; colonization of plant tissues by B. bassiana has 

proved to protect against insect damage and inhibit insect 

establishment and development (Vega et al. 2008; Allegrucci 

et al. 2017). B. bassiana was able to infect Tuta absoluta (leaf 

miner pest of tomato leaves) either by direct contact with 

conidia or indirectly by ingestion of tomato leaves colonized 
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endophytically resulting in mortality up to 50% or higher 

(Allegrucci et al. 2017).  

A study by Mahmoud and Narisawa (2013) reported 

that fungal endophyte, Scolecobasidium humicola, can 

enhance growth and biomass of tomato plant. Ampelomyces 

sp. and P. chrysogenum showed increased tomato drought 

and salt stress tolerance, respectively, and increased the 

overall fruit production after stress removal. Tomato plants 

colonized with Ampelomyces sp. isolated from plants 

growing in nutrient-poor soil under drought conditions were 

much healthier than NS plants under standard greenhouse 

conditions. Several studies have isolated Penicillium sp. 

from wild plants growing under salt stress and found them 

producing gibberellin and other bioactive compounds that 

promote growth, grain yield and shoot biomass of various 

plants (Khan et al. 2008). P. chrysogenum showed increased 

salt tolerance and showed significant increase in shoots 

growth compared to NS plants (Morsy et al. 2020). 

Conclusion 

This review concentrated on using fungal endophytes from 

the hosts thriving in high stress environments to confer 

desirable traits such as drought, temperature, disease and 

salt tolerance to genetically unrelated stress-sensitive plant 

species. Numerous studies indicate that fitness benefits 

conferred by mutualistic fungi contribute to or are 

responsible for plant adaptation to stress. Although other 

studies have shown that fungal endophytes confer stress 

tolerance to host species and play a significant role in the 

survival of at least some plants in high-stress environments. 

The interaction of plants with a rich endophytic consortium 

may influence plant gene expression and metabolism. Such 

intergenic epigenetic mechanisms would contribute to a 

successful plant response to abiotic and biotic stressors. 

There is an increasing interest in developing the potential 

biotechnological applications of fungal endophytes for 

improving plant stress tolerance and sustainable production 

of food crops. The ability of fungal endophytes to confer 

stress tolerance to plants may provide a novel strategy for 

mitigating the impacts of global climate change on 

agricultural and native plant communities.  
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