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Abstract 
Trichoderma spp. is known to offer a beneficial relationship with the plants. They are used as inoculants 
for biocontrol, biofertilization and phytostimulation with their abilities to produces different bio-active 
compounds and elicitors which interact with roots of the host plant directly increasing plant growth 
potential and tolerance to various abiotic stresses. With their abilities of mycoparasitism and their 
antagonistic affect within the plant, they are able to induce defense-related genes and protect the host 
plant from microbial infection. They are also known to induced systemic resistance in the plant and also 
induce tolerance against abiotic stresses such as drought and salinity through increase root growth, 
nutritional uptake and inducing protection against oxidative stress. Recently, the genome of seven 
Trichoderma species has been sequenced and there is a great prospect in developing transgenic plant 
which may offer effective tolerance against changing climatic condition. In this review, we provide an 
updated overview of Trichoderma interaction and their tolerances against various abiotic stresses by 
different strains of Trichoderma. 
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Introduction 
Bio-control fungi have emerged as a beneficial tool in modern agricultural system. They have 
the abilities to reduce the negative effects of plant pathogen and ameliorate abiotic stresses 
such as drought, salinity, extreme temperature and heavy metal stresses. Among the beneficial 
fungi Trichoderma spp. have gained much interest due to their high reproductive capacity, 
survived under unfavorable conditions, prolific producers of secondary metabolites and ability 
to resist against plant pathogenic fungi (Benitez et al., 2004; Harman 2006; Contreras-Cornejo 
et al., 2016) [11, 34]. In addition, they have been exploited in biotechnological applications and 
provide important endeavor in the field of agriculture such as their ability to ameliorate both 
biotic and abiotic stresses and enhance plant growth and yield (Lorito et al., 2010; Hermosa et 
al., 2013) [52]. 
Colonization with Trichoderma and plant root is the first process for successful interaction, 
exchanging of signals and production of elicitors leading to symbiotic association between 
them. Enzymes and antibiotics that are produced attack the fungal pathogens and successfully 
degrade the fungal hyphae and permit penetration into the host cell. Both the enzymes and 
antibiotics are antifungal and synergistic in their action (Shoresh, 2010) [93]. Trichoderma are 
known to resist a range of diseases such as Alternaria alternate, Botrytis cinerea, Rhizoctonia 
solani, Sclerotinia sclerotiorum, Pythium spp. and Fusarium spp (Harman et al., 2004; 
Druzhinia et al., 2011) [37] including that of nematode (Sharon et al., 2001) [92]. They also 
induce ISR (systemic induced resistance) to plant after successful colonization and leads to 
signal transduction of different hormones and ultimately promote growth (Shoresh et al., 
2010) [93]. 
Abiotic stresses such as salinity, drought, heavy metal accumulation, and extreme temperature 
affected crop production worldwide. However, recent studies reported that Trichoderma 
induces tolerance against abiotic stresses and improve growth (Yasmeen and Siddiqui, 2017) [9] 
such as in radish, cucumber, pepper, bottle gourd, periwinkle, bitter gourd, chrysanthemum, 
lettuce and tomato (Donoso et al., 2008; Bae et al., 2009; Brotman et al., 2013; Conteras-
Cornejo et al.,2016; Zeilinger et al.,2016; Kashyap et al.,2017) [8, 15, 9, 113, 47]. Trichoderma 
colonized plant produce certain compounds (Auxins, ethylene, gibberellins, plant enzymes, 
antioxidants) and phytoalexins and phenols that provide tolerance to abiotic stresses and 
enhance the branching capacity of the root system (Brotman et al., 2013; Lopez-Bucio et al., 
2015) [15, 51]. This review focuses on the current knowledge of Trichoderma-plant interaction 
and their role in tolerance against abiotic stresses. 
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Colonization and interaction 
Many Trichoderma strains were found to colonize plant roots 
of both monocot and dicots. (Harman and Shoresh, 2007). 
Trichoderma-root interactions involve recognition, 
attachment, penetration, colonization and nutrient transfer 
from the root (Mukherjee et al., 2012) [65]. First, their hyphae 
coil around the roots, forming appresoria-like structures, and 
finally penetrate the root cortex (Yedid et al., 1999) [110]. 
Attachment to the host plant root by appresoria like structures 
is mediated by two hydrophobin-like proteins, TasHyd1 from 
T. asperelloides and qid 74 from T. harzianum. The gene 
qid74 encodes a cystein rich cell wall protein and the 
expansin-like protein swollenin TasHyd1 with a cellulose-
binding domain which can recognize the cellulose and modify 
plant cell wall architecture by secreting cellulolytic and 
proteolytic enzymes (Viterbo and Chet, 2006; Brotman et al., 
2008; Samolski et al., 2012) [108, 14, 84] which facilitate root 
colonization. This enables fungal –host recognition and 
adhesion during symbiotic associations (Viterbo and Chet, 
2006) [108]. T. harzianum is reported to produce plant cell wall 
degrading enzymes like endopolygalacturonase which are 
involved in active root colonization (Moran-Diez et al., 2009) 
[63]. Also T. virens was shown to produce auxins and other 
related compounds that may facilitate root colonization by 
enhancing root growth (Contreras et al., 2009) [18]. 
Both symbiotic and non-symbiotic beneficial microbes are 
initially recognized as pathogenic and would trigger plant 
immunity through the perception of microbes –associated 
molecular patterns (MAMPs) by the plant mediated receptors 
(Jones and Dangl, 2006; Boller and Felix, 2009; Pieterse, 
2012) [46, 13, 72]. However Trichoderma remodel or manipulate 
the plant immune response by reprogramming their 
transcriptome and proteome (Marra et al., 2006; Alfano et al., 
2007; Segarra et al., 2007; Shoresh and Harman, 2008) [55, 86, 

94, 5]. Exchanges of molecular signals and deposition of fungal 
elicitors in root apoplast are the general mechanism involved 
in root colonization and interaction. For example, 
colonization by T. harzianum induces strong changes in shoot 
proteomes of maize seedlings even though T22 interacts with 
the roots (Shoresh and Harman, 2008; Conteras-Cornejo et 
al., 2016) [94, 9]. Although well known for their ability to 
colonize the rhizosphere with limited root penetration, some 
Trichoderma species are known to reside in plants as typical 
endophytes, entering through trichomes by producing 
appressoria-like structures (Bae et al., 2009) [8]. Hence, their 
interaction is mutually beneficial where Trichoderma can 
freely live in the soil and should consider good plant 
symbionts. 
 
Bio-active compounds involved in induction of plant 
responses and disease resistance 
Trichoderma releases certain classes of compounds into the 
zone of interaction and induce resistance in plants. The first 
class is protein with enzymatic and other activity. Xylanases, 
cellulase and swollenin were secreted by Trichoderma species 
(Fuchs, 1989; Lotan and Fluhr, 1990; Anderson et al., 1993; 
Martinez et al., 2001) [29, 53, 6, 56]. These fungi produce plant 
growth promoting compounds which have the capacity to 
increase photosynthesis and biomass production and to elicit 
developmental programs via regulation of gene expression 
(Chacon et al., 2007; Shoresh and Harman, 2008; Vargas et 
al., 2009, 2011; Harman 2011; Studholme et al., 2013; 
Martınez- Medina et al., 2014; Pereira et al., 2014; Rubio et 
al., 2014) [94, 102, 11, 98, 57, 71, 81]. Trichoderma virens and 
Trichoderma atroviride produce auxins indole-3-acetic acid 

(IAA), indole-3-ethanol (IET), indole-3-acetaldehyde (IALD) 
and indole-3-carboxaldehyde (ICALD). These compounds 
stimulate cell division, elongation and/or differentiation 
processes, ultimately increasing the growth and yield of the 
plant host (Contreras-Cornejo et al., 2009, 2011) [17, 18]. This 
study correlates with the experiment on cherry root-stock 
where higher level of IAA was found in both leaves and roots 
(Sofo et al., 2011) [96]. Phytostimulant properties of 
Trichoderma are also dependent on auxin accumulation in 
tomato (Chowdappa et al., 2013; Martinez-Medina et al., 
2014) [57]. 
Trichoderma spp. produce secondary metabolites which 
include volatile and non-volatile substances, such as 6-n-
pentyl-6H-pyran-2-one (6PP), gliotoxin, viridian, 
harzianopyridone, harziandione and peptaibols (Reino et al., 
2008; Vinale et al., 2008) [78, 106, 107]. In A. thaliana seedling 
when exposed to volatile organic compound (VOC) emitted 
by Trichoderma increased root branching and biomass 
production and accelerated flowering (Ahung et al., 2013; 
Contreras-Cornejo et al., 2014). Recent studies revealed that 
T. atroviride produced 6-PP a volatile compound which 
promoted plant growth and regulated root architecture, 
inhibiting primary root growth and inducing lateral root 
formation (Garnica-Vergara et al., 2015) [30]. Sm1 which has a 
hydrophobin like properties found to be produced by strains 
of T. virens; it is known to induce terpenoid phytoalexin 
biosynthesis and peroxidase activity in cotton (Hanson and 
Howell, 2004; Djonovic et al., 2006, 2007) [32, 24, 25]. Harzianic 
acid (HA), a nitrogen heterocyclic compound produced by 
Trichoderma harzianum has growth promoting effect (Vinale 
et al., 2009) [104] which acts as antagonistic effect on fungal 
pathogens as reported in canola seedlings (Vinale et al., 2009) 
[104]. Also they promote nutrients uptake and growth of plant 
by their ability to produce siderephores. This secondary 
metabolites binds essential metals ions such as iron (Vinale et 
al., 2013) [105]. Siderephores produced by beneficially 
microorganism is considered crucial for plant iron uptakes, 
particularly in calcareous soil (Sharma et al., 2003; Vinale et 
al., 2013) [90, 105]. 
 
Trichoderma induced resistance  
Any foreign interaction or penetration in plant roots activates 
their immune system, however, Trichoderma spp. remodel the 
plant immune system and recognized as non-pathogenic 
(Zamioudis and Pieterse, 2012) [72]. Many recognized 
Trichoderma strains are able to elicit JA and ET synthesis 
which are involved in ISR (Induce systemic resistance) 
development (Contreras-Conrnejo et al., 2011; Salas-Marina 
et al., 2011; Hermosa et al., 2012; Nawrocka and Malolepsza, 
2013) [17, 39]. Study done on maize with the use of specific 
inhibitors of JA and ET synthesis shows the signaling 
pathways transduce by these molecules in the protection 
against C. graminicola (Djonovic et al., 2006) [24]. Similarly 
ISR induced resistance by T. asperellum or T. harzianum T39 
against B. cinerea in A. thaliana was by also found (Karolev 
et al., 2008; Segarra et al., 2010; Velazquez-Robledo et al., 
2011; Nawrocka and Malolepsza, 2013) [87]. 
Trichoderma spp. plays a significant role in suppressing plant 
disease and growth of pathogens in both greenhouse and field 
condition (Harman et al., 2004) [36, 37]. Given the fact that 
Trichoderma produces a range of elicitors which interact with 
plant receptors and recognition of Trichoderma, and induction 
of resistance in plants (Djonovic et al., 2006; Sriram et al., 
2009; Shoresh et al., 2010; Salas-Marina et al., 2011; Mathys 
et al., 2012) [24, 93, 83]. Moreover, different strain of 
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Trichoderma produces small secondary metabolites and 
shown to induce pathogenesis-related (PR) protein and 
reduces diseases symptoms systemically (Vinale et al., 2008) 
[106, 107]. Mycoparasitism is considered a highly important in 
many system and has the potential to attack and lyses plant 
pathogenic fungi such as Alternaria alternate, Botrytis 
cinerea, Rhizoctonia solani, Sclerotinia sclerotiorum, 
Pythium spp. and Fusarium spp. (Harman et al., 2004; 
Druzhinia et al., 2011) [36, 37]. This is clear that Trichoderma 
parasitizes the pathogen in its active and non-active resting 
spores by producing chitinases, glucanases, and proteases that 
help the flow of nutrient into the mycoparasite and degrade 
the host pathogen (Mukherjee et al., 1995; Inch and Gilbert, 
2011) [66, 41]. 
 
Trichoderma conferring tolerance to abiotic stresses 
The major abiotic factors which include heat, drought, cold 
and salinity induces cellular damages in crop plants. 
However, fungal symbionts are found commonly in 
association with plant communities resisting naturally to 
different stress (Marasco et al., 2012) [54]. Trichoderma strains 
are known to offer plant tolerance against abiotic stress such 
as drought and salinity (Mastouri et al., 2010; Shoresh et al., 
2010) [58, 93] through increased root growth, nutritional uptake 
and inducing protection against oxidative stress. 
Plants grown under Trichoderma treatment are much more 
resistant to water stress. Study done on tomato proves that 
T22 inoculated tomato seedlings in water deficit condition 
and in the presence of methy-viologen (MV) which is known 
to enhanced ROS production, reduced the oxidative inhibition 
of seed germination and improved seedling growth (Shoresh 
et al., 2010; Mastouri et al., 2012) [93, 59]. These might be due 
to the activation of antioxidant responses and increased 
activities of ascorbate and glutathione-recycling enzymes 
(Mastouri et al., 2012) [59]. Drought causes increase in total 
amino acid content but when inoculated with T. Hamatum 
DIS2196 it mitigates the negative effects in cacao seedling 
and also delayed drought- induced changes which means it 
allows the plant to continue growth (Bae et al., 2009) [8]. 
Moreover, maize plant treated with T. hazianum resists water 
deficit and enhanced deep rooting (Harman, 2000) [33]. 
Shoresh and Harman, (2008) [94] found that the maize plant 
inoculated with Trichoderma has high starch content in 
leaves. This could be beneficial in drought condition where 
prolonged stomatal conductance leads to carbon starvation. 
Shukla et al. (2012) [95] reported that Trichoderma application 
increase the root growth of rice regardless of the water deficit 
which causes delay in drought responses and also found to 

decrease proline, MDA and hydrogen peroxide content and 
increased phenolic compound concentration. 
Salinity affects most plant and alter water-relation in the 
tissue, disrupt ion balances and induces oxidative stress 
(Munns, 1993 and Shoresh et al., 2010) [93, 67]. Study done in 
Indian mustard shows that higher concentration of NaCl 
(200mM) deteriorates growth, physio-biochemical attributes 
like plant height decreased by 33.7%, root length by 29.7% 
and plant dry weight by 34.5%. But when treated with 
Trichoderma harzianum it led to increase by 13.8, 11.8, and 
16.7% in shoot, root length and plant DW respectively as 
compared to the plant treated with NaCl (200mM) alone 
(Ahmad et al., 2015) [3]. Thus, application of T. hazianum 
mitigates the negative effect of NaCl stress. Same findings 
were shown in tomato (Mastouri et al., 2012) [59]. Also 
salinity decreased the oil content in Indian mustard (Ahmad et 
al., 2015) [3] which might be due to the limited supply of 
cytokinin from root to shoot that results in variation of 
cytokinin: ABA ratio in leaf (El-Keltawi and Croteau, 1987; 
Ahmad et al., 2015) [28, 3]. However, Trichoderma treated 
plant restored the oil content in the leaves under NaCl stress 
(Ahmad et al., 2015) [3]. In fact, beneficial microbes have 
been reported to limit the ABA accumulation during NaCl 
stress and enhanced the transportation from root to shoot 
(Aroca et al., 2013; Alenazi et al., 2015; Ahmad et al., 2015) 
[38, 3].  
Salt stress decreased the photosynthetic pigment. This might 
be due to the inhibition of synthesis of different enzymes such 
as δ-aminolevulinic acid dehydratase and photochlorophyllide 
reductase which are involved in chlorophyll biosynthesis and 
to the impairment in supply of Mg2+, Fe 2+, Zn2+ and Mn 2+ 
that are required for synthesis of Chl (Padmaja et al., 1990; 
Van Assche and Clijsters, 1990; Kupper et al., 1996; Ahmad 
et al., 2015) [70, 101, 49, 3]. Decrease in carotenoid content will 
lead to increased ROS production in NaCl stress which 
ultimately hampers plant growth by inducing oxidative 
damages to related DNA, RNA and protein (Mishra et al., 
2006; Ahmad et al., 2010) [2, 4]. However, application of T. 
hazianum restored the chlorophyll and carotenoid content up 
to an appreciable level in saline condition (Ahmad et al., 
2015) [3] and this finding is correlated with Rawa et al. (2011) 
[77] in wheat and Zhang et al. (2013) [114] in cucumber. Hence, 
increasing the pigment concentration which might be due to 
phytohormone production in Trichoderma inoculated plant 
(Martinez-Medina et al., 2014; Resende et al., 2014) [57]. The 
increase in photosynthetic pigment may be due to the 
inhibition of Na uptake (Iqbzl and Ashraf, 2013) [43]. 

 
Table 1: Effects of Trichoderma in plants subjected to various abiotic stresses 

 

Sl. Crops Trichoderma spp 
Stress 

subjected to
Effects References 

1. Rice T.harzianum Salinity 
Better photosynthetic performance, higher pigment 

concentration, high proline content 
Yasmeen and Shaheed (2017) 

[9] 

2. Mustard T. harzianum Salinity 
Mitigates the negative effect of salt stress and increase in 

oil content 
Ahmad et al. (2015) [3] 

3. Arabidopsis T.virens/T.atroviride Salinity 
Promotes plant growth, induction of lateral Roots and 

root hairs through auxin signaling 
Conteras-Cornejo et al 

(2014) 

4. Maize T.harzianum Salinity 
High water content and better photosynthetic 

performance 
Yasmeen and Shaheed, 

(2017) [9] 

5. Tomato T.parareesei / T. reesei Salinity 
Produces cellulase and xylanases, lateral root 

development and defense against Botrytis cinerea 
Rubio et al. (2014) [81] 

6. Cacao T.hamatum (DIS2196) Drought Delay drought-induced changes and continue growth Bae et al. (2009) [8] 

7. Tomato T. harzianum Drought 
Reduced oxidative inhibition and improved seedling 

growth 
Mastouri et al. (2012) [59], 
Shoresh et al. (2010) [93] 

8. Rice T. harzianum Drought Delays drought responses and increase phenolic Shukla et al. (2012) [95] 
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concentration 

9. Maize T. harzianum Drought 
 

Enhanced deep rooting and high starch content in leaves 
 

Harman, (2000) [33] 

10.Arabidopsis T. harzianum Heat 
Enhanced tolerance to heat and other abiotic 

stresses, producing heat-shock proteins 
Montero-Barrientos et al. 

(2008,2010) [62, 61] 

11. Tomato T. harzianum AK20G Cold 
Enhanced photosynthesis and growth rate, 

reduced lipid peroxidation rate and electrolyte leakage 
Ghorbanpour et al. (2018) [31]

12. Tobacco T. harzianum 
Heavy 

metal/salt 
Enhanced tolerance to both stresses and resistance to R. 

solani and P. syringae 
Dana et al. (2006) [21] 

13. Onion T. asperellum Heavy metal Reduce Cu accumulation and translocation to leaves Tellez-Vargas et al. (2017) [99]

14. Mustard T. atroviride Heavy metal
Improves photoextraction efficiency and alleviate 

cellular toxicity of cadmium and nickel 
Cao et al. (2008) [16] 

15. Sunflower T. logibrachiatum Heavy metal Increase antioxidant enzymes in Pb2+ oxidative stress Devi et al. 2017 [23] 
 

Trichoderma inoculated plant also found to increase 
potassium content in plants (Yedidia et al., 2001; Yildirim et 
al., 2006) [111, 112]. Increasing potassium uptake ameliorates 
the negative effect of salinity (Shabala and Cuin, 2008) [88] 
and induces stomatal closure and salt stress-induced osmotic 
stress (Shoresh et al., 2010) [93]. Salinity also reduces the 
calcium content in plants (Cramer, 2002; Neves-Piestun and 
Bernstein, 2005) [20, 69]. However, treatment with Trichoderma 
increased the calcium content under salt stress as compared to 
control (Yildirim et al., 2006) [112]. 
Ahmad et al. (2015) [3] found that proline content in mustard 
plants is increased when treated with Trichoderma under salt 
stress. Proline is an important osmolyte which maintain the 
cell osmoregulation in NaCl stress (Ahmad et al., 2010; 
Rasool et al., 2013) [2, 4]. Similar findings were reported when 
Trichoderma inoculated Arabidopsis seedlings showed 
increased accumulation of proline as compared to control 
under salt stress (Contreras-Cornejo et al., 2014). Proline has 
high antioxidative property that could scavenge ROS like 
hydrogen peroxide and protect the cell from oxidative damage 
(Ahmad et al., 2010; Jogaiah et al., 2013) [2, 4]. Moreover, 
accumulation of high proline enhanced the N fixation in 
plants (Hashem et al., 2015). 
Under severe stress condition plants are unable to scavenge 
the accumulation ROS and leads to damages of cellular 
components (Mitler, 2002) [60]. However, Trichoderma 
inoculated plants protect the plants by increasing the ROS 
scavenging abilities. Proteomics studies reveal that 
Trichoderma inoculated plants have increased levels of SOD, 
peroxidase, glutathione-reductase and glutathione-S-
transferases (GST), and detoxifying enzymes in leaves 
(Shoresh, 2008) [94]. Trichoderma T22 inoculated seedlings 
also restored the vigor damaged by oxidative stress 
(Bjorkman, 1998) [12]. Recently, a study done on tomato 
inoculated with Trichoderma harzianum AK20G strain 
mitigate the negative effects of chilling stress resulting in 
reduced lipid peroxidation rate and electrolyte leakage overall 
increasing the leaf water content and proline accumulation 
(Ghorbanpour et al., 2018) [31]. Similarly, T. harzianum 
inoculated Arabidopsis enhanced the tolerance to heat stress 
producing heat shock proteins (Montero-Barrientos et al., 
2008, 2010) [62, 61]. 
Plants are often subjected to heavy metal accumulation which 
imposed many deleterious effects on plant health such as 
inhibition of photosynthesis, lower nutrient uptake, reduction 
in cell division and germination percentage (Sharma and 
Dubey, 2005) [91]. Inoculation with Trichoderma atroviride F6 
on soil contaminated with Cd and Ni significantly alleviate 
the cellular toxicity of mustard (Cao et al., 2008) [16]. Devi et 
al. (2017) [23] reported that inoculation with Trichoderma 
logibrachiatum (WT2) on sunflower subjected to Pb2+ 

mitigate the oxidative stress induce to plant and found 
increased level of antioxidant enzymes. However, different 
strains of Trichoderma have a different range of growth 
promotion (Adam et al., 2007) [1]. Trichoderma harzianum 
T22 inoculated plant have substantial increase in tree growth 
and less growth promotion in metal contaminated soils than in 
the uncontaminated soils (Adam et al., 2007) [1]. However, 
Trichoderma atroviride F6 inoculated plant increase plant 
growth in the contaminated soils but doesn’t effectively 
stimulate plant growth in uncontaminated soils which may be 
due the reduction in the damage caused by metal stress and 
ultimately increase plant growth (Devi et al., 2017) [23]. 
Similar findings were found in onion where Trichoderma 
asperellum inoculated plant reduces the phytotoxic effect of 
copper (Tellez-Vargas et al., 2017) [99]. 
 
Plant growth promotion by Trichoderma inoculants 
Recently Trichoderma spp. were suggested as a plant growth 
promoting fungi (PGPR) due to their ability to produce 
siderophores, phosphates-solubilizing enzymes and 
phytohormones (Doni et al., 2013, 2014). Promotion of plant 
growth is one of the beneficial traits of Trichoderma (Shukla 
et al., 2012; Contreras-Cornejo et al., 2016) [95, 19]. This can be 
realized through several mechanism involved like 
mycoparasitism, antibiosis, degradation of toxins, inactivation 
of pathogenic enzymatic pathways, resistance to pathogens, 
enhanced nutrient uptake leading to overall development 
(Harman 2006; Lorito et al., 2010; Doni et al., 2014) [34, 52]. 
Significant increase in plant height, leaf number, tiller number 
and root length in rice was reported by Doni et al. (2014) [27] 
which are possible because of the mechanism involved such 
as nutrient use efficiency and tolerance to abiotic and biotic 
stress. Production of phytohormones by Trichoderma treated 
plant is the key for enhanced plant growth (Chowdappa et al., 
2013). They are reported to produce cytokinin like molecules 
(eg. Zeatin) and gibberellins related molecules (GA3 or GA4) 
which could be beneficial for biological enhancements of crop 
fertility (Tucci et al., 2011; Idowu et al., 2016; Kashyap et al., 
2017) [100, 40, 47]. Higher photosynthetic rate was also observed 
in rice inoculated with Trichoderma (Doni et al., 2014) [27]. 
Similarly, in maize plant Trichoderma increased growth, 
enhanced root biomass production and increased root hair 
development (Bjorkman et al., 1998; Harman et al., 2004) [12, 

36, 37]. Rice plant treated with Trichoderma has better uptake 
of nutrient (Saba et al., 2012; Doni et al., 2014) [82, 27]. Rice 
plant treated with T. harzianum significantly increased the 
ability to tolerate drought and water deficit condition 
contributing to the better uptake of nutrient and plant growth 
(Shukla et al., 2012; Doni et al., 2014) [95, 27]. Study done on 
tomato seeds with T. harzianum proves that Trichoderma 
accelerates the seed germination, ameliorates water, osmotic, 
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salinity, chilling and heat stresses by inducing physiological 
protection against cellular damages. Mastouri et al. (2010) [58] 
also reported to increase foliar area, secondary root 
development and modulate root architecture (Chacon et al., 
2007). Furthermore, it has been reported that Trichoderma 
inoculated plants have increased growth in plants such as 
strawberries, tomatoes, soybeans, apples, cotton and gray 
mangroves (Porras et al., 2007; Morsy et al., 2009; 
Shanmugaiah et al., 2009; John et al., 2010; Raman 2012; 
Saravanakumar et al., 2013; Doni et al., 2014) [73, 64, 89, 45, 75, 85, 

27].  
 
Conclusion 
Plant gene expression depends on the Trichoderma isolates 
colonizing the plants (Bailey et al., 2006) [9]. They also 
respond differently depending upon the plant species or 
cultivars. Study done on maize show neutral or even negative 
responses due to significant varietal difference (Harman, 
2006) [35]. Abiotic stress response in the plant is mainly 
controlled by ABA through defense signaling pathway 
including SA, JA and ET pathways (Robert-Seilaniantz et al., 
2011) [80]. However, recent studies highlighted the fact that 
plants respond differently to multiple stresses than to 
individual stresses (Atkinson and Urwin, 2012) [7]. Study done 
on grapevines exposed to heat and drought stress showed that, 
efficacy of T39-induced resistance was not affected by single 
stress but decreasing trends were observed when induced in 
both the stresses (Roatti et al., 2013) [79]. This confirms that 
more information is needed on the effect of multiple abiotic 
factors, their resistance inducer and the signaling molecules 
involved by specific characterizations for each inducer and 
pathosystem. As the information seems to be very important 
because of changing climatic conditions, warmers and drier 
summers are predicted in several regions (IPCC 2007). So 
studies focusing on the abiotic stresses which affect crop 
responses to beneficial and pathogenic microorganism and 
analysis of their specific defense-related genes shall 
contribute to the biotechnological approach. Additionally, 
genes from Trichoderma could be isolated and transgenic 
plants generated with higher resistance against biotic and 
abiotic stresses. For example, genes from T. atroviride which 
codes for cell wall degrading enzymes have been isolated and 
inserted to rice which gave resistance to sheath blight caused 
by R. solani (Liu et al., 2004) [50]. Recently, the genome of 
seven Trichoderma spp. has been sequenced (Srivastava et 
al., 2014; Baroncelli et al., 2016; Rai et al., 2016) [97, 10, 74]. 
There is a great prospect in developing transgenic plants for 
greater health management and this will be biggest challenge 
in future. 
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