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Increased agricultural activities driven by rising food demand have led to environmental problems mostly arising
from the high levels of external inputs and resources that are required. Additionally, environmental changes, such
as global warming, can lead to various biotic and abiotic stresses, which have negative impacts on crop production.
Numerous solutions and agricultural strategies have been introduced to overcome these problems. One of the
ways to improve plant production as well as to increase resistance towards biotic and abiotic stresses is by utilizing
beneficial microbes as soil inoculants. A better understanding of the ability of Trichoderma to enhance crop
production and the mechanisms that are involved are important for deriving maximum benefits from their
exploitation. These versatile fungi hold great promise for the development of viable commercial products that can

be used widely in agriculture for increasing crop productivity in a more sustainable way.

Trichoderma growth promoter fungi sustainable agriculture stress tolerance biocontrol

| 1. Introduction

Continuous growth in the world’s population has led to a corresponding increase in food demand, which has
necessitated the mass production of agricultural products L. By 2050, the population to be fed will be over 9 billion
people. Not only do we have to increase food availability, but we also must ensure that supplies are sustainably
produced by not compromising the services that nature is able to provide 2. Intensive large-scale industrial
agriculture requires high-external input and resources, and these ultimately cause environmental problems such as
water shortages, destruction of biodiversity, a decline in soil fertility, and elevated levels of greenhouse gases,

leading to an increase in biotic and abiotic stresses, which threaten agricultural productivity and food security El4],

Beneficial microbes employ various mechanisms of action that increase plant productivity through the promotion of
plant growth and health, such as (a) colonizing soil and/or plant parts, thereby occupying space and limiting the
proliferation of phytopathogens; (b) producing enzymes, antibiotic substances, and volatile organic compounds that
suppress the phytopathogens; (c) facilitating nutrient and water uptake; (d) producing phytohormone; (e) inducing
local or systemic resistance responses in plants; and (f) improving various physiological and molecular processes
BISIA, Trichoderma is among the most widespread fungi in the world and is a plant symbiont that resides in varying
habitats, including the rhizosphere and plant tissue (as an endophyte). Trichoderma is also widely used as
biocontrol agent against phytopathogenic microorganisms. For example, Trichoderma was found to endophytically
colonize Brassica oleracea (kale) and activated the systemic resistance of kale plants against the bacterial
pathogen, Xanthomonas campestris 8. Some of the mechanisms involved in promoting plant growth and disease

protection by means of endophytic fungi include increasing access to nutrients (nitrogen, phosphorus, potassium,
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zinc, iron, etc.), the production of antibiotics, the production of plant hormones, a reduction in ethylene, or an

increase in water acquisition rate <,

Numerous studies have been conducted to elucidate the mechanisms by which Trichoderma confers resistance to
plant pathogens and resilience against various kinds of biotic and abiotic stresses LI Over the years, scientists
and agricultural practitioners have focused on the search for environmentally friendly options for the management
of cropping systems. Finding the best method for improving crop production is crucial in order to achieve a
sufficient food supply for the continuously rising population. Agroecology has been a prominent way of redesigning
food systems to achieve greener agriculture approaches with higher sustainability 2131 One important
agroecological approach for maximizing root and rhizosphere efficiency is the application of beneficial microbes,
including Trichoderma 1413l This strategy can lead to improved crop productivity and better nutrient use efficiency

while providing a friendlier option for human health and the environment 181171,

| 2. Roles of Trichoderma in Sustainable Crop Production

The effects of root inoculation by Trichoderma are not restricted to the site of colonization but exist throughout the
entire plant system. Colonization involves a complex system whereby the fungus is able to invade plant cells but
can only live symbiotically without killing the plant. Trichoderma resides at the outermost layer of the roots and
does not penetrate into the inner vascular tissue 28, In Trichoderma studies with arabidopsis, the plants were seen
to restrict the invasion of Trichoderma in the vascular bundle through the presence of metabolites such as salicylic
acid (SA) and glucosinolates (GSLs) 221201 A successful Trichoderma—plant interaction results in improved plant
growth and crop yield upon the cumulative positive effects induced by the fungus that subsequently improve
nutrient uptake and transport in plants [2H22 For instance, composted kitchen wastes comprising T.
harzianum showed considerable promise as a biofertilizer for tomato plants with yield increases of up to 336.5%
(23] |n a chickpea study, Trichoderma spp. caused an increase in the growth and yield parameters of the treated
plants compared to the uninoculated controls. This result was found to be caused by the enhanced solubilisation
and uptake of phosphate (241, Furthermore, a maximum vyield of chilies (69.55 g/ha) was recorded when the seeds

were pre-treated with T. harzianum together with its foliar sprays.

Nutrient solubility and availability are induced by the acidification of soils by plant roots upon inoculation with the
fungus. The process occurs through the secretion of some organic acids such as gluconic, citric, and fumaric acids
(23] |n the case of sugarcane, both T. harzianum and T. viride were significantly effective in enhancing the uptake of
phosphorus as well as other micronutrients, thereby improving germination, tiller population, millable canes output,
and commercial cane sugar yield (CCS t/ha) 8. In tomato plants, shoot and root growth attributes as well as
chlorophyll content were significantly increased when sown in Trichoderma-fortified soil. Mineral contents in both
shoot and root were higher compared to control plants [Z4. Upon the application of T. virens, the efficiency of
nitrogen uptake in lettuce and rocket plants was greater with enhanced crop yield and quality. Those acids reduce
soil pH, subsequently allowing better nutrients solubility and uptake [28. Other than acidification, the induction of
root growth by the fungus and the increase in root biomass contributed to better nutrient absorption. It was

observed that the single inoculation of broccoli plants with T. viride significantly increased the above-ground fresh
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weight, root length, chlorophyll b, head diameter, root phosphorus content, and shoot nitrogen content compared to

uninoculated control plants 22,

Trichoderma sp. also secretes secondary metabolites that play important roles in elevating plant growth and yield.
For example, T. harzianum and T. atroviride, with their main secondary metabolites harzianic acid (HA) and 6-
pentyl-a-pyrone (6PP), respectively, were observed to improve grape plant growth, yield, and quality 9. Vinale et
al. 81 showed that the 6PP produced by Trichoderma has an auxin-like mechanism of action that is involved in
plant growth improvement. Further study demonstrated that 6PP is responsible for promoting plant growth and
regulating root architecture, inhibiting primary root growth, and inducing lateral root formation B2, This study
showed that 6PP modulated the expression of PIN auxin-transport proteins in a specific and dose-dependent
manner in primary roots. Other than that, T. harzianum was found to release a metabolite called harzianolide,
which is a plant growth regulator that is responsible for improving the growth of tomato seedlings 231, This study
revealed that harzianolide enhances root length and tips as well as induces the expression of genes involved in the
salicylic acid (PR1 and GLU) and jasmonate/ethylene (JERF3) signaling pathways that are related to the plant
defence mechanism. In arabidopsis, T. virens and T. atroviride were found to secrete indole acetic acid (IAA) and
auxin-related substances; these metabolites are important for root development 4. Studies have shown that rice
plants inoculated with T. asperellum produced better plant architecture, higher panicle number, longer panicle
length, and increased plant height B3EB8I37, This is in agreement with previous study on the application of T.
harzianum on maize plants. When applied to the soil or directly to the seeds, the fungus caused an increase in all
of the measured parameters, including growth parameters and levels of chlorophyll, starch, nucleic acids, total

protein, and phytohormones of the plants 28],

Numerous studies have been conducted to elaborate the mechanisms by which Trichoderma promotes plant
growth and development BAB1EAMML Some of these mechanisms can be explained by the upregulation of
photosynthesis-related proteins resulting in a better photosynthetic rate, plant nitrogen use efficiency 22, and
enhancement of plant nutrient uptake 2. While molecular studies on Trichoderma effects are still in a nascent
stage, some are showing promising results. For example, a large portion of the genes related to carbohydrate
metabolism, stress modulation, and photosynthesis were up-regulated in maize plants upon inoculation
with Trichoderma 31, Similarly, in rice, the presence of T. asperellum was found to be correlated with the up-
regulation of different genes, some of which have been identified to be involved in photosynthesis and chlorophyll
biosynthesis. The up-regulation of genes related to CO, fixation, response to light, and stomatal complex
development indicated an enhancement of the plant's efficiency in photosynthesis 4. Table 1 summarizes the

genes reported to be up-regulated in various plants upon Trichoderma inoculation.

Table 1. Up-regulated genes in some plants upon Trichoderma inoculation.

Plants Trichoderma Species Genes Observed Effects References
AL T. asperelloides MDAR In_crease_d O.S mo- [45]
cucumber protection/oxidative stress.
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Plants Trichoderma Species Genes Observed Effects References
Arabidopsis T. atrqvmde, AtERD14 Mitigated cold stress [46]
T. virens effects.
. NCED3, ACCO1, Improved tolerance to [47]
Rapeseed T. parareese ERF1 and PYL4 drought and salinity.
Wheat T longibrachiatum SOD, POD, and Seedlings were protected [48]
CAT from salinity.
Tomato T. harzianum TAS14 and P5CS Improved tolerance to cold. 9]
Potato T. harzianum Lox and GST1 Induction qf plant disease 5
resistance.
Poplar T. asperellum PdPapARF1 SIS (LI (1]

defence responses.
Kererences

1. Raza, A.; Razzaq, A.; Mehmood, S.; Zou, X.; Zhang, X.; Lv, Y.; Xu, J. Impact of climate change on
3eRelesof Trchotemiadm Sustainable PrantDisedse
.M@ﬁﬂ,m@mgbjerg, C.; Qureshi, M.E. Towards food security by 2050. Food Sec. 2015, 7,

179-183.
Since the 1920s, the very common, soil-inhabiting fungi, Trichoderma spp. have been recognized for their

chRBiaY &6 AeaRBANe Mg ERIBYAHYARARN pM YpatREENS KA¥BRG M MRR RS TRRISe ARl Gung;
anPRfdriRtiesHRRseR o EAERNT GiawthaansliavBRUGE RLFERPIMRERYEBISHARY PRI AR ¥AIRN to be
badBP RN leaitRl s oriRBAsE 1At fic€0#/oBd8da has been documented to control many pathogenic

BicEORFaRisMs 0 RN AR oPRGISe dBRIFIND 0 P8CIRYAIIKleeHrifmanas and  Xanthomonas), other fungi
(-Gt HRrkT a0 OHYHRGD 3 FEMBSIAT M In df (56L& K e RBROBP Ry 2B20)Vagnaporthe), the oomycetes

(Pythium and Phytophthora), and at least one virulent virus (green mottle mosaic virus on cucumber) 42]
5. Saba, H.D.; Vibhash, M.; Manisha, K.S.; Prashant Farham, H.; Tauseff, A. Trichoderma—A

3. IDACROEHHAE A5OBI6CH O IRg REsCAEIRSP MaRT PAllegeHie Badietiad, 524531

Brahi?E8el BRnslERhelent SLmiRRRs! YRS CLIRR: FRMBIMNGR (MYCGHNB IR0 dPRed to
eﬁe%t(l)\llleE/CgAhgglzt%’e%g%I‘is]é%gg'sl?ﬁclude plant breeding and cultural, chemical, biological, and physical control
Me&karesaiBjGohtroDayan s, akehefticsy dRirBep iiphiot, hactEnalgpitiybigestr ams avé Bathdalaihmanmicoeasat than

chepigmatsh ptietosiastlaetic Ttepetutbaik ApplcaimralbiohepDds H0, GRBuH46 acceptance towards resistant
Itj | hich h f bj I i | ive 22
B BoVedh, 3% Cahalgogeaztoa, I Eoengas. B Rodnguer Vi Carsa. ME "Rbifieira, R.
TrichSue % RnoiRSSISh QIHRRSS Var2CRN AR (RS RraVRIENL PP HR0Sh A IMY &l 4R eqative
bac gr%%),h%g%tg%rfgls'pspﬁl'mRt%Ria%cQ %%ng's(?’w%\(l)c?hz\é}vas attributed to the secretion of various compounds such as
I9sdzovedairidipEogni, EndAlidhdkdais, B Velascye . Etophyiil foages birabe prailbgrewttacterium R.
solgraraaters f@ssnbtairdbie duriepfilivat@raduttiaspeByionhiosig 202 Hjs®asd -Hd@dence was subsequently
1‘2;%‘?%@ : K‘f"sﬁ%@‘i%‘ﬁ?{‘k?ﬂ?&%@e ‘.Ic‘P. ; pl%?\tla%,o%. Ry, J"KEview 8%”8(3%?%?&%%%Vé"‘rsm%‘ih'eved
S b, R Y oBaT Kppl St oo 3T 33777 PPO and PAL B2
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1dlu tdickareg avaly e tdka) Phwiveidi coh et eaponBds tohériekadplen afsppcancitbebaatei mtyttpahinéns

inclsttessesnduntiviewt dedrtaroraopJricHugeohe nunkiil grol&dieiG6.tomato plants against Xanthomonas
[55]

1S VRREGON . (enSieo v ematiaing PRSI oiBeR af MhproadHed I8 LUl S oS dlihe tr%sence

o TURiStie. ahbaRS 58 REHSn S9°C5k SPARRO9 g, P Iecmmans ecion. T

harzianum activated separate metabolic pathways in cucumber that are involved in plant signaling and
IslodytigEsY - PMENPIBtderi AOTRRGOIRTY aMEHBE TRFONSIBARSIARBH adPOstvefal hsdsaefiGHigre plovided
by TeasRRIUdud02Q, ghy&Hle8 98 biosynthesis, lignification, and the accumulation of pathogenesis related

PO KIS ARELYUIBICHObIRA SRSREIRER PsiAbRIEeS SRlintero-Hernandez, V.: Mufioz-Rojas, J. Next

3.2 THERGYR ART S BIBCBREHST A dRtS YR N PRI GHAHBG LRI ob- Biotechnol. 2016,
10, 19-21.

1B SRIRRREETRATERA R 'SR SETSRANE R BHSRRCIE bR OIS A BROCREIA Ry osses

agncuhural aCtIVII'{Ie rr%%drog)?gps )qutsil%cr%%n FrTohns f I@Clt}FOﬁesﬁ.loFngOé% eradicate this problem is

crucial. Tr/choderma was found to have the ability to ellmlnate phytopathogenlc fungi through a mechanism known

18 R RsMsmCRsY iR oftes R R RALRFES: othe PRIBR GFEAHENZ al ihP3BMe dite, HiRASIP1RALIPI the
dorARdrR¥Riariog plant Rergdiciadimicrobes. Curr. Opin. Plant Biol. 2017, 38, 155-163.

17. Mahato, D. Trichoderma’s contribution in environmentally friendly plant disease management
My@%?rc Snﬁensb;fg o§8ﬂa §p%c§is_ l,‘%alves an attack on the pathogen’s cell or structures 281, It was reported

that T. koningii did not |nvade healthy tissues but colonized infected or damaged onion root tissues as a secondary
1&156 0@ndre RUGHLES A8BIHIASRieRIMITEERA B RS E /M E ARt IAHRIEN HHReSH RARL T
virda® i8R YardBiaehAd YR drivaRp RarfoBipie Ak ganas B L bubhid Pan irafe 2 PRERIZHED some
of tRNGSRY urdOER PR tR8sDRngi, thereby reducing their inoculum potential in soil 89, The pre-emergence of

19SS rdiaRaRgs, R cPERRd8eHINaRafRSd PleffiBORUR OKFERIYAE ORARURE 1T PSARIRIeRikPon T
Virep e RANRETH R BPALSHAPIRAARCBRPEHIEIRTRITE IR GRIFERIBRSEIBNS TOR) PRI BshirRg. the
gerpipaingsoon seed

280 ReyegRcids GluseatdaiasRiis RtARMdRRsE HalaaimadiinsicedhalaRi#RoNRER have shown
antagEaResMRsReIfas BiRkob /R OR kgl B3, pRle«, endochitinases, B-glucosidases, mannosidases,

2ANqRERfPRARSES Heleaardkby Gul#ZiandKe BREKOURd 9. 48 IyBIE IB SNerBRGRABY Sl YRS PBRagENS.
Incladiiic, RYionerdBes iaaelhercaiats, MTABH IS, Back RROBHIRRS: SOMARS SRR, In the
degz@q_%'to}gqulwnq_%_ cell wall membranes and proteins 3. Trichoderma also releases metabolites that are
capable of diminishing or antagonlzmg pathogenlc microbes 84, Fungal terpenoids (desoxyhemigossypol,

%%en’?ibc’?égbplmKT a- ”898%%”6‘ syn nee'sfllzce %O'Eo' 0%”%% na Ie '%gr\l/?r%%gre\}/vgﬁp#a UF](P I%oe at?e involved in

coml\{l)a{1 gq%n so ar%ﬂr% eé B%bls%rg mgt@&% Sgpa%%tlcl)\/rl\m(gp qrr%%nfem%afoornSHStgcl)rl]éa}vp|||r|1 cted chilies
|mpr&/ag]b%rq|8¥oavvtp anoh yle%i 'ﬁlrsEvga% a%PB'&%S o%hneq%jd%c?b ;I’E%hé) 'ar]n?)%glc%P disease of seedlings as
28elMbolla,rAdHKind sopi@nMskm HaduehibgsXellias, G.N.M. Trichoderma-enriched biofertilizer enhances

production and nutritional quality of tomato (Lycopersicon esculentum Mill.) and minimizes NPK
In ARQIHSE M ERAL, A@eﬁy_l@i@g_gfoiizhfrz%y@—}@ibits R. solani growth by the induction and expression of

lipoxygenase (Lox) and glutathione S-transferase (GST1) genes in the roots of potato plantlets that have been
S|leyadnrgosug’lyE?n%Cu%tf]e\éa\Bl ﬁlﬁaﬁpbrganlsnﬁ)sr @C}heRL%xEreI%g‘kp:lrgmj(ng g%c%eforcfllﬁllgmzelr% |(§" %‘% %‘?’o%fesses
durih e HIR RRP 0 BRI 10ah SPER K803 VN ALYl RN RlE s of chigBd (RIGE hat is
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invelvedinutimeLdptédicatlorVbE rokitosuBORb &l by Ihei2&hjugation with glutathione, the attenuation of oxidative

R8N RERBRL D FrERGUITEISRC h plahl 4roMiR Brorm e o H BRI o el enmeRshisiye' o
da%%rfgé%ﬁcaﬁié)rég’;eﬂs%pf_ciqoszg(fOS). The excessive production of ROS causes oxidative stress resulting in
the damage of cellular components, consequently leading to the death of plant cells 2. A study conducted by

20erriiyaimva b - Binghhd/ inAiMaathio Hiknd risRadeimpinduseddpariny e aaat dharesEh syirlchaady
chflBAEY QfiBUdR aanRy pABBESRCEgORBNS o380Af9 and B. cinerea, experienced less severe wilting and

2SHUNNG BYMPECMSLRIPRLGT 1B NABilRAAPIERE QU6 T R BRSHMILEERR QY H AT deedling growth

response and nutrient uptake. Afr. J. Biotechnol. 2011, 10, 5850-5855.
Besides their direct antagonistic effects against fungal and bacterial plant pathogens, Trichoderma species have

285 1ERRTIBANMN to RIIRENEsiMantiOgainst FEREs PlaeiResd A TiroissibaROMmaNtidn kambarsiner
locze PN ABRIdVITHe AlRcE-oetRlehtichedstnas hrsed Pigptimiaitsaariiate QP RBREEa model
rhiZBbatedighPoptiptiana AR IMprovgbhspiake fcBNCynyielh apdmuljiiond ualityptieal  maize
aga)(ﬁ'ﬁe(t,%p@&figﬁgﬁwt-g%ﬁf%i&?b 2013 Rer/ thdn that, T. virens was capable of inducing localized resistance

2Agaiavfar SHAA GYaFiR, o CRIASHASIS, Sroestlivaninayifies e enrie: snAesiaRyi Wigrplant 1. The
MeghEHTBRIMYRVRTIE AP YHAND AR MRRICIEENYBnYiRsRh 'dris b riBRgsT AL NC PlaRt e Sed
molggyiar leyelpdy thpsgants 2.

Sthdansdifedi MDHBemaVPRGREHNAN(S adiigs0difbrdnRBALISl AndHRRI DaM oM 18 s AR
exdMpl¥¥9Q Table 2-0rito, M. Trichoderma and its secondary metabolites improve yield and quality of

grapes. Crop Prot. 2017, 92, 176-181.

SRl G B TRe Rt R R A eR e P VA ANPS B rbetti, M.J.; Li, H.; Woo, S.L.;

Observed

Effects References

Plants Trichoderma Species Phytopathogens
Prevented the A

Tomato T. harzianum Clavibacter michiganensis incidence of ] % A
bacterial canker. -one

(@8]

Reduced
bacterial spots,
triggering

. systemic owth
T. harzianum and T. . . . . : [55]
Tomato X. euvesicatoria, Alternaria solani acquired hem

longibrachiatum resistance (SAR)
or induced
systemic
resistance (ISR). lerma

(@8]

(98]

Trichoderma spp.
AA2 inhibited the vicrobe
Tomato T. harzianum Ralstonia spp. growth and (53]
survival
of Ralstonia spp.

(@8]

rice

Tomato T. asperellum R. solanacearum Delayed wilt 4]
development,
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(@8]

(%)

(@8]

(@8]

Plants

Tomato

Arabidopsis

thaliana

Radish,
lettuce,
tomato

Rice

Cucumber

Citrus

Trichoderma Species

T. asperellum

T. asperelloides

T. hamatum

T. harzianum

T. asperellum

T. harzianum

Phytopathogens

F. oxysporum,
B. cinerea

P. syringae

X. campestris

X. oryzae

P. syringae pv. lachrymans

G. citricarpa

Observed
Effects
effectively
decreased
disease
incidence,
increased fruit
yield, and
improved plant
growth
promoation.

Inhibited ROS
production.

Lesser necrotic
lesions
surrounded by
extensively
spreading
chlorosis.

Lowered
bacterial
population and
disease severity
(bacterial leaf
spot).

Bacterial leaf

blight severity

was reduced
while plant
growth was
improved.

Transcript
accumulation of
biosynthetic
defence related
genes and
accumulation of
phenolic
compounds
(antimicrobial
activity).

The involvement
of protease
affecting the

germination of G.

citricarpa conidia,

salinity and drought due to a chorismate mutase. Agron. 2020, 10, 118.

References

[70]

[74]

under
6,72,

W.M.;
with

to

rma

»50.

3se, R.;
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008,

tomic
2. J.

A
and
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4 Plants
4
5

Onion
5
B
Y Cotton
5

Cotton
5
5 Cotton
5

Sunflower

5

Wheat
[

Trichoderma Species

T. koningii

T. virens

T. virens and T.
longibrachiatum

T. virens

T. koningii,
T. aureoviride,
T. longibrachiatum

T. harzianum,
T. aureoviride,
T. koningii

2012, 2012, 517529.

Pyrenophora triticirepentis

Observed
Effects
able to
deactivate the
pathogen’s
hydrolytic
enzymes that are
responsible for
plant tissues
necrosis.

Phytopathogens References

;um L.)

2

Destroyed the 08

hyphae, making ’
it detached at

septa, cell walls
dissolved, and
many hyphal

apices burst. 9

S. cepivorum
Jositive

Induced
terpenoid
synthesis, toxic
to the pathogen.

R. solani
omic
Cham,
Metabolized
pathogen
propagule
germination [61]
stimulants that
emanate from
the germinating
cotton seed.

duced
R. oryzae

used

Penetrated and
destroyed some
of the resting
structures of the

R. solani (69 stance

pathogen. PP-
Head rot
incidence was stion of
S. sclerotiorum significantly (7
2
reduced, delayed
epidemic onset. 343—-
Pathogen
mycelium on the nt
[E] 1

leaf surface
collapsed or
disintegrated.

ity 7 1y UYL U G TG g PR IO Io i o Ture 1 v e 1w vieor odOl

59. Metcalf, D.A.; Wilson, C.R. The process of antagonism of Sclerotium cepivorum in white rot
affected onion roots by Trichoderma koningii. Plant Pathol. 2001, 50, 249-257.
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€ Plants Trichoderma Species Phytopathogens OIIE)fsrzL\;:d References 09ical
Reduced the
€ occurrence of the 'ythium
Botryodiplodia three postharvest
. theobromae, Colletotrichum diseases, also 79
Rambutan T- harzianum gloeosporioides, Gliocephalotrichum retained the -
€ microchlamydosporum overall quality @éﬁ&a
and colour of the ggses of
[82] fruits. [83]
Suppressed
€ fungal infections 15];1;1_; T
T. atroviride, by
Chickpea T. koningii, F. oxysporum, mycoparasitism, [80] :ment of
(8 harzianum, Ascochyta rabiei antibiosis, and -feeding
T. hamatum competition for
€ oculated
space and/or
nutrients. %) eggs
[85] . showed
€ Induction of 2sis in
. : systemic llation of
AQZ%SSEZS’ T. harzianum B. cinerea [86] defence, (611
mediated by

jasmonic acid.

B0 1911 Ko ! 11D U S NI IR VWM EIUET | /SN WPSEERIINUUMIE OV CHIRE (Capsiva | Fanviui wrpasing plant
protRGEhD cRaeEts s e ein defitro kst darassisu demunae’s (Faraddomorryiflaciedienen e mpdadgicaction
of Dg0edermargs-@ mycoparasite fungus, Trichoderma species can act directly as an entomopathogen through

6parasitism, and the production of insecticidal secondary metabolites, antifeedant compounds and repellent

7. Hwang, 1.S.; Hwang, B.K. The pepper 9-Iipoxygen_ase ene CaLOX1 functions in defense and cell
metabolites. On top of that, this versatile fungus can’ act indire %%S a mé/coparasne through the activation of

death responses to mlcrobialgathogens. Plant Ph}/siol. 0, 152, 948-967, . _ o
systemic plant defensive responses, the -attraction of natural enemies, or the parasitism of insect-symbiotic

6Biculnensts EbnrivesxanipidratyidngiGebhiden habluathiongtetransfaraispsnzmeasngiantd to be
ablp@ilvogenl interaeiio psstHrentinBles tofiwin2B18,WinikBBants as well as increasing crop yield by 56.02% B,

SOk 98T ERBION, PRAYCDS, a3 i &P o BPIBIORrREY PLcasRyRg 70-80%
oW R A B ST 8% BRSO R B P B K e R Th A Eh 162503 2§ 7329815 ctus (a causal agent of
severe post-harvest losses in the common bean) [E&l,
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