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Abstract

Trichoderma spp. are used in biological plant protection as biofungicides as well as in bioremediatieszdrma spp.
arealso utilized as bidertilizer to improve and amend soil. To obtain more optimized germplasm resoufecehadrma spp.,
the diversity and distribution dfrichoderma species were investigated and explored in the Volcanic Forest Park and volcanic
platform in Heilongjiang Province, China. Twergjght soil samples near the root, including the rhizosphere of different plants
were collected. TheTrichoderma strains were screened by dilution plate method. Species were identified through
morphological charaeristics, analyses dhternal Transcribed Spac@S) sequences and genetic relationships based on
phylogenetic tree. As a result, a total of 2ichoderma strains were isolated from the two sampling spots and they were
identified to be members of 1hown species offrichoderma, including T. harzianum, T. hamatum, T. atroviride, T.
citrinoviride, T. virens, T. koningii, T. koningiopsis, T. viride, T. tomentosum, T. petersenii, H. stellate, T. saturnisporum andT.
asperellum. Among all the identified gecies,T. harzianum was the dominant species, accounting for 43.28% of the total,
followed byT. viride, which accounted for 14.93%. 12 species were obtained from the soil of the Volcanic Forest Park, while 8
species were acquired from the volcanic ptatfonhich showed the difference of species diversifiriwhoderma between the
two spots. In addition, there were difference3iiithoderma species and stains according to the differences of plants at each
sampling spot. In short, our results would ilfate the elementary diversity and distribution characteristi€sicdfoderma spp.
in the two specific types of soil and provide novel germplasm resources for improvedinitkederma bio-fertilizer.
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Introduction mycelium contributed and played cruciaoles in

promoting plant growth and resistance to biotic or abiotic
At present, the agricul tstrasses. (Mdrinddedinacpain &011; Mdiearet &d.,A2018;n | o n
I

term applicati 6pr oif | ichems drpathdetab, 8043; Josétiald 2085). h a s
caused irreversible damage (Thhet he afdat moaad ¢ Dheamiysaf € ma( L
etal. |, 2015; Pr a s INaverthegess,Sértailn s p20 L 6% . mai nloyr pcheodeomgdecdal orc hmar

mi croorgani sms have signiParcaBlasz e dl. & c t)30 loras coher dlilrisn
plantdi seases athedsoiloimpf awvimhgndi é6 6weedbrreari n 1794 and divided
& Shah, 2l 6; 204 8) . Studi epetiaee fboundhe hatol or of cor

bifoertilizers \Whchodehna app. ranedphion ogi clhidchodermaasppa.t i war,be cl a:
Bacillus &etc. have many ub aQga s f emilvdhiatans TrichoBeony, Eachybisign 0 r g a n
wast e, providing organi c nmatdBpociemutm. a Hb wiervemr e asbhansgedboeae f i
mi drec (Xiong, 2017) for (imel wdiing pThoaredfnormar kteh e, |
applicatfieornt idfi zleire can prmavrikdeer sg aetnteeavr cWwagsif bircati on
sustainabl e devel opment o fMeaignedkcéuMetivaretk,e 2010) . Most rec
Trichoderma spp. are known for their environment DN A b ar c o d lntermal Trahstribed BpacgrT S) 1
friendly traits as biocontrol agents. They are generalyand | TS2 sequences of the r DI

abwndant in nature and most of them are frequently founé f f ect i ve appr oach {fHypderea/qui ¢k
in the rhizophere of plants as well as on the trunk surface dfichodermaon t he genus and sSepecies

living trees, leaves and decaying wood (Egal., 2010; al. 20i6Key (www. isth.info) i
GalHemedet al., 2011). In recent years, studies haveTrichoderma s peci es evolutionary r
shown that Trichoderma has significant effects on mor phol ogi cal characteristics
i mproving plant s’ etal.,@01&dhaon cTachotlena $ @letnt ( 3 akcat i idhka B LMeSaln wh i
et al.,, 2019, drought Alwhibi et al., 2019 and high ( www. i st h. i nfo.) i's saqgueatab:
temperature (Hanson & Howell, 2004), and promotingi dent i fi cati on and similarity
plant growth (Azarmit al., 2011; Bombitiet al., 2012), f or | TS i denti fication. These
controling plant pathogenic fungi invasion (Rogp al., tr aditi onal met hods and avoid
2007; Kowalska, 2014; Munat al., 2019), and improving mor phol ogi cal i deedli,f i2x0€0x5)o.n (
soil condition (Saravanakumaat al., 2013). In these The Volanic Forest Park (E 128°582854', N 442

processes, the compounds secreted Toychoderma  44°19") is located in Ning'an City, Heilongjiang Province,
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China and has typical climate of temperate monsoon zone.ak en at the Volcanic Forest

The temperature changes greatly within a year; the averageo i | of five major colneedder ous
temperature in summer is2and-25°C in winter. trees and two herbaceous pl ar

I n addition, here the r aionflaelclt eids fa boum dtahnet vaonldc ahnui nti dpi
i s high, making the area & ovVilr gifn ffoaurre shte rfbualcle ooufs pprleacnitc
speci es  Rinasc komieniisn Gilia amurensis, Woody plant. Each soil sampl e
Phellodendron amurense, Fraxinus mandshurica, Larix b a mar kedt ewiatnhd tnhaemed aacc or O
olgensis, Picea jezoensis, Larix gmelini,e t ¢ . ( XU agne hY)Lua no,@t alOs k(20 h7) -afcd fsrore
2010). The soil of the Volﬁl@ugyér,gas (bre%tcr @k nggrea i s ge n
covered by plant debri s has icient moi sture a
abundant nutrients, makin olﬁoﬁ an@ umﬁal&ﬁ of strfinl: FRHd efalcthc i 94
nat ur al resource deBi gof 1tAQg op oa.5oki mabél so Was
|l eading to the entrance 0 i} % I‘ilo(b @?redgstl!?quke,d t
are a |l arge number of I?ﬂré c t}f ms, W h10| rrﬁcﬂ"ﬁ;
precious natural resourc 3 efi \}9 buf&d H ﬁe S0,
speci fic teyapes 2(0I—11126)ngwh|chI Wa 1€fe g3 pe ston app '
anci dmrctanve magma. No w sorﬂ]eEd‘)I“rg] aa” tothﬁq P@a ledt at
crevice; however, shrubs asrcb‘aéelrsé elt%0 tehr(emn;@b%ogﬁ
pl ants are particularly r &4 (fF(| B) ad dk dadpqle.e g qan
mi ght contaTrwhodermbsp@antrestLUrrceSEd 0” potato dextrose
However, investi gat Trididdesmao nd CtChOel ddijNsOt retiad y Vi(a2p0a0g5p)0. The i s
spp. in these two spots ha'v”eOCanHatbeedenO " ePBAt@gdiy@md to c

In this study, the divéresic¢yl tamdnai senpndbbutiodn Was

Hypocrea/ Trichoderma i n  pl ant rhizosgmernregedsoilly pihmet were repeat ec
Vol cani c Forest Par k andmedbboaninc op |da tcfooltrtnasma cgeurierde S
investigated. Met hodlso gi ccaohiba niyichw@fma snhorrap hnos . And these

characterizati on and rDNlAamédSassNGCE€1OI0ODMd twerNECC102
comprehensi vel Yrichudereads ptpa , i chd 20100r § yof each soil sample was weighed and
which the evolutionary r e khadughly mixdd iwithsL00whe dof steril@ Watet, thenegch b a's
on the | TS sequences and $£HMEItd URAS NGi IPhyd P gt iog, t2@
The results ofgrthlits sstguwdghch @IRSIUtio® Buspension) was equally applied to
identifying and invest i god baBal roseSbBrF@aG imediuf in peli NdsHed @y a |
Trichodermar e sour ces and this sjdghid &t &k din éarkft& BRafh adolht® Bolorie? '
devel opi rcgonptireont abgieont s f O fyarfaQci &{ al., 2800, dideiGubelzt®al,- 2017); the

isolates were then purified on potato dextrose agar medium

Material and Method (PDA) (Vizcainoet al., 2005). The purified isolates were
Soil sample collection: So i | s ampo lels e cveabsegguentty cultured on PDAegtium and the culturing
seperately in the Vol cani condifoo was ansisterda with the abdve. When coloes ¢ a n

platform in early Oct ober emRedgeds hyphiavweenet rgpeatedhi $ubcsltared poh #BA we |
collected from the Vol canmediumFio rordes tto aecmire knaoatandnates i sppdiet soi
samples were coll ected f r oofanies hfendiwdoalTdchodeima strpins.aThe isolated, Eac
soi l sampl & waspltamkéers a h btrainsswetee resgévely tnamed ase NECC10001 to
random s2p0otcsm adte p5t hs and c NEGBLOALE difteerc mumbera iinnthe NNgECC data were
over 20 g of fresh ( moi s tdiscostidupus, sodhe kend findl mumberdsNEGCH0216. s a mp

Fig. 1. Parti al pslcoetnse. OAf tthhee Viowa asip e€c iFalr est Par k. B
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Morphological identification of Trichoderma strains: Genbank, respectively (Tabl e
The purified strains wereidehtufiedd oms&obdmacasPera matde tufn
in petri di shes fdorambBowmddet aithead Spercmi es di stributior

shaped menaveuleu col |l ect ed fdrioanp | tatyee d P10 Bwziekuil o augy 8 t h e d omi n

medi um and placed near t hspe eidge, owmhiac hnedwcPDAepgdt2r. 90

di sh then i®Gciumatdedk.at TR8virgns. o Wnh trhaed ivawderctornasriys,t ed of t

shape and color of the cotoaynaerwhircehc owladeeidaumd fyt e o 2 ¢
i

hour s, and the microscopic mor phol ogy was observed
undenr optical microscope (Phylegenetie tré2 NP thd DrichodGmar AN Y pgenet i
(Bissett, 1984, 1991a 199Yk,eslowelrce) . const Wichalermand TiBas ed

sequences an dirichoderea sitdreanitnisf | welr
Molecular identification of Trichoderma spp.: The di vi ded into four maj or gr ou
Trichoderma + DNA was extractedC Clazssirfdinagt itesu. s p@0dm) ( ZMWan ¢ |
instructions of DNA extratt@ondki®r @opelgaand s@Anaouprhlelnl
r DNAwa s used as temps atr€corg@gingttpnghyg eebbtionship
TCCGTAGGTGAACGTGC G d 5-1 T 94 harzianum, T. tomentosum a n f virenscoul d be
TCCTCCGCTTATTGATATGC as t B¥OkWii opnrajrphd ys cilassi fied as
PCR amplification in ptimAf Yisens cffeftehferll:ﬂ Fcstyliggb arsij uymp
E x Taq® manufacturer’s W& Hs F BEFH‘) \’-'9 gh ¥lblasi a
Bi otechnology Co. , LIt eds, \AD%;\ Qe‘?v'é' ndrhesatuguép% ong|ng t

i IV in
set adsenapruer @i boar a3 ®©&An30 £c rcmuqe
s, C580°,1 7@in for 40 tgc klongz%zopszs grpeéersenu T konlngll a nﬂasperellum
| n g eﬁ’lchbdgmat h ? % up .o

min at the end. The I TS Fyv(? robcsa a'nd
recovered through geI-Plelxe VerSltyil(I)

Kit) followihg@ctagaphbeseegig est1

I' TS fragment wa s clo8nTs t vegt,grd le”ct
(Takara) then sequenced (ghanghag
The sequenciestt aveBeol.GbAC CcEiS\Sji Pd |

n
c
%ﬁ é glc%]o%egma in ythe two

sV 184 odermastrains coll e
Pni orest Par k wer
§tar”egi°r’f‘s Coo1:1 eChtiengad ) r
nto 8 species.

numbers are as in Table 1.
Diversity of Trichoderma in the Volcanic Forest Park:
Statistical analysis According to our results, thi
mo r @&richoderma speci es, whi ch i ndi
The ITS sequences of unidentifieGrichoderma i odi ver si t Y, probably due

strains were searched against the ISTH database. StatisliG, v i r oA lneimim was t he domi nant
analyses were performed using Microsoft Office Excelt he Volcanic FRoiagt fBark,l. do:¢
2007 (Microsoft Co. USA). Phylogenetic trees of the ’
identified Trichoderma strains isolated fromhe two
sampling spots were constructed by Neighbamining
method using MEGA 6 software with bootstrap

total, and i T vima, s wWhoilclho weals ba
17 . 7 9 %roviride, T. tomentosum a n @. stellate
respectively accounted for 11

ot al i solated strains as di

resampling (1000 trials . .
pling ( ) OfTrichodermawere obtained in the r
Results coni ferous trees, 5 of whi ch

S 0 i Piceagekoensis, and 4 Piva koeienkis; 0 m
Morphological identification: As a r es ul t , Abigsgephrofgpis @ n fyyiegpelinir e spectively.

i ndi v lridhedarina st ai ns wer e 0Dit g melyandg o drichodema svpe ei @ss oo fat
preliminary classificati (frﬁ_onbft henhé higeophyjeariesps qiglgd ot
Trichodermas pp., according to WRéChHhn§t XReedahgrigdapnpdm d 4 (e wer e

and BiBigeldma'cd assi ficati ond trenguigmaengflbizziakelkere. e

201 strains weras riolhught gl li awinmtghtesrie xdn/@aderyassepsp .ofdi ver sity
s p e ¢ T @éaszianum, T. hamatum, T. atroviride, T. rhizosphere of da Ifcfeemrieon t F oprl easnt
citrinoviride, 7. virens a n di. stellate. Mor phdledgy!l ed t hat Tahardiasumgleviremsu mb e r

conidiophore, phial omer i @R atguide std Aandindi ueX i satregd i n

characterization of theseC&Riafiarlso Ul jdcare efsiheefIoq@uipsp A efr

5 days are shown in Fig. BUhnbhepgewdsd iwhodermaekisvearmsi ty
about t he 3 paguetseaify T. kotingipveesr. e

ITS sequence analysiss Thr ough sequené@ebPh@jnedckein TtShe rhizosphere ¢
sequences of the isolate@®dot20fiownd ai ms t Wwelreeahviezda phregess.
Among them, 57 strains welrer bfacenodd stampnlingalytesentosune a h@ g he st
consistency with previ ousaywnispoxuin®e ke edatian nihhiel e hdeodrsph
against the | STH databasdeafThetreesr eslpowevarg, st haynsv
carrysagsehaences were nameidz easnpdh enruvemboefr ecdonbhyf er ous tr e
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Table 1. Information of isolated Trichoderma strains.

Strains No. * Quantity " Accession No. ITS strains ISTH strains Identities (%)
NECC1001 1 MF 3 5 1 6 4T harzianum CPK839 100
NECC1001 7 MF 3 5 1 6 4T harzianum DAOM2314 99
NECC100:2 3 MF 3 5 1 6 4T harzianum DAOM2314 100
NECC100:2 8 MF 3 5 1 6 4T harzianum DAOM2314 100
NECC100:2 1 MF 3 5 1 6 4T harzianum DAOM2299 99
NECC100: 8 MF 3 51 6 4T hamatum DAOM1670 99
NECC100: 1 MF 3 51 6 4T atroviride CBS142. 100
NECC100: 2 MF 3 5 1 6 4T harzianum DAOM2299 100
NECC100: 1 MF 3 5 1 6 tTharzianum NR5555 99
NECC100¢ 1 MF 3 51 6 tT harzianum DAOM2314 99
NECC100¢ 2 MF 351 6 T virens CBS249. 98
NECC100¢ 1 MF 3 51 6 tT harzianum DAOM2314 99
NECC100¢ 2 MF 3 5 1 6 tT koningiopsis GJSsaae 100
NECC100¢ 6 MF 3 51 6 tT harzianum NR5555 100
NECC100¢ 3 MF 3 51 6 tT harzianum DAOM2299 100
NECC100¢ 2 MF 351 6 T viride GJS86ez2 100
NECC100¢ 1 MF 3 51 6 tT harzianum DAOM2314 99
NECC100¢ 1 MF 3 51 6 T petersenii GJS085 100
NECC100¢ 3 MF 3 51 6 €T harzianum DAOM2314 99
NECC100¢€ 1 MF 3 51 6 €T harzianum DAOM2299 100
NECC100¢€ 4 MF 3 51 6 €T harzianum DAOM2299 100
NECC100¢€ 2 MF 3 51 6 €T atroviride CBS142. 100
NECC100¢€ 1 MF 3 51 6 €T harzianum DAOM2314 99
NECC100¢€ 2 MF 3 5 1 6 €T citrinoviride CBS258. 100
NECC1007 6 MF 3 51 6 €T harzianum DAOM2314 99
NECC1007 1 MF 351 6 €T virens CBS249. 98
NECC1007 3 MF 3 51 6 €T harzianum DAOM2314 99
NECC1007 3 MF 351 6 €T virens CBS249. 99
NECC1007 14 MF 351 6 7H. stellate GJSQ292 99
NECC100¢ 23 MF 351 6 7T virens CBS249. 98
NECC100¢ 11 MF 351 6 7T harzianum DAOM2299 99
NECC100¢ 2 MF 3 51 6 7T atroviride CBS142. 99
NECC100¢ 1 MF 351 6 7T virens CBS249. 98
NECC100¢ 9 MF 3 51 6 7T tomentosum DAOM1787 99
NECC101¢(C 2 MF 351 6 7T harzianum DAOM2316 99
NECC101¢(C 6 MF 3 51 6 7T tomentosum DAOM1787 99
NECC1011 1 MF 351 6 7T harzianum DAOM2314 99
NECC101¢ 1 MF 351 6 7T harzianum DAOM2316 99
NECC101¢ 3 MF 3 51 6 €T koningii CBS459. 99
NECC101¢ 5 MF 3 51 6 €T harzianum DAOM2314 97
NECC101¢ 16 MF 3 51 6 €T atroviride CBs142. 100
NECC101E¢ 2 MF 3 5 1 6 &T saturnisporum ATCC1809( 99
NECC101¢ 3 MF 3 51 6 €T harzianum NR5555 99
NECC101¢ 2 MF 3 51 6 €T harzianum DAOM2314 100
NECC101¢ 2 MF 3 51 6 €T hamatum DAOM1670 99
NECC101¢ 2 MF 3 51 6 €T harzianum DAOM2314 99
NECC101¢ 2 MF 3 51 6 €T harzianum DAOM2314 99
NECC102¢( 4 MF 3 51 6 €T citrinoviride CBs258 100
NECC102¢C 1 MF 3 5 1 6 ST saturnisporum ATCC1809( 100
NECC102¢( 2 MF 351 6 ¢T harzianum DAOM2314 99
NECC102CcC 3 MF 351 6 ¢<T hamatum DAOM1670 99
NECC102¢(C 1 MF 3 51 6 ¢T harzianum DAOM2314 99
NECC102¢( 1 MF 3 51 6 ¢T saturnisporum ATCC189( 100
NECC1021 1 MF 3 51 6 ¢T asperellum CBs433. 99
NECC1021 1 MF 3 5 1 6 ¢T koningiopsis GJSQaae 99
NECC102]1 2 MF 3 5 1 6 <T saturnisporum ATCC189( 100
NECC102]1 1 MF 351 6 <7 harzianum DAOM2221 100
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Fig. 2. The col ony anT®ichedérmaoons CORAI af me r p cTohbrbiapuyn;eBdT. hamatdng €.3.. A
atroviride; D. T. citrinoviride; E. T. virens; F. H. stellat.t AZF1 The fr ont of cFo2Th ey bgarcawbli sbhaba
st at-E3MiA3r oscopic morphology. 1 Conidiophowm; 2 Phialomeriste

Table 2. Morphological identity of Trichoderma.
Trichoderma species  Colony morphology on PDA Microscopic morphology
The <conidiophore wa
primary branch angl
secondary branch ar

Col ony growed fast
and someti mes pres

T. harzianum surface was granulwas al so complicate:
' spordul atesters whic bal bboosvea t @ Wi
green to dark greenwas subgl oo
(Fi 5 A1 A2) an_d sl ender bottom.

' (Fig. 2 A3)
Fast growth with naThe upper partof the conidial spindle was o
no conidia for mat i ocurved, serrated or hooked and the branch
and regul ar with a irregular; phialomeristem was subglobose \
T. hamatum (Fig. 2 B1, B2) constricted bottom and the top narrowed abru
Conidium was white and elliptical, the size v
about 3 withdb5 wpoht hengt

(Fig. 2 B3)
Rapid growth with cDidymous concdmaphor
irregul ar mar gi n; itypical branch of c
T. atroviride denser at fast thenbranch. Conidium wa:
color became dark gdiameter pms about 3

(Fig 2 Cl1, C2) (Fig. 2 C3)
Grow gui ckly wi t h The conidiophore has a longer spindle with fe
mycelium was r egul &branches, the phialomeristemas cylindrical with
of yellow, coni di op middle slightly thicker. In most cases, conidi
T. citrinoviride (Fig. 2 D1, D2) produced at the edge of the colony, shape
oval, size was about2 pm wi d4 h}

length.

(Fig. 2 D3)
Grow faster, mycel iThe conidiophore was
color wasofgomywhitwith 2 to 5 phial ome
(Fig. 2 E1, E2) colyliform,; the bott
T. virens constricted and enl
gradually attenuated
gl obose4 mbwiudt # nmiltehn

(Fig 2 E3)
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T. harzianum, T. citrinoviride a n 8 saturnisporum we r e
found in t he rhizophere of
rhizosephof herbs, tMheddemawer e |
in the rhizophere of Qusrtuy ubs.
mongolica, Populus cathayana a n d  @teriglaphyta

43.28% exi sted t he TIewdgmeastp exmewsnt of
Discussion
The <coll ection afridhodomul | at i

has been carried out for yea
resour tiehsdernmf There are 256
01% /0:5%" : Trichoderma t h at have been i denti
including 117 kinds of new sy

B T harziamim BT virens u T atroviride B T fomentosum (Zhu & Li, 2016; Zhanget al., 2016: Qin& Zhuang,

B A stellate BT hamatum T citrinoviride W T. saturnisporum 2016 . H o \@rechodening h a s unstabl e mo r
T. koningii T koningiopsis W T. petersenii T. asperellum whi ch makes t he identificati
8 T viride subjective and objective fac:
) ) ~conclusion that it i s necess

Fig. 3. The species and d'shé'nki/Ut'koif“ndoi;fd AEi FPedlt i20n iInset

Trichodermas t r ai ns .

classification (Bissett, 1
5 & identification methods combir
m . .
‘é§ mol ecul ar biology were used i
o 2 N . . g . .
= 2 2 § s di str i bTithodeema tof ef fectively z
= & & . . .
-1V §§§ i naccumarcg mdr phol ogi cal i den
g8 s $ P Trichodermai s wi dely distributed
g P results of previous studies
2 \\Q'G@“ . . .
4@%00 = iy the soil type, fertility sta
ey N o™ have great effect Sricodermd, he di
7 = . . .
stoo,o;% < *\ oo™ and these studies also indica
st”'ss/' wecc beneficial to the colonizati:
NECC100e2 wecc?® 0 fTrichoderma (Ye akend. , RO1ARt present
”jggc’fggz - INECC10047 resear c Weelodernmnr esour ces ar e
NECC10048 = INECC10057 concentrated in the0®qutShunogf
NEC;‘:’::Z; : NECC1916, 2013), the Shandaemig, POildjulas
“E“eozgf;&a' . NNECC’OOSS ot her areas, whil e studi es
x*i&o«““ C1024, Trichodermai n t he northeastern col
é ' S S0 especially in the original
VENSEs m‘%?% <, v . ; . _
e&og(?@g;gg«g%(%s% Y, 05 volcanic platfoomcaidihe Boi é&st
@ O S S= 59 7 . . .
*§§§§g§,‘§%‘g"%" %, and volcanic platform in Ni/j
w w . . . .
T Province is |l ess investigate
volcanic | ava and nurtured di

F i 4 Phylogenetic analysis tfe 57Trichoderma strains.The The characteristics of mi cr ob
curves of green, pink, blue and yellow represent groups |, II, 1l

and IV respectivelyEv ol uti onary tree wa@® doh&tMedgrmeasy oy the proce
met hod with 1000 bootstrap rés&mpaSsigern/. (HRAHBEZ). Due to t|
of both terrain and soil we a't
Diversity of Trichoderma in the volcanic platform: has al so changed greatly. Fo
Pl ants in vol cmaonsitcl yp|haetrfbosV.enl Wiatnhe cl afmalr e st Park was goo
close to bare state, the opgorevt pleamvii rromsnecht e ©,f plha rcths
poor. However, such growt Hicacmdietriyons efwdiogdmte.cd 8@g écfto ft h
t hTeichodermai sol ates may have hobdglbaadaptpalbatifiarym @as rich
results dhowem wadast il thai rdtoani meadt t he mo st pri mit:i
spiee in this sampling spotv,olaamnduwnteirnugp tfioorn.5 21.n6 3a%l doift iao
i sol at ed Sthamatimnasn, O sasdmisporem i Oct ober, and the average ter
accounted for 15. 79% andcoll3d 1&§re a rcciC@ p@ltt ishe hsy.st i Ase .
shown in Tabl e 4, harztawe, T n ucmobnedrist i @fn , Trichodeema 5 ppl atvede s upy
hamatum a n @ saturnisporum St r ai ns wer et owucohe hmgher adaptable to col
i n this s dnvpehsj T grinovipide & n @ sel ected t he Vol canic nForest
koningiopsiswer e only found in thleartfhozmphereheft whrepeci al s
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In this study, the ITS sequences of #échoderma  Conclusion

strains were compared in thelrichOKEY and ] )
TrichoBLAST databases. It was found that 41 strains, The results of this study showed that the dominant
accounting for 71.93% of total, had consistent ITSSPecie of the two sampling investigatedngéing spots
sequences when searched in either of the two databas¥re PO, harzianum, but there were some differences in
while 16 strains did not have inconsistent sequence data, 5/choderma species variety and their distribution, possibly
strains of which were unidentified speciesToithoderma be_cause of the _dlfferent _envirenments. The number of
in the TrichOKEY database. There were 21 strains who /lchoderma species obtained in the rhizosphere Qf
had ITS sequences of 100% identity compared with th ongolica and P. cathayana from both sampling spots

. i 3 uggested that there are chances that roiaaoderma
existing ITS sequences MrichoBLAST database; 31 oo exist in the volcanic platform. It might be because

strains with the 99% identity, 4 strains and 1 strain Withthat the soil of volcanic platform contains high variety and
98% and 97% identity, respéatly. As the identification  |5rge quantity of mineralr')s, which mightrt&fit?he grovv){h
process ofTrichoderma was complex, the identification of various Trichooderma species. Additionally, secretions
results in this study were comprehensively based on thgf the plant root in volcanic platforms might be more
results of morphological observation and molecularconducive to the survival dfrichoderma. After all, plants
identification of ITS sequences. As for the identificationneed the help dfrichoderma in order to better survive, and
work of suspected new speciesTafichoderma, it will be  this keneficial symbiosis could promote the growth of both
carried out in the future. Trichoderma and plants.

From the analysis of the diversity @fichoderma,
the dominant specie of both sampling spots Tis  Acknowledgment
harzianum. This result was consistent with Sun’s findings
of the diversity ofTrichoderma in Liaoning Province This work was supported by grants from the National
(Sunet al., 2006). Studies have found th&tharzianum Natural Science Foundation of China (NSFC: 31370642),
not only was dominant specie in northeastern China, buhe Fundamental Research Funds for the Central
also in other parts of China (Wehal., 1993; Zhang & Universiies (2572015EY01), arttie Postdoctoral Science
Xu, 2005; Cheng, 2006; Xia, 2009). At some extentpfall research Developmental Foundation of Heilongjiang
these studies have proved that harzianum is highly ~ Province (LBHQ11176).
adaptable to the environment.

Based on the results of this study, the differences dReferences
plant species in the sampling spots had a great influence on

the space and quantiy distribution ®fichoderma. Soil whibi, M. S., -AlldhsheamA. EAFqgaAl

sampl es wer e coll ected frSo“f?”’lé'sh%w'répzm_hlldncu'ea’ggaadml
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might be thatTrichoderma could enhanced soil moisture B o
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China is a country of great biodiversity, but there are
relatively few studies on thErichoderma diversity, and it
is difficult to accurately elucidate the distribution of
Trichoderma species in a certain region of China. With
the increasing apmation value of Trichoderma in
industry, agriculture and environment protection and
other fields, the investigation and function analysis ofC h
Trichoderma have become more and more important. It is
of great significance to research the resources OE) ;
Trichoderma and finding special functional strains for the
development of Trichoderma—based soil amendment
agents and developing bfertilizers in cold areas.

Bt

_ang

I ssett,

i DPUt o 4 & Biogethpoln G BBSH .
ssett, J. 1984 .TricRkoderma i 1 Sieart | @fn
Longibrachiatums e ¢ t CamJoBot., 6 2 : -9B214

J. 1 9t9Hhle gRechodesnai 1sli o n
infrageneri €CantBon688i f-238BF. on.
ssett, J. 19 9 1 Tricihdermelvl]i Iss et iod n
pachybasium. Can JBot., 6 9 : -23 4 B7 .

ssett,A Jrrevi%9 b.n Midhodetmh & V genus
additional nLongileaghiatom Cas £Bodt, i 0 n

0

69 2428.

aszczyk, L., M. Si wul ski, K. R
Jedr yczk @ichodeznfd 1s4p.p.appl i @adi on
prospectusefdon organic farming
54: -33079

mbi ti, N. , M. Di anal and S. Pu
(Solanum lycopersicum L . ) t o nursery inoc
Trichoderma harzianum and ar buscul ar mycor

under fiel dca cdgrioultiiad Scandingvica
Section B-Soil and Plant Science., 6 2 : -221B9

Chen, J.A.,, Y.C. Duan, F. Guo, W.H. Yang, W.J. Chen and S.B.

Wan.2 0 1Bc ol ogi c a llrich&léracacgte nd f o n

platform field soil i m@hno vemen
J. Eco-Agriculture,2 4 :-9 B 0

eng, L. Y. 20 O0lGchodelmdemecif &€ ait $ oln:
from three subst&PRjficegriciFom Fuj i a
Univ,35: -666%2

uzhinina, | . S., A. G. Kopchi nsk
Szakacs amd c €k P. 2K@5. An ol i
barcode for S p e clriehedermis @t i f c a
Hypocrea. Fungal Genet Biol., 4 2 : -88183



INVESTIGATION OF THE DIVERSITY AND DISTRIBUTION OFTRICHODERMA 343

GalHe med ., L. At adhalsdvaws kMRoj p B8dn G. , M. M. Reynoso, M. F e
Druzhinina, A. Viterbo and ToO.r 2@@&B/idelno gi T&Tichaderdbespelce eys o f
i s ol altickodermads p p . as potential Maariontsodehie n a st agepesanut brown ro
of biological zeamet raglrdppd wirt uacen di Erdp Brov.s2.6 : -55469
Environ Microbiol, 77 : -5109. SaravanakKumarn. S. Arasu and K. Kaf
Hanson, L. E. and C. R. Howel | . T2idodeAna o B 1 isoiitl o rpsh oosfp hpalt @n ts odleufbeir
responses from Wichodeonn tirena | s ti rmpir ro s edoidennid maiind. Aquat Bot, 1 0 4 :-1 A H.1
Phytopathology, 9 4-178 71 Siddi queea, S., S. N. Shaf awati a
Huang, Y. Y., L. Y. Qu, X. C. Quc omp @ s tSi. Mg Dbhuempez. USsouinly p C
mi crobi al community c har ac tTachotegmu $ T 15 Bivtavimod Repy,, 1 3d7 .f1f er ent
vegetation typ-esasaftt tRlatH&urong,e nki ngpro X. Duan and G. Z. L
| ake ar e adca RH Sig,18i2na-2826. i dent i fTrich@trmaspeafi es in Liaonin
Jalali, F., D. Zeadri and H. Salari. 2017. Volatile organic J. Fungal Res., 4 : -438
compounds of som&richoderma spp. increase growth and Su n, R. Y. 2013. Resoui oa amnldl e
induce salt tolerance in Arabidopsis thaliaRangal Ecol., biocontrol dniclotlenma ti isoon a tod d froe
29:67-75. sout hern China. Shanghai, Chi
Jos®8, FERRamén BAHTf He d dricho@rihd &bs. Pl ant Protection Shanghai Jiao
biostimekphoiting the multTdiewat hipropPertPeG. o86i mgip|] aAt Mi s
benef i c ScaMortit-amsteglom., 1 96 :-1 28 9 R. T. Bai s ana@® 1Rrichddermdt r iap gptohtie.ntl
Kopchinskiy, A. , M. Ko mo n , C. Pbi Kundbmedikataomd 1 0S. @dwTlacknd n me n & a
2005. TrichoBlast: A multilocus database fmichoderma Envir,1 5 : -55%401
andHypocrea identifications.Mycol Res., 109: 658660. Var ga s , S., S. Pastor and G. J.
Kowalska, J. 2014. Organically grown Brassica napuse of i solation of b Triohadermat s@lp . ,a g e |
border strips and Trichoderma. Acta Agriculturae Gliocladium s p p . and afcrtdmosnyiclet wist h
Scandinavica Section B-Soil and Plant Science, 62: 529536. me d Miarobiol Res., 1 6 4 9-B50 5 .
Liu, Y. B. , X. B. Pan -280nld Jr.e&.Virdaino, dA., A 0Sanz, A Badilio, F ¥i6ehte, S Gutiérrez, MR.
fertilizer use, pestici de apHetmosa ardiEblonte. 2005 Screeréng efaahtimicyobia | d s :
r e v idgow Sustain Dev., 3 58: 3 3 . activiies in Trichoderma isolates representing three
Ma o , J. X., Y. Yuan, J. H. Z h a n grichod&maGectionéfycolgRes., 100: 1397140€ h e n , R.

Wang, Y. S. Huang, H. Wang, Wern M. CYang, JY.H. IFaaShtgunddYeW .Roo.n Cl
Hand and2®1BfZ endgickderemdst r ai ns Daxonomy offichodlebmei yenowst hwestern
t he wmicol ogy t he rhizospherAta MwliSln.,1 Df-13d8ctyl i s

gl omerata throughpuwttigbeque&nai,ng. Hna298Dbs. Bi odi Wiehvdsmat 'y r es

Pak. J. Bot. , 501241®.33 fromaYunmrovi nce: data from m
Mar t-Meé i n,a,RoA dahl, b &c etAePaasncdu aJl sequence. Kun Mi ng, Chi na.
201TMhe interaction wathfanbiusSowltdmwemycdromrlkiszry University)
Trichoderma harzianum al t er s t he shootXilorgmo al, groGube A. Jousset, Q
i n mel oRhytophbma "2 s 22203 George and Q. R.-f eShteinl.i z20 1 7a.p pl
Mcl ean, K. L., J. S. Hunt , A. Stiewhude p s 6 BWi it @ n e s.s].adPaoirntsetr RAw
Villalta. 2012 .Trickodermp ardviridei | i tlyy orfesahapi ng t Ko# Bid Bidclem., hiLdtr obi o
bi ocoad e ot wi t h managelment RB-B4Vices of
cr o@wProt,33:-108. Xu, B. and J. Yuan. 2010. I mpac
Mei nc ke, R. , N. Weinert, V. RadlegeMat 8oml o the rHu ok.h afiE&dat aN aat ni do
Berg. 2010. Devel opment of Fao, md®ecul ar approach to
describe theTridiwamed mmuor t oveesa.kub, MK. Ma,njH.r ul , A. H. Mol | a,
Microbiol Meth., 8 0 : -6 3 M. Z. ADaAmt i oxi dant compounds
Muni r, S. , N . Ah med, M Abi d, 3 .oUna t REt&odabny,e nM.i cAshdr abfi,o fle.r X.i | i
Zhang and M. Anees. 2019. Crhe lt atniod rys hicp aveitti h. iltehyedgosiobi:tl h ee n v
i ndi g &wodersa spgfrom the nort hé WVléd St of
Paki stan against t hPek. JfBatn g aZlh amhgy t oCp. aLt. h oagnednrsd sTricRbderma 2@0e0c5i. e sRe ¢
51: -71161 from Hebei, Zhejiang, Yunnan
Osé&i a, M., M. Szczech, A.G St e pMyowsssieraa, 2 4U.-1198Mo | i nska and
Bartoszewski2 0 1 7 . MonThdhodermaegeoerhang, G. Z. , H. T. YaKg, GXoJ. YZh
agricultural soil i n respbonapg fBaoad &bk dheaakliicktl aff know
bi opr e pBo Girdldnl 8 :7 26 5 Trichoderma. Mycosystema, 3 3 +1 3102 1 0
Paz, Z., -Mel aKomeha, I . S. Ihang, GIZi, %.J. Zhang, C.YMLi, .M. Li, Z. Li and H.T. Yang.

Aveskamp, A. Shnaiderman, Y. 206 u%esen SChinesea mewe records Nof the | genus
and O. Yarden. 2010. Di ver s ilrcipderianMycosystema, 3% 983983 ant|fungal

properties of fungi associ 40889wi tHh .a YM&Mi tY&Mr agnheth nH s@-onéé
Fungal Divers, 4 2 :-2 @ 7 cl assi fi cliahbderman s pefci es i Shai
Prashar, P. and S. Shaht|200|1d6esplerlﬁ|5yélPA@V&QF’Blfﬂe%% Iljig@dérs pes
on soi l microflora inSparglrnlg%erE E:’S$ é’i % TR%\?maer Q.

I nternational Publishin Swi é n’d h ol eamhase P
9. avperelﬁzm 280 ngbM?phvumﬁer salt st

Qin, W.T. and W.Y. Zhuang. 2016. Four new species of J Inteor Aer. 16 1-BA46 .
Trichoderma with hyaline ascospores in the Brevicompactum Zhu, Z.X gandg Y. Li. 2016. Three new Chinese records of
and Longibrachiatum cladedycosystema, 35: 13171 36. Trichoderma (Hypocreaceae). Mycosystema, 35: 14061 45.

( Recei ved flolr Apuwhilsitc a&t0ildn



