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Abstract

Fusarium wilt is one of the most important diseases of tomato seriously threatening the cultivation and
development of this crop worldwide. In this study, the biocontrol potential of four basidiomycota fungal
endophytes isolated from wheat and wild oat, namely Rhizoctonia endophytica M32, R. zeae M9, Fomes
inzengae M40 and Coprinopsis urticicola M2, was evaluated against fusarium wilt of tomato under
laboratory and greenhouse conditions. In lab, identity and race of the pathogen was first determined using
phylogenetic inference and specific primers. In addition, antagonistic potential of fungal endophytes in
inhibiting the pathogen and possible plant resistance induction was assessed through dual culture, volatile
metabolite production, pot cultivation, split-root and root-cutting tests. Molecular evidence determined the
identity of the pathogen as Fusarium oxysporum f. sp. lycopersici race 3. Lab tests showed that in duel
culture test all four fungal endophytes were able to reduction of colony diameter of pathogen significantly
five and seven days after inoculation compared to control. In volatile metabolite test all isolates could reduce
mycelial growth of the pathogen significantly compared to control except R. zeae M9 in third and fifth day.
Under greenhouse condition, only C. urticicola M2 isolate could significantly reduce the severity of
fusarium wilt of tomato and increase plant growth factors compared to the control and other fungal
endopytes. Through split-root and root-cutting tests, the possible mechanism of disease severity reduction
caused by C. urticicola M2 was identified as stimulation and induction of resistance in tomato plant. This
study is the first report on the evaluation of the biocontrol ability of the endophytic fungus, C. urticicola M2,
in suppression of fusarium wilt disease of tomato.

Key words: Lycopersicum esculentum Miller., Disease severity, Physiological race, fungal endophytes,
Antagonistic activity.
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Table 1. Determination of formae specials and races of Fusarium oxysporum f. sp. lycopersici using specific

primers (Hirano and Arie 2006).

Races

Primers

Uni Spl3 Sp23

Fusarium oxysporum f.sp. lycopersici race 1~ + + -
Fusarium oxysporum f.sp. lycopersici race 2 + - +
Fusarium oxysporum f.sp. lycopersici race 3~ + + +

Al e ol gl ST Lo sy 50 55wl iSO pde b oSS edias DL S S 4 — 5+

S0k ol 4 el ~—5,) Beliy naliv .3,
SRS S wbdS Ll s (S par S essli s
YUY e s glaamalS Ga, T 308 51
S oler Ui slaaaelS s el S,
laatyy 5 ol CulS ey 5l ada; bolen (S b4 S
TSRV VLT R L U U O
Vo7 0S15) ol gl Ol s )3 4B iy ks
WA gab g (U3 e e O 1) o 2 53 5 sl 1
5 o ey O e S b los (g5l LOlS s
sles po OS5 5 s Vi) il w4 Sl 5 S
dals OIS s us g 5l S Sl am s YEYA

VY

! roles 005!

31 5 sl s Ml 05T l plsil g

ol ) s T 03,5 Wl L S jley 26 gls g
039 03 L;LAQ.JS@G_MOJB Sl 5 O e ke
O fm 3t 3l eslazal L (PDA, potato dextrose agar)
3V 5 5e O il g 0315 558 ) e 5 03 8 4
Y a5 gl (ST, (o= ) Bls
sl 5 5 Ad 5skes (Hemocytometer) o st son
Karimietal.) . S ol 2 e o 53 sl Vx 1Y
a8 edd b Ssteds slands las) (2017

113



8 S skl U K iam o e l3h (S mh olem e g 01Kan 5 i

DL s g lasis 5 s S eslanl 2506 O
Dennis ) L IS 3l S Sl a5 YOXY cles L
b s LS8 e sl a6l .(and Webster 1971a
50dd sy a0 Ailiss S pe 4 SRS LS a8 S
mj@cwwﬁymﬁ)uﬁ@ts&ﬁtu
g8 S s 5 SKlssl A 5 g Sesll 5,
S ot Y S S

S (%) = C-T/C*100 — Y U 5

2 Sl a8y bs T SWylssk s s S
Al sl 3 Soley o8 5 3 :C Glas

N3 S 5 56 e

Lame 3l (574 SIS S S 0 53 Il O3 cnl 53
T s gy S Sl e ke gy 4l PDA S
SN e e i il SO s 5 LS 02 15 S ey
S Sl S e 50 5 Sab sl 2B 0355 ey S
LacSiais )3 Ot Jal pb 53 e i3 5 S (5 500
D3 SIS s Wl Do 4 SEES 53 5 A 4l
T 36 S s s (3L L LT GbI 5 el
el sl osd (Sl 5 LSS 68 el
PDA &S Lo il o, 31 sl 6 adl sl
B3 LSS e sl a (gl A eslind 258 05
s TOEY glas U 5 S0 s LSy i b S
FoS et A, Ol 5 LS SIS 8 Bl
A ys 5 (5 pSesll aslisy S se 4 S olen 5 sl
VL g sl osliad L S 5lan 2B A3, 5 S651s5L
.(Dennis and Webster 1971b) & avul>ws

SRS Lyl 5 55 byl Glag S (SX,1550 )

S 5 il Vo e sl sl (Sl sl o
Slaol am Skl laz B 5 Sole 250 o505 o
Lo wlsl el ijlw r.)s.\f).,b rjf Yoo 6}[}- ‘}>:,a

114

e STl S ilas 255 sl O gl pr s 4
Gk LIS o, ol bl s S eslinal O i
s Bld 5l baamalS Ol ois A3 plil Jsene (i
C2I8 5l dn 5 8 S 1B ey 50 S50 A Solew
OLalS sl (golew sbaalis e L Olojon atin aw
A3 Sapen g 5 Sole slaalis gLy 5 Wl
G el (Amini et al. 2009) ws S L5l < s
s ol (Disease Severity Index, DSI) s L
{(Bora et al. 2004) L plol Jlgr b jio o83 0 0
L33 YO Sl S =) (glew o Dhe 05 5 (Il olS=

Yo -0 =Y (S sen galis gLy 4y glaS
O) VO, =Y (S5 a5 saslis slyls a5y slalS
VE=lNen = ¥ (S5 e claalis gLls 44 S,
S sladlil gl G S

ol = 5 DS e e Solen Sl el
Al ) J e b

Soloy Sl Gzl anle — ) U508

DISS 5 el ols Ol 6l & gazes
S olas X a5 6 el i 53 0 e 1 S

DSI =

cbalis glyls Ql_al.af 3 ‘.CJ Js—ol I 6l =
Sla S5 ol ot I slo 5 st lolis

238 el tliicesy
Jlis 28 0 g0

Sl el o 6 iy 53 Osasl gl

53 S 2t G Ko 3 14l A5 plonil PDA Lo
@d}&ﬁcoh)ﬁw\@udsu&ﬁwu
5 A3 esls 513 Solen 2ol sy iy SIS 51 (g e e
g il O Rl s (55 S22 Ko b s
el slas 53 s S iS b sl 256 51 g e L
PDA = iS ba s ail 51 oyl 2,6 ail sl

VY


https://www.ijpp.ir/article_706629.html

VRAAYY Y DL/ Y osled / OA W/ alS slaslew

L 8 hew sl als =Y s eslital O 2 Sl
g anlesls sl OIS 5o iy aa S e
O35 S g5l OIS 53 01 K5 ans 5 S le
iy ) e 1l sl sl <F S esls oS
OIS s o Kos a5 bl wlasly sl S o
2o Jlas =¥ b ey CES O S gyl
sl S s aiy) Sl e icd sl 256 S les
sl ol OIS 53 Ko e 5 Solew 2,6 sl
=) OIS L3l ds eals s cod il z b il
538 Sl am s YARY sl jo iS55 (T
22 Sl oo b 5l d aell VY (g8 s
A plal (Gt all) Sl sl el L

.(Amini et al. 2009)

(Cutting system) ads, 5 » O30

o S by i el g3l ol bl g
Cw—ws 4o C. urticicola M2 & 500 g b wlesly el
3 S a8 55 5 A S Slol S5 A3 0.
b s S EiS La s 5D 5 Ssteds
Sl Sl de us IS o 8 sl am s YARY cles
5k Bsb 5 e 5 0T Ay daemalS a5
Sl L Op e S blsee 55 asalsl )5 azealS
A3 S o Some il 5 a5 A el S il
A s s e e e 55 Gl el sl
S s el oS el :{,JLN dals =Vl 4 S
ol Ll =Y LS e 5 Sl 26 wlesls O
G)l_% wlosly b= S s el S glaslis Sl
03 e dd S glaelis i sl (sl dals =YL S ke
— Sl 00 sl Y Ll 26 el sl S
sl (ol S 3 el i (glanli bl 6
(Amini etal. 2009) c.é Ll 5 5 law g8

VO

S 5 S sl Dad (S 5l oS sl ke 4
JS 2o S 5B as el OIS Gy, a laadnd @b
Dglsen aalsl 53 das g ol 550 Sy pe 4 1y sl
Szl s Fos e ¥ Cand 4 pslisE 2B bl
Sl O S L (S5 Lo 0 0 S 40 b 5
2 am sy balse VY a4 Jla 258 5 b
A e dals Hled 5 il sl Ol YL o s
Sber Dl o gl Dy e S bl Sl el sl
alosly 5l s Cte dal 3 b an S kS s 1SS
aslesly b b0l gla B Sl 3 5 S lew 206
53 WOl s esliznl JUS s s b gl 26
S sl 5ol Sl am s YEYA los jo alslS
DL S 5as 53 5 S 555 YO oo wp wiela VY
el 5 aiuy gLl (solon L s LS (L]
sl Glaeld il ya i, i 5 5 055 (gl

RIS ST IRISI8Y

C—vé}.la" gr_"é'u.o dd"l.l#' Ja.wj Cdejuu st‘ IR
C. urticicola M2

(ROOL-SPIit) 4y ) g RYS|

355 5 b e Sl O SLs b gl

el Spied s Sla,il e 1)) S 4 Sl
Sher laelis 55, Y0 Sl dm s S cis (K g S
sl SLe sl el el e Spax S S,
e S slaslid aty; i aned OF Sl 0L
Cromed g3 am adgh 50 0y pe (o 8 ahs &
sl IS SO s ain Sl e 5 e (S5l
S 505 OIS 3 aky; Sos aes 5 Solew 206 wlesl;
4 5 034 C. urticicola M2 s 4 gt wlesls s>
e S e 5 S S sy e S S
A slas Sler 0sa3 ! pll g > S 1S
3OS 55 ;8 45 aS 1708 05 el ) s as S

115



8 S skl U K iam o e l3h (S mh olem e g 01Kan 5 i

L‘)Mbw‘)bﬁﬁw)ﬁﬁ)@cj@bjb \Ae:b&l}d‘,@'}qﬁ
o Gane ad g g (Lopn Vo) WL e slzel Ao

: _ Ll sl Sels B s et e
(1 U2 sls i, Fusarium oxysporum s » <8 ° 7 &7 T 8 o2 bl e

Ndle 5 Lo Loa Sl aslin 5 Jdo 5 4 o

Slesti el b 5o Solas a5 5 ol p b pinmas -
SAS institute, 8.2; ) (Statistical analysis system)SAS

¥ sl5s g lycopersici oy an —olazstl gla S5l
Gla ST i adllas ol o (Y ISE) s S s
sl s Univunif _olastle, b b olasd
Slakad 5 3 4 Sp23r /Sp23f 5 Sp13r/Sp13f 3l
llas oS L5 S W5 5L S OVA 5 FYO SV Jsb 4

3 (Tuky) S 55 0530 5 (Cary, NC, USA, 2013
C_,J; fbu‘ /00 Ch.«

SN ol
2 (Yrf) ol s sl asdlas

K2+G LSS Jue 3l eslizal b sl L5 bl

Fusarium oxysporum 210Fo.128
Fusarium oxysporum 75
Fusarium oxysporum FA340-E03
FOL*

wo [ Fusarium oxysporumF15

Fusarium oxysporum CPC 25822
g5 Fusarium oxysporum NL19-98008
Fusarium oxysporum CBS 144134*

P | Fusarium oxysporum JW 11005

— Fusarium elaeidis CBS 217.49
0 b Fusarium fujikuroi CBS 221.76

— Fusarium verticillioides CBS 218.76

0 L Fusarium musae MUCL 52574

Fusarium hostae 0-2074

0 Fusarium graminearum 136009

IFusarium culmorum CBS 139512

9% |—Fusxrium brevicaudatum NRRL 43638
86 S Fusarium clavum CBS 126202

Fusarium solani CBS 102429

——

0.02
ooy ol o iV (tef 1-a) LT\ s gy odianda g 5SS 55 4 b 3l esliwl b ok o5 slaisls ) S
Iy P gt =SSV ven 5l v lzel lade 4 ls ja YL slasl MEGA ver. 7.0 1531 pF 2 Likelihood Maximum
e ol 5o andllae 3550 asldar sl 0 e3liiul o, 0y £ Ol s 4 Fusarium solani (CBS 102429) &8 .ans o 0L

sl 0 aseie FOL* &) gy
Fig 1. A phylogenetic tree drawn using the gene region of transcription elongation factorl- alpha (tefl-a) 19 taxa
based on the Maximum Likelihood method in MEGA ver. 7.0. Numbers above each branch refer to bootstrap
values out of 1000 repetitions. Fusarium solani (CBS 102429) was used as an out-group. The isolate studied in

this research is shown as FOL*.
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Fig 2. Using specific primers to determine the special form (Unif and Unir) and race ((Sp13f and Sp13r) and

(Sp23f and Sp23r) of Fusarium oxysporum f. sp. lycopersici. Amplification of the internal transcribed spacer

(ITS) gene region as positive control.
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Fig 3. Inhibition of endophytic isolates Coprinopsis urticicola M2, Rhizoctonia endophytica M32, R. zeae M9,
Fomes inzengae M40 from the mycelial growth of Fusarium oxysporum f. sp. lycopersici in the duel culture test,
three, five and seven days after inoculation compared with the control.
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Fig 4. Inhibition of endophytic isolates Coprinopsis urticicola M2, Rhizoctonia endophytica M32, R. zeae M9,
Fomes inzengae M40 from the mycelial growth of Fusarium oxysporum f. sp. lycopersici in the volatile
compounds production test, three, five and seven days after inoculation compared with the control
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Table 2. The effects of endophytic fungal isolates on disease severity of fusarium wilt of tomato under greenhouse
conditions after 30 days.

Treatment Disease severity (%) Inhibition (%)
Rhizoctonia endophytica 6.32 £72.5a 17.56
Rhizoctoniazeae 3.04 £72.65a 17.39
Fomes inzengae 7.7 £42.21b 52
Coprinopsis urticicola. 4.64 +10.35¢ 88.23
Pathogen 0.47+87.95% -
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Fig 5. The effect of endophytic isolates in reduction of disease severity in comparison with the healthy control

and pathogen control: A) Pathogen (positive control), B) healthy control (water), C) Coprinopsis urticicola M2,

D) Rhizoctonia endophytica M32, E) R. zeae. M9, F) Fomes inzengae, G ) C. urticicola M2+P, H) R.endophytica
+P, M32, 1) R.zeae M9 +P and J) F. inzengae +P.
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Table 3. The effect of fungal endophytes alone and together with the pathogen on plant growth factors in

greenhouse condition.

Treatment Stem dry weight  Root dry weight  Stem wet weight  Root wet weight Stem length Root length
Pathogen 0.31e+0.3 0.07d+ 0.07 4.56f+ 2.18 0.49e+ 0.66 23.74d+14.26 4.99d+ 2.93
Rhizoctonia endophytica+P 0.38de + 0.33 0.13bcd + 0.07 6.27ef+2.25 0.86de+0.51 32.11cd+ 7.26 8.15c+1.87
Coprinopsis urticicola+P 0.54d + 0.07 0.18b+ 0.09 7.79+2.36 1.39c+0.34 41.02¢c+ 7.22 9.01c+1.81
R. zeae+P 0.43de+ 0.18 0.12bcd + 0.04 5.99¢f + 2 0.82de+ 0.11 32.03cd+ 6.47 8.33c+2.45
Fomes inzengae +P 0.45de + 0.19 0.1cd+ 0.06 6.73ef+1.48 0.91cde+0.38  31.5cd+ 7.81 7.85c+ 1.56
Control (water) 1.34b+0.11 0.33a+0.08 23.85ab +2.93 3.07b+0.76 65.12ab+6.29  19.65a+ 4.2
R. endophytica 1.15bc+0.28 0.15bc £0.05  21.13bc+ 3.53 1.29cd+0.33  61.77b+ 7.58 13.96b+ 3.34
C. urticicola 1.57a+0.23 0.34a+0.1 25.31a+ 3.47 3.77a+0.61 71.85a+5.94 18.33a+ 2.89
R. zeae 1.09c+0.21 0.15bc £+ 0.05 18.29cd £ 2.91 1.41c+0.31 63.99ab+ 6.43 14.13b+ 2.26
F. inzengae 1c+0.21 0.11bcd+0.05 17.14d+3.11 1.03cd+0.34  60.62b+ 7.36 12.78b+ 1.83
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Table 4. Evaluation of the effect of the endophytic fungus Coprinopsis urticicola M2 on disease severity reduction of

tomato fusarium wilt using two methods of split-root and root-cutting system after 30 days in greenhouse conditions.

Treatment Disease severity (%) Disease reduction (%)
Split-root  Root-cutting  Split-root  Root-cutting
Pathogen 84.5a+3.1 8l.5a+2.17 0 0
Water 0+0c 0+0c 100 100
Coprinopsis urticicola 0+0c 0+0c 100 100
C. urticicola +Pathogen 29b+3.02 28b+2.15 65.68 65.64
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Fig 6. Split-root Test. A) healthy control, B) endophyte-pathogen, C) control- endophyte and D) control-pathogen.
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Fig 7. Root cutting system test: A) healty control, B) endophyte, C) endophyte-pathogen and D) pathogen.
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