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The efficacy of some native Trichoderma isolates in induction of resistance in tomato against

Fusarium oxysporum f. sp. lycopersici, the causal agent of Fusarium wilt disease
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1- PhD. Student, Assistant Professor and Professor, Respectively, Department of Plant Pathology, College of Agriculture and Natural
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Biology, College of Basic Science, Damghan Branch, Islamic Azad University, Damghan, Iran

Abstract

Fusarium wilt caused by Fusarium oxysporum f. sp. lycopersici (Fol) is one of the most destructive tomato diseases. The disease control
through induction of resistance by biocontrol agents is a management strategy to reduce application of chemical fungicides. So, in this study
the efficacy of 10 native Trichoderma isolates in induction of resistance against the pathogen was evaluated. In greenhouse, phenotypic
evaluation of induction of resistance by Trichoderma isolates with stem-injection and split-root bioassay methods showed the least disease
severity and incidence significantly (p<0.05) in Trichoderma harzianum Th-14+Fol and Trichoderma atroviride Ta-30+Fol treatments. The
results of study of rhizosphere colonization ability of Trichoderma isolates by serial dilution method, revealed maximum population density
in these two isolates. The disease severity showed negative correlation with Trichoderma population density. The activity of polyphenol
oxidase and peroxidase increased significantly (p<0.05) in the plants treated with Th-14 and Ta-30 isolates compared to control (Fol). The
results of this study can be applied in integrated management of tomato Fusarium wilt.
Key words: Biological control, induced systemic resistance, polyphenol oxidase, split-root, stem-injection, Trichoderma isolates.
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Table 1. Disease severity index and incidence of tomato
Fusarium wilt caused by F. oxysporum f. sp. lycopersici in

pathogenicity test

Fusarium Disease Disease

isolates code incidence (%) severity (%)
Fol-101 56.60 e* 46.80 ¢
Fol-102 49.15g 38.15¢
Fol-103 39.95 jj 2745h
Fol-104 69.10 be 51.25b
Fol-105 35.00j 26.25h
Fol-106 49.10 g 38.70 e
Fol-107 47.55 gh 35.00 ef
Fol-108 55.00 ef 44.55 c¢d
Fol-109 43.301 30.80 g
Fol-110 54.95 ef 41.20d
Fol-111 62.55d 49.30 be
Fol-112 87.40 a 64.15a
Fol-113 42501 30.85¢g
Fol-114 70.25b 51.20b

Lo Ol bl ¥ i Lo SIS LhazalS aals Jles s
bl Ml BB Ot ,a 53 S i G b b Sle ¢ SCls auals
s (p< +/00)
In control treatment the seedlings were completely healthy;

*The same letter in columns indicates a lack of significant difference

at p<0.05 according to Duncan’s Multiple Range Test.
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Fig. 1. The mean values of severity index of wilt disease caused by Fusarium oxysporum f. sp. lycopersici in stem-injection and split-root
methods in different treatments. Th14, Th-18, Th-47, Th-12: Trichoderma harzianum; Tc-57, Tc-31: Trichoderma crassum; Ta-21, Ta-30, Ta-58:
Trichoderma atroviride; T1-50: Trichoderma longibrachiatum. The vertical bars indicate + standard deviation (SD). Means with same letters are not

significantly different at p<0.05 according to Duncan’s Multiple Range Test. In both methods, the seedlings treated with antagonist isolates and
healthy control treatments were completely healthy.
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Fig. 2. The mean values of incidence of wilt disease caused by Fusarium oxysporum f. sp. lycopersici in stem-injection and split-root methods in
different treatments. Th14, Th-18, Th-47, Th-12: Trichoderma harzianum; Tc-57, Tc-31: Trichoderma crassum; Ta-21, Ta-30, Ta-58: Trichoderma
atroviride; T1-50: Trichoderma longibrachiatum. The vertical bars indicate + standard deviation (SD). Means with same letters are not significantly

different at p<0.05 according to Duncan’s Multiple Range Test. In both methods, the seedlings treated with antagonist isolates and healthy control
treatments were completely healthy.
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Fig. 3. The reduction of symptom of Fusarium wilt disease caused by Fusarium oxysporum f. sp. lycopersici in Th-14+Fol and Ta-30+Fol
treatments compared with control (Fol) in stem-injection (a) and split-root (b) methods, 21™ day after pathogen inoculation

by K S isn) Sl IS Ol =Y g
F. oxysporum f. sp. L S35l 51 e 595 YA doyssSS 5 slaa e
sy K&yl 4 Gy Wi sasl s Iycopersici
Table 2. Population density of antagonist isolates in the
rhizospher of tomato plants 28 day after incubation with Fusarium

oxysporum f. sp. lycopersici in stem-injection and split root methods.

Mean population density (Cfu/g)

Stem-injection

Treatment Split-root system

method
T. harzianum
Th-14+Fol 15.76 (£1.54)x10° a* 16.82 (+1.41)x10° a
Th-18+Fol 2.11 (+1.85)x10° f 2.38 (£1.35)x10° fg
Th-47+Fol 2.59 (£2.33)x10° ef 2.88 (£1.77)x10°
Th-12+Fol 1.48 (+1.60)x10° gh 2.01 (+2.84)x10° fgh
T. crassum
Te-57+Fol 3.00 (£1.91)x10° e 3.65 (£2.56)x10° e
Te-31+Fol 1.13 (£1.33)x10° h 1.64 (£2.42)x10° h
T. atroviride
Ta-21+Fol 5.13 (£2.08)x10° cd 5.92 (£1.36)x10° cde
Ta-30+Fol 13.68 (+2.88)x10° ab 15.65 (£3.64)x10° ab
Ta-58+Fol 5.58 (£2.30)x10° ¢ 6.88 (£0.85)x10° ¢
T. longibrachiatum
TI-50+Fol 3.73 (£1.31)x10° d 5.21 (£2.47)x10° de

S 2 3 leaS y dly sl Glne Sl £) Sile Laesls
# sy Ly S 5 laasS , 6L (Fol) dals (g n Sais wol Sl
A6 O g s s S e Gy STl als dia Oge3] elad o
Aiea S /00 )5 Gl e M
Data represent mean (+standard deviation) of colony forming
units per gram soil; Control plate (Fol) had no antagonist colony;

* The same letter in columns indicates a lack of significant

difference at p<0.05 according to Duncan’s Multiple Range Test.
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i Sk Golew gy 5 DAl S s ) 5
el ez gy e K per S
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Ta- 5 Th-14+Fol gla b L amslis ;3 Fol L Sianbe
5 ¥ S8 s i (p0/00) (sylslass s b 4y 30+Fo0l
sl s ol s s 3 S0L Jol> @Lu K-
3,8 s § oo lalas il dil o UK
s 328 b alin 53 SuSG L J 58 5 Jol g el
Gl 034 5 ise oS olss la iSls Wl s Lol
f‘f 3 LS (Amer er al., 2014; Juber er al., 2014)
LSe35 Sl et Su S L e S
Sl fss I8 5 Oliebl oz e 5 das e S
.(Mishra et al., 2011) Sph e

s 55 ST 55 L s STy slag 5T ol
590 03 352 Ol Sl 4 Odwy 51 ey (Fol) il
Sl Sl e s oS L s 3L el ol 4 el
lam =T cdld sl slandlas 55 (0 S 5 ¥ JS5)
S b ST sty s LS lacil s ols
Chakraborty and ) Cwl sy SIS as 1355 an Jale
SUAPVINWETE Laz b o sl sl (Chatterjee, 2007
o solis Slad S oS S Jlad | b eauS ST glags 5
SISl s 55 oo 1 S it plie pl A5
.(Ojha and Chatterjee, 2012) Lwn ol a=bid L ,ls b
L A5 o S G S ST ol
sla s ol 53 1 0Ll (O3St et slaas S ol
5 STy oy slagy BT A8 e blis yslas)
S S b s 0blS 5l cblis s st e L
.(Ye et al., 2006) 1>

-~ J_J Morkunas and Gmerek (2007) laflas WLl
s Sy 5 oS s 1 S Olge 4 SlAeeST
Syd e M $ F.oxysporum i s S jley dhe>

(0 ‘_}5\‘; of Ji..ﬂ) sls Al 58! (Fol) sals Sl b awslis o

530K g S sy 53 s ST S S5 s sslis
oy S8 5 dle @ 5P sl

Table 3. The correlation between reduction of disease severity
index and population density of antagonist in tomato rhizospher, in

stem-injection and split-root methods

Bioassay Correlation Regression R-square
methods coefficient (r) equation*

Stem-injection -0.697 ¥=29.413-0.153X 0.73
Split-root -0.708 ¥=24.982-0.127X 0.78

0P :Bo) Lib o Y=BotBixX &) 50 4 Qrﬂjf) é_]a;- aJolas®

*The equation of linear regression is as follows: Y=B¢+BxX (Bo:

intercept; B: slope; Y: dependent variable; X: independent variable).
das e 0L aS coul plaasl b silks &b ol

(PSSl s S oben L IS Jilse S
5eld oS sad e adyl ed e Conss kS e
S e Jlad |y a1 5 4l ois sl e
Eo SE Lalss 3 )18 5l dey o ol gloadse Sl i
AL G Seates Cslis gl (6 Sole Ll e S o0
&ladlzs 5 (Harman er al. 2012; Hermosa et al., 2012)
oS olss slan 5l cdlad s i 55 edd
5ot alS (S8 sn belse (S b (S S
Sl edd oz sn ) pssli S0k ol g5
Trichoderma virens ;| 4ld> & 5 5, (Amer ez al., 2014)
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—ol> Ga> ;> .(John Christopher et al., 2010) ol
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Fig. 4. Effect of tomato treatment with Th-14 (7. harzianum) and Ta-30 (7. atroviride) isolates on polyphenol oxidase activity, individually and
in combination, at 0", 7%, 11™, 14™, 17" and 21" days after Fol (F. oxysporum f. sp. lycopersici) inoculation. The vertical bars indicate + standard
deviation (SD). Each value represents the mean of four replicates. The means with the same letter indicate a lack of significant difference at p<0.05
according to Duncan’s Multiple Range Test. Comparison of means between different treatments is on the basis of each sampling days.
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Fig. 5. peroxidase activity in tomato seedlins treated with Th-14 (7. harzianum) and Ta-30 (7. atroviride) isolates, individually and in
combination, at 0™, 7, 11™, 14™, 17" and 21" days after Fol (F. oxysporum f. sp. lycopersici) inoculation. The vertical bars indicate + standard
deviation (SD). Each value represents the mean of four replicates. The means with the same letter indicate a lack of significant difference at p<0.05
according to Duncan’s Multiple Range Test. Comparison of means between different treatments is on the basis of each sampling days.
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