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Abstract 

In the current research, simultaneous application of Trichoderma harzianum (T.BI) and T. virens (T.65) species with two strains of 

Bacillus subtilis (MD, Bs) were evaluated on reduction of Meloidogyne javanica pathogenicity indexes and improvement of tomato growth 

factors in a bioassay trial fungal culture extract and bacterial suspension were tested on mortality of second stage juveniles and egg hatching 

individually and simultaneously. Application of T65 (T. virens) and MD (B. subtilis) caused 5 and 1.5 times enhancement in juvenile 

mortality and egg hatching inhibition of M. javanica in comparison to control in laboratory conditions. Furthermore, roots of tomato 

seedlings with 4-5 leaves were treated by mentioned combination in greenhouse. Comparing to control treatment of T65+ MD lead to 

reduction of gall, egg and second stage juvenile numbers by 68, 57.5 and 38.3 % respectively. According to our results, efficiency 

assessment of T.65+MD treatment on reduction of pathogenicity indexes in root knot nematode is recommended under natural condition. 

Evaluation of tomato growth factors improvement in pot experiments revealed that MD bacterial strain has potential of increasing tomato 

shoot and root length by 34 and 110 % respectively in comparison to healthy control. Therefore, it seems that MD strain is suitable candidate 

for further research in the fields of plant hormones production and possible induction of resistance in plant. 

Key words: Bacillus, Biological control, Root knot nematode, Trichoderma.  

                                                

  

Corresponding author: Mahdikhani-e@ferdowsi.um.ac.ir 

DOI: http://dx.doi.org/10.22092/jaep.2017.108181



Trichoderma Bacillus subtilisMeloidogyne javanica

 
Lycopersicon esculentum Mill

Behnamian and Masiha, 2001

Meloidogyne spp.

 

Hashem and Abo-Elyousr, 2011

Damadzadeh, 2006

Sikora and Fernandez, 2005

Naserinasab et al., 2011

Sahebani and 

Hadavi, 2008.

TrichodermaBacillus 

Trichoderma

Trichoderma 

Harman et al., 2004T. harzianum

Golzari et al., 2011

T. harzianumM. enterolobii

Jindapunnapat et al., 2013

Bacillus subtilisB. cereus

 

B. amyloliquefaciens

B. pumilusB. mycoidesB. licheniformis

Meloidogyne

 

Heterodera 

2004Gardener et al.,

 

Bacillus 

Ruzin et al., 

2014B. subtilis

M. incognita

Ruzin et al., 2014; Munshid et al., 2013

Meloidogyne

B. subtilis

Paecilomyces lilacinus

M. incognita

Meyer and Roberts, 2002

Pseudomonas fluorescensPacillomyces lilacinusPichia 

guilliermondiiCalothrix parietina

Hashem and 



Abo-Elyousr, 2011

Verticillium chlamydosporiumPasteuria 

penetrans

Meyer and 

Roberts, 2002

T. harzianum Bi

Pseudomonas fluorescens

M. javanica

Mokhtari et al., 2014

Pantoea sp.

 

B. subtilis P. fluorescence

M. javanica

Majzoob et al., 2010

Trichoderma virensGlomus mosseae

M. javanica

Miraki et al., 2013)

Bacillus subtilis

M. javanica

Meloidogyne 

javanica

Hussey 

and Barker, 1973

BH2

Jepson 1987

Trichoderma harzianum 

(T.BI)T. virens (T.65)

(Potato Dextrose Agar)

(Bs) Bacillus subtilisB. subtilis(MD)

Nutrient Agar



Trichoderma Bacillus subtilisMeloidogyne javanica

 

Potato Dextrose Broth)

Sahebani and Hadavi, 2008

Lian et al., 2007

LB)

cfu/ml

cfu/ml

 

cfu/ml

 

cfu/ml

TBI, T65, MD, Bs

T.BI+BsT.BI+MDT.65+BsT.65+MD

ml

 

Hashem and Abo-Elyousr, 2011

T.BI

T.65Bs

 

MD 

T.BI BsT.BIMDT.65Bs

T.65MDT.BI

 

T.65

  

Bs

 

-MD

 

BsT.BI MDT.BI 

 

BsT.65 

MDT.65 

C



     
Taylor and sasser,1978

Hussey and Barker, 1973

Whitehead and Hemmimg, 1965

 

SPSS v.15

  

T.65 + Bs 

 

T.65 + MD

T. harzianum

                                       

Sharon et al., 

2001

fengycinzwittermycinLiefert  

et al., 1995B. megaterium

Huang et al., 2010B. nematocida

(Niu et al., 2007

Sahebani 

and Hadavi, 2008

T. harzianum BI

Bokhari, 2009; Abo-

Elyousr et al., 2010

B. pumilus

M. arenaria

Lee and Kim, 2016



Trichoderma Bacillus subtilisMeloidogyne javanica

 

M. javanica

T.65+MDT.65+BsT.BI+Bs

B. megateriumT. albumT. harzianum

M. incognita

Radwan et al., 2012

 

BacillusPseudomonas

Ashoub and Amara, 2010; 

Golzari et al., 2011; Ramezani-Moghaddam et al., 2013

B. subtilisP. fluorescens

M. incognita

 

Munshid et al., 2013

  

P. fluorescensT. viride

M. incognitaMuthulakshmi et al., 2010

Trichoderma koningiiB. megaterium

M. incognitaM. incognitaFusarium 

oxysporum

El-Shennawy et al., 

2012

.

B. subtilis

Table 1- Effect of two Trichoderma species and two stains of B. subtilis on larvae mortality and  
egg hatch inhibition of nematode after 24 and 120 hour, respectively. 

Treatment Second stage juvenile mortality after 24h (%)Egg hatch inhibiton after 120h (%)
Control

 

20b

 

63.5c

 

T.BI

 

100a67.5c
T.65

 

100a

 

96a

 

Bs

 

100a

 

85
MD

 

100a

 

92.5ab
T.BI+Bs

 

100a

 

70.5b
T.BI+MD

 

100a72b
T.65+Bs

 

100a

 

99a
T.65+MD100a

 

99a

 

                    TBI T. harzianum, T65: T. virens, MD: B. subtilis, Bs
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                    Means in each column followed by the same letter are not significantly different at %5 probability level, using Duncan test. 
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Table 2- Effect of two Trichoderma species and two stains of B. subtilis on pathogenicity indexes  

of root knot nematode M. javanica after 45 days under greenhouse conditions. 

Treatment Gall number (1 gr root) Egg number (1 gr root)

 
Second larvae number (100 gr soil) 
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               Means in each column followed by the same letter are not significantly different at %5 probability level, using Duncan test.  
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Table 3- Median comparison of growth factors of infected tomato by M. javanica using different treatments  
of Trichoderma and Bacillus after 45 days under greenhouse conditions. 

Treatments Shoot length
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Means in each column followed by the same letter are not significantly different at %5 probability level, using Duncan test. 
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