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ABSTRACT

The charcoal rot diseases of soybean causadaoyophomina phaseolina consequently reduces the quantity and
quality of yield, especially in drought conditiorhigh yield losses in sever epidemic years exceéaad 23-100 percent.
Antagonistic ability of the entophytic fungi the magroups of symbiotic fungi associated with soybeaots
(Piriformospora indica and Sebacina vermifera) related to Sebacinals from Basidiomycota and tspecies of
Trichoderma including T. harzianum (T-100) andT. viride investigated by orthogonal comparisions by usingSP
software. The experiments were carried out in apetaly randomized design with 47 treatments andefdicates.
Various indices are recorded at the end Bfi®nth of experimention and data analyzed. Resnilisated a significant
difference (P= 0.01) among various treatments ot emd foliar wet and dry weights. Results of ogbieal comparisons
betweenP. indica andS. vermifera indicated that antagonistic effects ®fvermifera were higher thaf®. indica fungus.
Also, the study of orthogonal comparisons betw@&ewiride and T. harzianum (T-100) revealed that the maximum
antagonistic effects was relatedToviride fungus. Other results demonstrated that root alidrfwet and dry weights of
soybean increased when antagonistic fungi inoadilatelier from pathogen in greenhouse experimexisn, we found
that the entophytic fungi not only good symbiotdtation, but also could be very effective in biatad control of soybean

charcoal rot disease of soybean.

KEYWORDS: Biological Control,Piriformospora indica, Sebacina vermifera, Trichoderma harzianum, Trichoderma

viride andMacrophomina phaseolina
INTRODUCTION

Charcoal rot in soybean caused by the soil bornguaMacrophomina phaseolina (Tassi) Goidanich is a serious
disease of many crops, especially in soybean. Thgus can infect the root and lower stem of oved plant species
(Wyllie, 1989). The lack of genetic resistance abdence of effective chemical control impose cair#s on charcoal rot
management strategy. Considerable emphasis hasgbesmto develop biological control agents as ptig¢ means of
disease control and to improve plant health (é&hal., 2007). The nuclear rDNA was used for phylogenstudies of
ectomycorrhizal Sebacinales fungi (Vermtaal., 1998; Glenet al., 2002; Urbaret al., 2003 and Weisst al., 2004).
Among those mycorrhizal speciegiriformospora indica, which was first isolated from the rhizosphere of
Prosopigulifora and Zizyphusnummularia, India (Vermaet al., 1998), has been shown to colonize roots ancaser the
biomass of both roots and shoots of numerous @paties, including culture@lycinemax (Sahay and Varma, 1999;
Varma etal., 1999; Raietal., 2001; Kumariet al., 2003 and Peskan-Berghofer al., 2004).Also Sebacinavermifera,

an endophytic fungus has been isolated from a ties&ermany (Warcup and Talbot, 1967).
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These fungi are members of Sebacinaceae familyaciwdes order of the Basidiomycota (Weissl., 2004).
In contrast to the obligate biotrophic AMP, indica and S. vermifera could be cultivated easily on synthetic media
(Varmaet al., 2001; Peskan-Berghofet al., 2004). Beyond the stimulating effect on biomassduction,P. indica
apparently supports its host by protecting it frpathogenic fungi (Walleet al., 2005). It was suggested tHatindica
may target an as yet unidentified signaling pathsvag induce systemic resistance (Serflieg al., 2006).
Also, the interaction between the plant dhdndica had been established in growth chambers, follobyedhcubation
outdoors. Under these conditio?, indica acted as both a biofertilizer and a biocontrolrag&erfling et al., 2006).
The application ofTrichoderma to the soil as biocontrol agent in the greenhomiseinder field conditions, not only
resulted in reduced disease severity but also eeldaplant growth (Ouslegt al., 1994; Harman and Bjorkman, 1998;
Vazquezet al., 2000; Yedidieet al., 2001 and Harmaet al., 2004). Solublization, increased uptake and tomasion of
physiologically less available minerals, productimingrowth hormones and vitamins are also suggeasepart of the
mechanism of growth promotion (Baker, 1989; Klalfelnd Chet, 1992; Inbat al., 1994 and Harmast al., 2004).
During early stage of root colonization Byichoderma defense response was demonstrated as one of tfeanmems of
biocontrol (Yedidiaet al., 1999, 2000; Howelkt al., 2000 and Howell, 2003). In the present work,dose of high
antagonistic effects of the endophytic fungir{formospora indica and Sebacinavermifera) and Trichoderma species
(Trichoderma harzianum (T-100) andT. viride) for biocontrol of M. phaseolinaln vitro (Abbaszadehet al., 2011),

therefore, biocontrol ability of these fungi wetadied under greenhouse experiments by using osthedgontrasts.

MATERIALS AND METHODS

M. phaseolina Culture

M. phaseolina strain ML1 obtained from mycology collection of ptment of Biological Sciences Rani
Durgawati University Jabalpur Madhya Pradesh Ing@ifds fungus cultured on PDA medium and then filtegp of 5 mm
disks of fresh PDA cultures ofl. phaseolinawere grown on sterilized rice grains into per l®#hd incubated at3&2°C

for 10 days.
Fungal Solid Culture of P. indica and S. vermifera

Piriformospora indica and S vermifera were maintained on Kaefer's medium (Kaefer, 19P7)indica was
cultured as described previously (Vermal., 1998; Peskan-Berghofetral., 2004) in Petri dishes on a modified Kaefer’s
medium (NaNO3, 7.0mM; KCI, 7.0mM; MgS04, 2.1mM; KPR4, 9.2mM; ZnSO4, 0.77mM; H3BO4, 0.18mM;
MnSO4, 0.02mM; CoClI2, 0.007mM; CuS0O4, 0.0065mM; B4S0.02mM; EDTA, 0.02mM; ammonium molybdate,
0.001mM; thiamine, 0.003mM; gylcine, 0.005mM; nioat acid, 0.002mM; pyridoxine, 0.0004mM; glucodd,0mM;
peptone, 2g/l; yeast extract, 1g/l; casein hydatlyslg/l, pH 6.5) with 1% (w/v) agar. The platesrevinoculated with

actively growing fungi and then incubated at3X*C for a week.
Fungal Liquid Culture of P.IndicaandS. Vermifera

Mycelium liquid culture were started in 500 ml #ascontaining 200 ml of autoclaved KM liquid mediwamd
inoculated with four mycelia disks cut from 10 dayd solid culture oP. indica andS. vermifera. Flask culture were kept
on a shaker (140 rpm) and incubated for 15 dahetraom temperature (32 °C) till a dense mycelia suspension was

generated. Then stored at 4°C for pot culture eéxpsats.



Comparision of Antagonistic Effects of the Endophyit Fungi and Trichoderma
Species against Soybean Charcoal Rot Disease un@eenhouse Conditions 27

Trichoderma Species Culture

Trichoderma harzianum (T-100) andT. viride obtained from mycology Department of Biologicaie®res Rani
Durgawati University Jabalpur Madhya Pradesh In@ifeese fungi cultured on PDA medium and were growrsterilized

wheat grains into bottles and incubated at27C for 10 days.
Pot Culture Experiments

Piriformospora indica, S. vermifera, T. harzanum (T100) and T. viride with great inhibition zondn vitro
(Abbaszadehet al., 2011), were investigated for their ability toduee the incidence of charcoal rot in soybean by
greenhouse experiments 2 times. Pot culture expetsnwere conducted in greenhouse during 2007 asicmmpletely
randomized design with 47 treatments and 3 reglicéeeds of soybeaBlycine max) were surface-sterilized by soaking
in 0.5% sodium hypochlorite for 2 min then rinsédet times in sterile distilled water and placedterilled perlite for
germination. After 7 days, when the plantlets war8 leaflets stage, transferred to pots and wereng under greenhouse
conditions. Soil had been disinfected with a 10%m@ldehyde solution. Before of translation of tHangets to pots.
Pots inoculated with pathogen in two times. i.etfiime; 10 days before sowing, and second timejdy& after sowing.
Antagonistic fungi inoculated concordant sowing. Tgroduce inoculums for pathogen and antagonistic
fungi,10g/kgmixture of rice grains infected withtpagen, 10 g/kgmixture of wheat seeds distilledewanfected with
Trichoderma species (10CFU/g). For inoculation with?. indica or S vermifera, 3g/kg of crushed mycelium was added to
pots.After of inoculation of soil into pots with fh@gen and antagonistic fungi, 3 the plantlets viseslated to per pot
andwere grown in a 1:1:1 mixture of soil: peat:lipein greenhouse at 28 °C, with a photoperiod of 16 h light/8h dark
with fluorescent light intensity 1000 lux and rékat humidity 10% The control treatments was also maintained without
inoculation with antagonistic fungi.Root and folieat and dry weights evaluated for each treatmeméassessed in end
of 3" month.

Treatments
T1= control (pathogen)
T2= pathogen P. indica
T3= pathogen . indica + S vermifera
T4= pathogen P. indica + S.vermifera + T.harzianum
T5= pathogen P. indica + S. vermifera + T. viride
T6= pathogen P. indica + S. vermifera + T. viride + T. harzianum
T7= pathogen P.indica + T. harzanum
T8= pathogen . indica + T. viride
T9= pathogen . indica + T. viride + T. harzanum
T10= pathogen & vermifera
T11= pathogen & vermifera + T. harzianum
T12= pathogen & vermifera + T.viride

T13= pathogen & vermifera + T. viride + T. harzanum
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T14= pathogen ¥. harzanum

T15= pathogen ¥. viride

T16= pathogen ¥. viride + T. harzianum

T17=P. indica

T18=P. indica + pathogen

T19=P. indica + S vermifera

T20=P. indica + S. vermifera + pathogen
T21=P.indica + S.vermifera + T. harzanum
T22=P. indica + S.vermifera + T. harzianum + pathogen
T23=P.indica + S vermifera + T. viride
T24=P.indica + S vermifera + T. viride + pathogen

T25=P. indica + S. vermifera + T. viride + T. harzianum

T26=P. indica + S vermifera + T. viride + T. harzianum + pathogen

T27=P.indica + T. harzanum

T28=P.indica + T. harzanum + pathogen
T29=P.indica + T. viride

T30=P. indica + T. viride + pathogen
T31=P.indica+T. viride + T. harzanum
T32=P.indica + T. viride + T. harzanum+ pathogen
T33= control (plant)

T34=S vermifera

T35=S vermifera + pathogen

T36=S vermifera + T. harzianum

T37=S vermifera + T. harzanum + pathogen
T38=S vermifera + T.viride

T39=S vermifera + T. viride + pathogen

T40=S vermifera + T. viride + T. harzianum

T41=S vermifera + T. viride + T. harzianum + pathogen
T42=T. harzianum

T43=T. harzanum + pathogen

T44=T. viride

R N Patel
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T45=T. viride+ pathogen

T46=T. viride + T. harzianum

T47=T. viride + T. harzianum + pathogen
Statistical Analysis

The collected data were statistically computed uSIRSS software for orthogonal contrasts. Data walgected
to analyses of variance and treatment means wenpa@d by an approximate Duncan’s multiple testsraain effectors

interaction was found significant at p < 0.01 and @.05.

RESULTS

Pot Culture Experiments

We determined the potential of the entophytic fusugd Trichoderma species to colonize soybean var. L83-570

growing in pot cultures by orthogonal comparisibgausing SPSS software in 4 levels.
Comparison Bio Control Ability between the Endophytc Fungi and Trichoderma Species againsil. phaseolina

In greenhouse experiments (both two times), resottcated a significant difference (P=0.01) amaagious
treatments on root and foliar wet and dry weighiable 1,2). Results of orthogonal comparisions ataa that root and
foliarwet and dry weights in plants inoculated witie entophytic fungi alone or combination with phaseolina were
significantly greater than in plants inoculatedhwirichoderma species alone or combination with phaseolinaand or

M. phaseolina alone (Table 3,4and Figure 1-10).
Comparision Bio Control Ability between Trichoderma Species againsi. phaseolina

In greenhouse experiments (both two times), resottcated a significant difference (P=0.01) amaagious
treatments on root and foliarwet and dry weightssits of orthogonal comparions betwdeithoderma species showed

that antagonistic effects af viride against pathogen was higher tRamarzianum (T-100) (Table 5, 6 and Figure 1, 2).
Comparision Bio Control Ability between the Endophytic Fungi againstM. phaseolina

Root and shoot weights in greenhouse experimentglants inoculated with theendophytic fungi andhpgen were
significantly greater than in control plants inateld with pathogen alone. However, similar grovetbponses were also
obtained when plants were inoculated with the ehgiip fungi. But, results demonstrated tBavermifera could be more

effective thatP. indica in biological control oM. phaseolinaln vivo (Table 7, 8 and Figure 1, 2).

Comparision Biocontrol Ability of Antagonistic Fungi in Attention to Time of Inoculation Pathogen 10 lefore or

after Inoculation of Antagonistic Fungi in Pot Cultures

Biocontrol ability of antagonistic fungi in atteati to time of inoculation of pathogen evaluatediwn times with
orthogonal comparisons. In first time, pathogercidated 10 days before of antagonistic fungi in @dtures and second
time; pathogen inoculated 10 days after of antag@nfungi. Results indicated a significant diffieces (P=0.01) among
various treatments in root and foliar wet and dsjighits. Maximum of root and foliar wet and dry wg observed in

second time, which pathogen inoculated 10 days aftthe entophytic fungi an@richoderma species (Table 9-12).
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Figure 1: The Effect of the Endophytic Fungi andTrichoderma Species on Foliar Wet and Dry Weights
Ck: Plant, Pa: Pathogen, a:S. vermifera, b: P. indica, c: T. harzanum (T-100) d: T. viride

Figure 2: The Effect of the Endophytic Fungi andTrichoderma Species on Root Wet and Dry Weights
Pa: Pathogen, Ck: Plant, aS. vermifera, b: P.indica, c: T. harzanum (T-100) d: T. viride

Table 1: Analysis of Variance Influence of SoybeaRoot and Foliar Wet and Dry
Weights under Greenhouse Condition in the First Tine

. Freedom Mean Square
Variation Source Degree Pl =) P3 P
Antagonist 46 210.124**|  45.206** 65.085** | 3.398**
Eror 94 19.369 3.386 0.845 0.321
Total 140 - - - -
Coefficient of variation (cv) 12.69% 10.62% 6.02 10.71%

P1foliar wet weightP2: foliar dry weightP3: root wet weighP4: root dry
weight Significant at p<0/05%*: Significant at p<0/01 ands: Not significant
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Figure 3: Mean Comparison of Influence of Antagonitc Fungi on Soybean Foliar Wet Weight under
Greenhouse Conditions in the First Time by Using LB Assay. It is Significant at P=0.01
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Treatments:1: Pa 2: PatPj 3: Pat+Pi+$ 4: Pa+Pi+S+T1005: Pa+Pi+S+TV 6: Pa+Pi+S+TV+T100 7:
Pa+Pi+T100 8: Pa+Pi+TV, 9: Pa+Pi+TV+T100 10: Pa+$ 11: Pa+S+T100 12: Pa+S+TV 13: Pa+S+TV+T100 14:
Pa+T100 15: Pa+TV, 16: Pa+TV+T100 17: Pi, 18: Pi+Pa 19: Pi+S 20: Pi+S+Pa21: Pi+S+T100 22: Pi+S+T100+Pa
23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100Q 26: Pi+S+TV+T100+Pa 27; Pi+T10Q 28; Pi+T100+Pa 29:
Pi+TV, 30: Pi+TV+Pg 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa33plant 34: S, 35: S+Pa 36: S+T10Q 37: S+T100+Pa
38: S+TV, 39: S+TV+Pa 40: S+TV+T10Q 41: S+TV+T100+Pa 42: T100, 43: T100+Pa 44: TV, 45: TV+Pa 46:
TV+T100, 47: TV+T100+PaPa: pathogenPi:p. indica, S:S. vermifera, T100:T. harzianum (T100) andTV: T. viride
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Figure 4: Mean Comparison of Influence of Antagoniic Fungi on Soybean Foliar Dry Weight under
Greenhouse Conditions in the First Time by using LB Assay. It is Significant at P=0.01

Treatments:1: Pg 2: Pat+Pj 3: Pa+Pi+$ 4: Pa+Pi+S+T100 5: Pa+Pi+S+TV 6: Pa+Pi+S+TV+T100
7: Pa+Pi+T1008: Pa+Pi+TV 9: Pa+Pi+TV+T100 10: Pa+$S 11: Pa+S+T10012: Pa+S+TV 13: Pa+S+TV+T100 14:
Pa+T100 15: Pa+TV, 16: Pa+TV+T100Q 17: Pi, 18: Pi+Pg 19: Pi+S 20: Pi+S+Pa 21: Pi+S+T100 22: Pi+S+T100+Pa
23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100 26: Pi+S+TV+T100+Pa 27; Pi+T10Q 28; Pi+T100+Pa 29:
Pi+TV, 30: Pi+TV+Pg 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa33plant 34: S, 35: S+Pa 36: S+T10Q 37: S+T100+Pa
38: S+TV, 39: S+TV+Pa 40: S+TV+T10Q 41: S+TV+T100+Pa 42: T100, 43: T100+Pa 44: TV, 45: TV+Pa 46:
TV+T100, 47: TV+T100+PaPa: pathogenPi:p. indica, S:S. vermifera, T100:T. harzianum (T100) andTV: T. viride
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Figure 5: Mean Comparision of Influence of Antagonstic Fungi on Soybean Root Wet Weight under
Greenhouse Conditions in the First Time by Using LB Assay. It is Significant at P=0.01

Treatments: 1: Pa 2. PatPj 3: PatPi+S 4: PatPi+S+T100 5: Pa+Pi+S+TV
6: Pa+Pi+S+TV+T10(:Pa+Pi+T1008: Pa+Pi+T\V, 9: Pa+Pi+TV+T100 10: Pa+S 11: Pa+S+T10012: Pa+S+TV 13:
Pa+S+TV+T10014: Pa+T100 15: Pa+TV, 16: Pa+TV+T100 17: Pi, 18: Pi+Pa 19: Pi+S 20: Pi+S+Pa21: Pi+S+T100
22: Pi+S+T100+Pa23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100Q 26: Pi+S+TV+T100+Pa27; Pi+T10Q 28;
Pi+T100+Pa 29Pi+TV,30.Pi+TV+Pa 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa 33plant 34: S, 35: S+Pa
36:S+T10037:S+T100+P&88:S+TV,39:S+TV+Pga 40: S+TV+T10Q 41: S+TV+T100+Pa42: T100 43: T100+Pa 44:
TV, 45: TV+Pa 46: TV+T100, 47: TV+T100+PaPa: pathogenPi: p. indica, S:S. vermifera, T100:T. harzianum (T100)
andTV: T.viride
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Figure 6: Mean Comparison of Influence of Antagonigc Fungi on Soybean Root Dry Weight under
Greenhouse Conditions in the First Time by Using LB Assay. It is significant at P=0.01

Treatments: 1: Pa 2: PatPj 3: PatPi+S 4: PatPi+S+T100 5 Pa+Pi+S+TV
6: Pa+Pi+S+TV+T10(:Pa+Pi+T1008: Pa+Pi+T\, 9: Pa+Pi+TV+T100 10: Pa+S 11: Pa+S+T10012: Pa+S+TV 13:
Pa+S+TV+T10014: Pa+T100 15: Pa+TV, 16: Pa+TV+T100Q 17: Pi, 18: Pi+Pa 19: Pi+S 20: Pi+S+Pa21: Pi+S+T100
22: Pi+S+T100+Pa23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100Q 26: Pi+S+TV+T100+Pa27; Pi+T10Q 28;
Pi+T100+Pa 29Pi+TV,30.Pi+TV+Pa 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa 33plant 34: S, 35: S+Pa
36:5+T10Q37:S+T100+P&88:S+TV,39:S+TV+Pg40: S+TV+T10Q 41: S+TV+T100+Pa42:T100, 43.T100+Pa44TV,
45:TV+Pa 46 TV+T100, 47.TV+T100+Pa.Pa: pathogenpi:p. indica, S:S. vermifera, T100:T. harzianum (T100) and
TV:T.viride

Table 2: Analysis of Variance Influence of SoybeaRoot and Foliar Wet and Dry Weights under
Greenhouse Condition in the Second Time

L Degree Mean Square
Variation Source
Freedom P1 P2 P3 P4
Antagonist 46 334.575** | 85.623** 20.109** 1.259**
Eror 94 3.729 0.879 0.569 0.518
Total 140 - - - -
coefficient of variation) cv( 5.93% 5.81% 3.09 26.01%

P1foliar wet weightP2: foliar dry weightP3: root wet weighP4: root dry weight
*.Significant at p<0/05%*: Significant at p<0/01 ands: Not significant
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Figure 7: Mean Comparison of Influence of Antagonic Fungi on Soybean Foliar Wet Weight under
Greenhouse Conditions in the Second Time by UsingdD Assay. It is Significant at P=0.01
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Treatments: 1: Pg 2. Pa+Pj 3: PatPi+$S 4. Pa+Pi+S+T100 5: Pa+Pi+S+TVY 6:
Pa+Pi+S+TV+T10(:Pa+Pi+T100 8: Pa+Pi+TV, 9: Pa+Pi+TV+T100 10: Pa+$S 11: Pa+S+T10012: Pa+S+TV 13:
Pa+S+TV+T10014: Pa+T100 15: Pa+TV, 16: Pa+TV+T100 17: Pi, 18: Pi+Pg 19: Pi+S 20: Pi+S+Pa21: Pi+S+T100
22: Pi+S+T100+Pa23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100Q 26: Pi+S+TV+T100+Pa27; Pi+T10Q 28;
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Pi+T100+Pa 29Pi+TV,30Pi+TV+Pg 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa 33plant 34: S, 35: S+Pa 36:S+T10Q
37:S+T100+Pa38:S+TV, 39:S+TV+Pa 40: S+TV+T10Q 41: S+TV+T100+Pa 42: T100, 43: T100+Pa 44: TV, 45:
TV+Pa 46: TV+T100, 47: TV+T100+PaPa: pathogenPi:p. indica, S:S. vermifera, T100:T. harzianum (T100) and
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Figure 8: Mean Comparison of Influence of Antagonitsc Fungi on Soybean Foliar Dry Weight under
Greenhouse Conditions in the Second Time by UsingID Assay. It is Significant at P=0.01
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Treatments: 1: Pa 2: PatPj 3 Pat+Pi+S 4. PatPi+S+T100 5: PatPi+S+TV
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TV, 45: TV+Pa 46: TV+T100, 47: TV+T100+PaPa: pathogenPi:p. indica, S:S. vermifera, T100:T. harzianum (T100)
andTV:T. viride
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Figure 9: Mean Comparison of Influence of Antagonisc Fungi on Soybean Root Wet Weight under
Greenhouse Conditions in the Second Time by UsingID Assay. It is Significant at P=0.01

Treatments: 1: Pg 2: Pa+Pj 3: PatPi+$S 4. Pa+Pi+S+T100 5: PatPi+S+TVY 6:
Pa+Pi+S+TV+T10(¥:Pa+Pi+T100 8: Pa+Pi+TV, 9: Pa+Pi+TV+T100 10: Pa+S 11: Pa+S+T10012: Pa+S+TV 13:
Pa+S+TV+T10014: Pa+T100 15: Pa+TV, 16: Pa+TV+T100Q 17: Pi, 18: Pi+Pa 19: Pi+S 20: Pi+S+Pa21: Pi+S+T100
22: Pi+S+T100+Pa23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100Q 26: Pi+S+TV+T100+Pa27; Pi+T10Q 28;
Pi+T100+Pa 29Pi+TV,30.Pi+TV+Pa 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa 33plant 34: S, 35: S+Pa
36:S+T10037:S+T100+P&88:S+TV,39:S+TV+Pga 40: S+TV+T10Q 41: S+TV+T100+Pa42: T100 43: T100+Pa 44:
TV, 45: TV+Pa 46: TV+T100, 47: TV+T100+PaPa: pathogenPi:p. indica, S:S vermifera, T100:T. harzianum (T100)
andTV:T. viride
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Figure 10: Mean Comparison of Influence of Antagorstic Fungi on Soybean Root Dry Weight under

Greenhouse Conditions in the Second Time by UsingID Assay. It is Significant at P=0.01
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Treatments: 1: Pg 2: Pa+Pj 3. PatPi+S 4: Pat+Pi+S+T100 5: 6:
Pa+Pi+S+TV+T10(¥:Pa+Pi+T100 8: Pa+Pi+TV, 9: Pa+Pi+TV+T100 10: Pa+S 11: Pa+S+T10012: Pa+S+TV 13:
Pa+S+TV+T10014: Pa+T100 15: Pa+TV, 16: Pa+TV+T100Q 17: Pi, 18: Pi+Pg 19: Pi+S 20: Pi+S+Pa21: Pi+S+T100
22: Pi+S+T100+Pa23: Pi+S+TV, 24: Pi+S+TV+Pa 25: Pi+S+TV+T100Q 26: Pi+S+TV+T100+Pa27; Pi+T10Q 28;
Pi+T100+Pa 29Pi+TV,30.Pi+TV+Pa 31: Pi+TV+T10Q 32: Pi+TV+T100+Pa 33plant 34: S, 35: S+Pa
36:S+T10037:S+T100+P&88:S+TV,39:S+TV+Pga 40: S+TV+T10Q 41: S+TV+T100+Pa42: T100 43: T100+Pa 44:

TV, 45: TV+Pag 46: TV+T100, 47: TV+T100+PaPa: pathogenPi:p. indica, S:S. vermifera, T100:T. harzianum (T100)
andTV:T. viride

Table 3: Analysis of Variance Orthogonal Comparisios Antagonistic Ability between the
Endophytic Fungi and Trichoderma Species in Relatetb Root and Foliar Wet and Dry
Weights under Greenhouse Conditions (The First Timp

Evaluated MEd Trgits
[ - The Trlchod(-_)rma V.c. df t
Endophytes Species
AW 41.76 29.79 107.67-| 94 **9.99-
AD 20.34 14.9 48.93- | 94 **10.86-
RW 16.97 12.56 39.73- | 94 **17.65-
RD 5.59 4.79 7.17- 94 **5.16-

AWoliar wet weight AD: foliar dry weight,RW: root wet weightRD: root dry weight,

V.c.: contrast valuedf: degree freedom andtreatment?*: Significant
at p<0/@5; Significant at p<0/01 ands: Not significant

(The Second time)

Table 4: Analysis of Variance Orthogonal Comparisios Antagonistic Ability between the Endophytic Fung
andTrichoderma Species in Related to Root and FolidVet and Dry Weights under Greenhouse Conditions

Evaluated MEdh Trgits
T The Trlchod(-_)rma V.c. df t
Endophytes Species
AW 37.61 25.94 105.00- 94 *%22.20-
AD 18.79 12.58 55.90- 94 **24.34-
RW 25.17 24.36 7.30- 94 **3 95-
RD 3.17 2.32 7.63- 94 **4 33-

AWoliar wet weight,AD: foliar dry weight,RW: root wet weightRD: root dry weight,

V.c.: contrast valuedf: degree freedom andtreatment?*: Significant
at p<0/@5; Significant at p<0/01 ands: Not significant
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Table 5: Analysis of Variance Orthogonal Comparisios Antagonistic
Ability between T. viride and T. harzianum (T100) in Related to Root and
Foliar Wet and Dry Weights under Greenhouse Conditins (The First Time)

Evaluated Mean Traits
Index T.v T.h VS, cif t
AW 29.15 29.09 0.20 94 0.03 ns
AD 14.84 14.52 0.97 94 0.37 ns
RW 14.24 8.56 17.03 94 13.10*
RD 5.22 3.62 4.80 94 5.99*

AWbliar wet weight AD: foliar dry weightRW: root wet weightRD: root dry weight,
V.c.: contrast valuedf: degree freedont; treatmentT.v.:T. viride andT.h.: T. harzianum
(T100)Significant at p<0/05**: Significant at p<0/01 ands: Not significant

Table 6: Analysis of Variance Orthogonal Comparisias Antagonistic Ability between
T.virideand T. harzianum (T100) in Related to Root and Foliar Wet and
Dry Weights under Greenhouse Conditions (The Secontime)

Evaluated Mean Traits
Index T.v T.h AT df :
AW 26.93 | 21.63 | 1590| 94 |5.87
AD 12.68 | 11.16 | 4.57 94 | 3.44
RW 2451 | 23.71 | 2.40 94 2.25
RD 2.4 1.71 | 2.07 94 2.03

WA foliar wet weight AD: foliar dry weight RW: root wet weightRD: root dry weight,
V.c.: contrast valuedf: degree freedont; treatmentT.v.:T. viride andT.h.: T. harzianum
100)*: Significant at p<0/05**: Significant at p<0/01 ands: Not significant

Table 7: Analysis of Variance Orthogonal Comparisios Antagonistic Ability between
P. indicaand S. vermifera in Related to Root and Foliar Wet and Dry
Weights under Greenhouse Conditions (The First Timg

Evaluated | Mean Traits
Index Br o | o | o L
AW 39.31 | 43.26| -11.87| 94 -1.91"™
AD 19.56 | 20.94| 4.13 | 94 -1.59"™
RW 15.09 | 16.68| 4.80 | 94 3.69°
RD 527 | 552 | 0.73| 94 -0.92"

AW: foliar wet weight AD: foliar dry weightRW: root wet weightRD: root dry weight,
.cV. contrast valugllf: degree freedont; treatmentP.i:P. indica andS.v:S.
vermifera*: Significant at p<0/05**: Significant at p<0/01 ands: Not significant

Table 8: Analysis of Variance Orthogonal Comparisias Antagonistic Ability between
P.indica and S. vermifera in Related to Root and Foliar Wet and Dry
Weights under Greenhouse Conditions (The Second T

Evaluated Mean Traits
Index P.i S.v VS, i k
AW 39.04 | 33.80 | 15.73 94| 5.76
AD 19.30 17.44 | 557 94| 4.20°
RW 25 25.07 | 0.23 94| -0.22™
RD 3 3.07 0.23 94| -0.23™

AWliar wet weight AD: foliar dry weight,RW: root wet weightRD: root dry weight,
V.c.: contrast valuedf: degree freedont; treatmentP.i:P. indica andS.v:S. vermifera*:
Significant at p<0/05**: Significant at p<0/01 ands: Not significant
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Table 9: Analysis of Variance Orthogonal Comparisios between Biocontrol Ability of Trichoderma Specis and
Time of Inoculation Pathogen 10 before or after Inoulation of Trichoderma Species under Greenhouse @ditions
(The First Time)

Evaluated Mean Traits
Index Be. Af. e, i L
AW 2473 | 31.09 |-19.00/ 94 3.05°
AD 12.27 15.3 9.07 94 3.48
RW 8.77 13.88 | -15.33] 94 -11.79
RD 3.67 5.16 4.47 94 557

AVitliar wet weight AD: foliar dry weight,RW: root wet weightRD: root dry weight,

V.contrast valuedf: degree freedont; treatmentBe.: inoculation pathogen 10 before

inoatibn of Trichoderma species andf.: inoculation pathogen 10 after inoculation of
Trichoderma specieg: Significant at p<0/05**: Significant at p<0/01 ands: Not significant

Table 10: Analysis of Variance Orthogonal Comparisins between Biocontrol Ability of Trichoderma
Species and Time of Inoculation Pathogen 10 befoog after Inoculation of Trichoderma
Species under Greenhouse Conditions (The Second Téin

Evaluated Index Heer Ul V.c. df t
Be. Af.
AW 17.22 26.94 -29.17 94 -10.68"
AD 8.41 13.57 -15.50 94 -11.69
RW 23.85 24.55 2.10 94 1.97
RD 1.85 2.44 1.77 94 -1.74™

AW: foliar wet weight, AD: foliar dry weight,RW: root wet weightRD: root dry weight.c.: contrast value,
df: degree freedont;, treatmentBe.: inoculation pathogen 10 before inoculationToithoderma species andf.:

inoculation pathogen 10 after inoculationToefchoderma species: Significant at p<0/05**: Significant at
p<0/01 anchs: Not significant

Table 11: Analysis of Variance Orthogonal Comparisins between Biocontrol Ability of the Endophytic
Fungi and Time of Inoculation Pathogen 10 before oafter Inoculation of the Endophytic Fungi under
Greenhouse Conditions (The First Time)

Evaluated Mean Traits
Index Be. Af. WIEE: i L
AW 29.09 41.66 -37.73 94 -6.06"
AD 15.01 21.01 -18.00 94 -6.92
RW 11.66 18 -19.00 94 -14.61
RD 4.62 5.82 -3.60 94 -4.497

AW foliar wet weight, AD: foliar dry weight,RW: root wet weightRD: root dry weightV.c.:
contrast valudf: degree freedont; treatmentBe.: inoculation pathogen 10 before inoculation of the
endophytic fungi aid.: inoculation pathogen 10 after inoculation of thde@phytic fungi*:

Significant at p<0/0%;: Significant at p<0/01 ands: Not significant

Table 12: Analysis of Variance Orthogonal Comparisins between Biocontrol Ability of the Endophytic
fungi and Time of Inoculation Pathogen 10 before oafter Inoculation of the Endophytic Fungi under
Greenhouse Conditions (The Second Time)

Evaluated Mean Traits
Index Be. Af, M el ¢
AW 26.59 36.59 30.00- 94 **10.99-
AD 13.29 17.40 12.33- 94 **9_30-
RW 24.64 25.09 1.33- 94 1.25 ns-
RD 2.64 3.09 1.33- 94 1.31 ns-

AW: foliar wet weight, AD: foliar dry weight,RW: root wet weightRD: root dry weightV.c.: contrast value,
df: degree freedont; treatmentBe.: inoculation pathogen 10 before inoculation of thdaphytic fungi and\f.:

inoculation pathogen 10 after inoculation of theawhytic fungi*: Significant at p<0/05**; Significant at
p<0/01 anchs: Not significant
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DISCUSSIONS

We concluded that interaction between pathogenaaagonists led to increase root biomass and d\g@ith
of plants. We demonstrated the potentialPofindica and especiallys. vermifera to colonize soybean growing in pot
culturesin vivo. Our study results were in agreement with findinf$Barazaniet al. (2005), which demonstrated that
Nicotianaattenuate plants inoculated witls. vermifera flowered earlier, produced more flowers and maturere seed
capsules than did non-inoculated plants. In thighyst plants inoculated witB. vermifera started to flower 45 days after
germination, 2 days earlier than plants inoculatéith P. indica. Several reports have shown the abilityPofindica to
colonize roots of different plants and demonstratedyrowth-promoting effects (Sahay and Varma,%t9%armaet al.,
1999; Raiet al., 2001; Kumariet al., 2003 and Peskan-Berghofral., 2004). Other work revealed that inoculation of
plants withP. indica caused a significant reduction in disease symptofos the stem-base pathogen
Pseudocercosporellaherpotrichoides on wheat under greenhouse and the field (Serfiingl., 2006).In another similar
study, Walleret al. (2005) showed that barley plants inoculated whihindica have resistance to a vascular
(Fusariumculmorum) and a leaf pathogemBlumeriagraminis), in addition to an increase in yield and sales$rtolerance.
In addition, we also observed the reported incréaseoot and foliarwet and dry weights in plant©dnlated with

Trichoderma species especially. viride fungus were significantly greater than plants inated with pathogen alone.

Trichoderma species are free-living fungi that are commonai and root ecosystems (Sivasithamparam and
Ghisalberti, 1998). Following application ®fichoderma species in Lettuce bean, cucumber and pepperdeasshowed
increased growth response under greenhouse adaéiatlitions (Baker, 1989; Kleifeld and Chet, 198iaret al., 1994;
Ousleyet al., 1994; Vazaqueet al., 2000 and Yedidiat al., 2001). Recently, Jyotsret al., (2008), demonstrated a
significant increase in growth of chickpea plamsdulated withT. harzianum for each of the parameters including plant
height, dry weight, chlorophyll components and coindbf charcoal rot in chickpea plants causedMuyphaseolina in
greenhouse conditions.Our findings indicate fthathoderma species can contréll. phaseolinaand increase growth and

the yield of economically important crops.

Therefore, These antagonistic fungi can use for msernial application. In addition, we in present kyor
demonstrated that root and foliar wet and dry wisigii soybean increased when antagonistic fungiuladed earlier from
pathogen in pot cultures under greenhouse expetan@ur finding was in agreement with previous msdbout that
Chaetomium andPhoma endophytes of wheat, when these fungi were prelyanoculated in plants, reduced severity of
foliar disease caused IRuccinia and Pyrenophora spp. was observed and, the same protective effestobserved when
only endophytic culture filtrates were applied ke tplants (Dingle and McGee, 2003 and Istifadah loGee, 2006).
Experiments where plant protection against pathicgeingi is observed after the inoculation of pkantth endophytes, as
well as after the application of endophytic cultiiseggest that the endophytes may produce an agéficompound or a
substance that induces plant defense mechanisriig iplant (Liuet al., 2001; Parket al., 2005; Inacioet al., 2006;
Kim et al., 2007 and Zabalgogeazcoa, 2008).
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