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Table 1- Indigenous and non-indigenous isolates of
Trichoderma (received from Ferdousi University of
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Table 2- The analysis of variance for inhibitory effect of Trichoderma isolates on hyphal growth of Rhizoctonia solani in dual
culture (the same time culturing)
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Figure 1 - Percentage inhibition against Rhizoctonia solani hyphal growth by Trichoderma isolates in dual culture (the same
time culture) under in vitro conditions

e job 4 b 018 395 SogS OLladil adgs L g 0357 43
a0 Slns Lo posbuns 0 1y Lidgs (Clais) 155 yg)
5 b 03503 3985 ) slo o J315 )3 Loy 5 ol () s>
i olaj CbISL g0 jol 5 1LS g5 g CBL (bpS
G g o515 S b e b g 4Bl Il g oy
9 S5y 5 Syt oLl el & 8L (Il > 4 lony
Ao S Rsolani sledie us oMie ¢ 45455 ¢ i)
5 el jonil Gyl 1 loyagSe i (slacinn qountrjlly 2 ogdle
Tog lix ) 2oy & Cloppl &8 035 5 )lons an ()05 0,45

(4 JSs) ws oad Trog g

S 3 Lyp3eSa i sbalia 1,8 scdglio i1
Ol “_')9_.9)'1 Sy salis o IR.SOIANI @galumo i
o pd S e jd )b pme AU g len Jole w51 S,k
S > (S50 B i) 1y 2Rl (it el 292
o bgye ooy d Loy 5 iogj el 12 cuiS 5 plojon
Ao )d 56/08 L)Te 4_)|J.> 9 S 32/73 L TioN 4_)|J.>
(8342 sl Jss d 53 sladgrs) 39 (Su5,b5L
it sladslaa howy R.solani J =S puwiSe
sbopislSe 3okl Loy 5 il slagyli 1l y355 5
Nydse S len Jole clachd 0 iMe 5 5 sy ilisee
R.solani lacia b 3y¢8 5 adgl Jolie 10 lopsS 5 slacan
Solen cladin Slilge 4 an ol b ol Jgb 5l ewd )

Oloje® CulS) 41,8 OluS 45 (9051 ,» Rhizoctonia solani di iy p boydeSs 5 aslas (S 1oL 51 il g 43505 -3 Jgus

(55 lowt 9 Loy255 55
Table 3- The analysis of variance for inhibitory effect of Trichoderma isolates on hyphal growth of Rhizoctonia solani in
volatile compounds test (the same time culturing of Trichoderma and pathogen)
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**Significant difference (P value = 0.01). CVV=12.52
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Figure 2 - Percentage inhibition against Rhizoctonia solani hyphal growth by Trichoderma isolates in volatile compounds
experiment (the same time culture)
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Table 4 - The analysis of variance for inhibitory effect of Trichoderma isolates on hyphal growth of Rhizoctonia solani in
volatile compounds test (72 h early growing of Trichoderma)
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**Significant difference (P value = 0.01). CV=9.19
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Figure 3 - Percentage inhibition against Rhizoctonia solani hyphal growth by Trichoderma isolates in in volatile compounds
test (72 h early growing of Trichoderma)
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Figure 4 - Microscopic evaluation of the control mechanisms of Rhizoctonia solani by various Trichoderma isolates: a-
Trichoderma hypha moving in parallelism to hypha of pathogen, b-penetration through the branch, c- Trichoderma torsion

around hypha of the pathogen, d- Trichoderma spp. sporulation around the hypha of R. solani , e- Darkening of the
pathogen’s hyphal tip as a result of antibiosis, f-fragmentation of the pathogen’s hypha and exudation of its content.
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Table 5- The analysis of variance for the effect of Trichoderma isolates on disease severity caused by Rhizoctonia solani under
green house conditions
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Figure 5- Effect of Trichoderma isolates on disease severity of Rhizoctonia root and crown rot of bean under greenhouse
conditions. Numbers used in the chart are the average of three replicates (percentage).; Treatments with different letters are

significantly different (P = 0.01). CON-A: infected plant with no Trichoderma treatment (diseased control), CON-S: non
infected plant with no Trichoderma treatment (non diseased control).

Slals 4 cund S )lap cuiS 130 Gne Lilipl b oS sl
o=l e cil o Liulal laaglis 2150 (S)bil as s byaeSs
slaala alwg oki)bjl 58 slacdglie Mg il Sl
Elp oyt 3 9 Ll a8y a2 e Ly Ca ST
365 » 4nb R.S0IANT b LojdeSs 5 sladlis bl& 55wy See
sladg) Slilse 4 Loy 5 ol (sladuy ) 4d) ) 9
Sl 3985 9 Loy ()5 adlad aslad (o oy (LigSo 1)
e Jalpe (sols g oty (Sl el 5 odalie
s ien claml mdy i 8l Jlail (2l and Jold
Lagsail 5 (14) a3bioe Jobo 150 5 55 Laled 5 08
dls jl 5095 S )0 )len Jele Jj ale g2 sl
Solen (b (0 8)5 ©yp0 Lop3gSi i b odd jlas slalag)
Touledshs ccib ) S bl cqa (S cusyd
ly olew ©ad GialS oyt o5 4 Tog Tion « Tos T
o T.harzianum 45 1ol Lis (8) wgsl g 1550 sh olis
» 1y Loy aals Sy aoyn 25 5 50 53 s 5 4 T.viride
Aoh ials acyje > Rusolani 4 oxgll sals s b awslio
g ddy S0 ey il )3 0 el sladli> oy ST
D5 0390 sals U awslie ;5 olS (o) slajasls il

To slaaylir by ooy slapasls » Gl o i
@Sy s asls Lilislas dasMe Ti0 9 Tian Tos <Tae
2 R Oeioee S 6yl Lawgi Lop3gSi 5 587 51 )3 olS

P elloaals b Toz g Tron « Tos T131 (T12.0 sladslis
il I me BB 039l aalis b g aizisly 3 g lel o S
G gy ine e b o3o T aals b duglio 3 Tioo 4l
95,5 Joo yigo bajloi JS00 b auolie )3 g oo Lials |y (g)lew
Joi2) 1b 3l (g)lag b (1alS )3 658 (5 35 lyie &
9 S 5 Ojg ey Job (odng) slaygiS (gwyp 3.0 US55
2005 aws )3 (6,13 e glis 03g)] Sals & Cuns wigs £l
el Troo s Tion Toz « Tas (To sbaarlis b )d jlo 5 anih
15,5 nygiSs oyl ol

ES

Loy255s 5 (slatghiz (gl )08 (o)1 5 B el o

48 S 5 plaje coiS > Tae alus R.SOlANI L, 5
Cos b gl |y ady 51 Sk oy oy b S lew aisle
S. yR.solani yl, ,» T.harzianum «" wsb ;Lis (12) S
O s &S D05 W5 jluS’ g LIS slas 351 OIS
(18) S g STlgn lalllas 3ubo 103,576 e g dunr)
Cemily Jolize ccss > T.harzianum SQR-T37 Ll
4 g9,5 50,5 05islS’ JolS )5 4 g, gy e 2 |y Rosolani
D slacdpbio w56 (17) ohiSen 5 )l 3l 2l 238 o5 ol
R.solani alesjl oS5 ol S )lows g9y 1) LoydgSo )5 4365 i
g 40l )y 8wy 3,90 F.graminearum 4 (Ag5 3 AG4)



479 sl S3slon JrS slp bopdsSy 3 sloarlan T )5 (Sl

5 5ld slaccdplio 3y blod 5 Tiong TrarcTos asbe
S sl ol (S 30 @l Grizmen W39 S5 slaabe
b dugliio ) dgudie (w3 oliils 51 (8L ) (ogupus sladilba
Al 5l S el bl Slallas 3 eg slaahs Sy
Sy pSU gy gLy (il g (5)low b ials
dw y o Ladsle ol aS s dees Jlost cpl cplply sl

b clplio cili g (2l dlge o Cold) ouny Ll yd pansSo
Al edp I8 4 SIS Rusolant (gyles cuas gals 1,

Sl Fowlow

938 o8 il pyive sliwl B0 o laSaS BN S
ogmt sl Jlo)l o & Slog) e 585 (Bl cagutia
OB L5 5 (55 (e slailiz (Qlulid 55 5 Lay3eSs
)b 1 Sl JLoS 355 do iy Sl

DB il a5 sy o Hlas 432 14 11 7)) e onis Ui)lS
Ol A yomie g laddy g 4l laaiy) oy
Loydgsey L o jloss slaazalS (ologn 5 48 by asls
oS ity (pgralisisls’ 25,1 slizel (5) f)Sam g gl 55 0
ez Mg i) dnogt 5 43y UL LoppsSo 3 syl abowsy
Iy 2l sl o 5l oslaiwl g Gdo 05 e (sla pwyinl 4 Cuoglio
jloass (ojllis anhis 03313 (6) o g compy A8 0 Ko 50
Lol adbog ainy (Steg S8 s |y lag) aiday jhugio)
Cowd 4o |y oo gl 9 15,8 4 4lxI5 > (R.solani)
R.solani ¢ )lew cus ials o i IS gols 5 05540
9 Toz g Tron T131T g5 T10 slaahis 4 baye cuiy &
olB, a5l Tog o Tioon T12-0 slaaulis olKilejl j
Slaaslie &ty o0l 4 g Wg (650 il (gl
J5is jl gle Jobw )l clacplio g L Tos 9 Tioo

EWIINE NPT RN la,;ud” » L,S9:59};.|) u;)lfwl o)l%b

&l

1- Abawi G.S. and Pastor-Corrales M.A. 1990. Root rots of beans in Latin America and Africa: diagnosis, research
methodologies and management strategies. Centro Internacional de Agricultura Tropical, Cali, Colombia. 114p.

2-  Abd-el-khair H.R., Khalifa K.M. and Karima H.E.H. 2011. Effect of Trichoderma species on damping off diseases
incidence, some plant enzymes activity and nutritional status of bean plants. Journal of American Science, 7:156 —
167.

3- Ahmad J.S. and Baker R. 1987. Rhizosphere competence of Trichoderma harzianum. Journal of Phytopathology,
77:182-189.

4- Anees M., Tronsmo A., Edel-hermann V., Hjeljord L.G., Heraud C. and Steinberg C. 2010. Characterization of
field isolates of Trichoderma antagonistic against Rhizoctonia solani. Fungal Biology, 114: 691-701.

5- Arora D.K., Elander R.P. and Mukerii K.G. 1992. Handbook of applied mycology. Fungal Biotechnology. Vol 4.
Marcel Dekker. New York. 1114 p.

6- Bahgat S. and Pan S. 2011. Biological management of root and collar rot (Rhizoctonia solani) of Frenchbean
(Phaseolus vulgaris). Indian Journal of Agricultural Science, 80:42-50.

7- Barakat R.M., Al -Mahareeq F., Ali —Shtayeh M.S. and AL- Masri M.l. 2007. Biological Control of Rhizoctonia
solani by Indigenous Trichoderma spp. isolates from Palestine. Hebron University Research Journal, 3: 1-15.

8- Bazgir A. and Okhovat M. 1996. Biological control of Rhizoctonia solani, the casual agent of damping-off and
seed rot of bean by certain isolates of antagonistic fungi. Iranian Journal of Agricultural Science, 27: 89-98. (in
Persian with English abstract)

9- Bissett J. 1991. A revision of the genus Trichoderma .11. intragenic classification. Canadian Journal of Botany, 69:
2357-2372.

10- Burgess D.R. and Hepworth, G. 1996. Biocontrol of Sclerotinia stem rot (Sclerotinia minor) in sunflower by seed
treatment with Gliocladium virense. Plant Pathology, 45: 58.

11- Chet I., Inbar J. and Hadar 1. 1997. Fungal antagonists and mycoparasites. In: Wicklow, D.T. and Soderstrom, B.
(eds.) The Mycota IV. Environmental and microbial relationships. Springer. Berlin Heidelberg. New York 165-
185pp.

12- Chet I. and Baker R. 1980. Induction of suppressiveness to Rhizoctonia solani in soil. Phytopathology, 70:994-
998.

13- Dennis C. and Webester J. 1971. Antagonistic properties of species-groups of Trichoderma (l.production of non-
volatile antibiotics). Transactions of the British Mycological Society, 57:25-39.

14- Elad Y., Chet I. and Katan J. 1980. Trichoderma harzianum: A biocontrol agent effective against Sclerotium
rolfsii and Rhizocionia solani. Phytopathology, 70:119-121.

15- Elad Y. and Chet I. 1983. Improved selective media for isolation of Trichoderma spp. or Fusarium spp.
Phytoparasitica, 11:55-58.

16-

Hadar Y., Chet I. and Henis Y. 1979. Biological control of Rhizoctonia solani damping off with wheat bran culture



1394 oy doylos 290k (((65,5LiS galius g pole) LS cblis> 4 ,i5 480

17

18-

19

20-

21-

22-

23

24

25

26

27-

28

29

30-
31-

32

33-
34-
35-

of Trichoderma harzianum. Phytopathology, 69:64-68.

Hajiegharari B., Torabi-giglou M., Mohammadi M.R. and Davari M. 2008. Biological potantial of some Iranian
Trichoderma isolates in the control of soil borne plant pathogenic fungi. African Journal of Biotechnology, 7: 967-
972.

Huang X., Chen L., Ran W., Shen Q. and Yang X. 2011. Trichoderma harzianum strain SQR-T37 and its bio-
organic fertilizer could control Rhizoctonia solani damping-off disease in cucumber seedlings mainly by the
mycoparasitism. Applied Microbiology and Biotechnology, 91: 741-755.

Matloob A.A.H. and Juber K.S. 2013. Biological control of bean root rot disease caused by Rhizoctonia solani
under green house and field conditions. Agriculture and Biology Journal of North America, 4: 512-519.

Mes J.J., Wit R., Testerink C.S., Degroot F., Haring M.A. and Cornelissen B.J.C. 1999. Loss of avirulence and
reduced pathogenicity of a gamma-irradiated mutant of Fusarium oxysporum f. sp. lycopersici. Phytopathology,
89: 1131-1137.

Mohammadi S., Mansoori B., Zamanizadeh H.R. and Heydari A. 2009. Antagonistic mechanisms of Trichoderma
spp. against Rhizoctonia solani, the causal agent of chickpea wet root rot disease. Plant Protection Journal 1: 71-
85. (In Persian)

Nashwa M.A., Sallam K.A., Abo-Elyousr M. and Hassan M.A.E. 2008. Evaluation of Trichoderma Species as
Biocontrol Agents for Damping-Off and wilt diseases of Phaseolus vulgaris L. and efficacy of suggested formula.
Phytopathology, 36: 81-93.

Naseri B. 2008. Root rot of common bean in Zanjan, Iran: major pathogens and yield loss estimates. Australasian
Plant Pathology, 37: 546-551.

Naseri B. 2012. The effect of Rhizoctonia root rot on bean vyield. In: Proceedings of the 20" Iranian Plant
Protection Congress, Shiraz, Iran.

Naseri B. 2013a. Epidemics of Rhizoctonia root rot in association with biological and physicochemical properties
of field soil in bean crops. 161: 397-404.

Naseri B. 2013b. Linkages of Farmers’ operations with Rhizoctonia root rot spread in bean crops on a regional
basis. Journal of Phytopathology, 161: 814-822.

Nelson B., Helms T., Christiianson T. and Kural 1. 1996. Characterization and pathogenicity of Rhizoctonia from
soybean. Plant Disease, 80:74-80.

Niknejade Kazempour M., Pedramfar H. and Elahinia S.A. 2002. Study on the effect of several fungicides and
antagonistic fungi against the causal agent of rice sheath blight, Rhizoctonia solani. Journal of Science and
Technology of Agriculture and Natural Resources, 6: 151-157.

Papavizas G.C. 1985. Trichoderma and Gliocladium: biology, ecology, and potential for biocontrol. Annual
Review of Phytopathology, 23: 23-54.

Parsa M. and Bagheri A. 2008. Legumes. Jihad Daneshgahi Publications, Mashad, 522 p. (in Persian)

Rouhani H., Karimi A. and Noparast F. 1991. Effect of several Trichoderma isolates in biological control of
Rhizoctonia solani. Applied Entomology and Phytopathology, 58: 17 — 25. (in Persian)

Smolinska U., Kowalska B. and Oskiera M. 2007. The effectivity of Trichoderma strains in the protection of
cucumber and lettuce against Rhizoctonia solani. Vegetable Crops Research Bulletin, 67: 81-93.

Sneh B., Burpee L. and Ogoshi A. 1991. Identification of Rhizoctonia species. APS Press, Minnesota, USA. 133p.
Weindling R. 1932. Trichoderma lignorum as a parasite of other soil fungi. Phytopathology, 32:837-845.
Weindling R. and Emerson O.H. 1936. The isolation of a toxic substance from the culture filtrate of Trichoderma.

Phytopathology, 26:1068-1072.



