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Table 1. Results of mean comparison of data related
to inhibition percent of Macrophomina phaseolina
by different Trichoderma isolates with dual culture

and volatile compounds tests (15 better isolates and
10 worse isolates).

Inhibition in volatile
compounds test (%)

Inhibition in dual
culture test (%)

Treatment Mean Treatment Mean

ARCTr266 84.8a
ARCTr105 84.1a
ARCTr184 81.8 ab
ARCTr187 81.8 ab ARCTr318 91.4bcd
ARCTr183 78.8 abc ARCTr187 90.0bed
ARCTrl64  75.0abcd  ARCTrl142 89.5bed
ARCTr142  72.7bcde  ARCTrl105 89.0bcd
ARCTr281  712bcde  ARCTr174 89.0bcd
ARCTr144  712bcde  ARCTrl64  88.l1bcde
ARCTr145  70.5cdef  ARCTr184 86.2cdef
ARCTr103  69.7 cdef ~ ARCTr248 81.4defg
ARCTr168  68.9cdefg  ARCTr250 81.0defg
ARCTr113  66.7 defgh  ARCTr234  80.5defghi
ARCTr162 659 defgh  ARCTr241  80.5defghi
ARCTr139 652 defgh  ARCTr162  80.0defghi

ARCTr144 97.1a
ARCTr102 95.2ab
ARCTr281 91.9bc

ARCTr269 83 uvwxy ARCTrl56 10 vwxy
ARCTr261 83 uvwxy  ARCTrl51 6.2 wxyz
ARCTr125 7.6 vwxy  ARCTr130 5.2 xyz
ARCTr300 6.8 vwxy  ARCTr152 4.8yz

ARCTr267 5.3 wxyz ARCTr147 38z
ARCTr106 5.3 wxyz ARCTr150 2.4z
ARCTr130 5.3 wxyz ARCTr148 0z
ARCTr262 4.5xyz ARCTr155 0z
ARCTr268 38yz ARCTr153 0z
ARCTr260 23z ARCTr149 0z
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Table 3. Results of mean comparison of data related
to decreasing the incidence of charcoal rot disease
and decreasing the population of Macrophomina

phaseolina microsclerotia in the soil in greenhouse
study.

Decrease of disease ~ Decrease of microsclerotia
incidence (%) population (%)
Treatment Mean Treatment Mean
ARCTr144 747b  ARCTrl44 84.8b
ARCTr102 73.1bc  ARCTr102 82.2¢
ARCTr184 67.2cd ARCTrig4 78.9d
ARCTr105 62.7d  ARCTrl05 73.1e
ARCTr164 56.6e  ARCTr187 68.3f
ARCTr187 50.8ef ARCTrl64 63.4¢g
ARCTr174 492fg ARCTrl74 628 ¢g
ARCTr142 46.2fgh  ARCTrl42 62.7¢
ARCTr266 44.8gh  ARCTr266 58.3h
ARCTr183 41.8h  ARCTr183 579h
ARCTr318 3251 ARCT281 3571
ARCTr281 26.81  ARCTr318 23.9j
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Table 2. Characteristic of Trichoderma isolates
used in greenhouse studies.

Isolate Species Habitat  Location
code (province)
ARCTr102  T.harzianum  soil Mazandaran
ARCTr105 T. atroviride soil Mazandaran
ARCTr142  T. harzianum soil Mazandaran

ARCTr144 T.reesel soil Golestan
ARCTr164 T.harzianum  soil Golestan
ARCTrl174  T.harzianum  soil Golestan

ARCTr183  T.harzianum  soil Mazandaran
ARCTr184  T.reesel soil Golestan
ARCTr187 T.reesel soil Golestan
ARCT266 T.atroviride soil Mazandaran

ARCTr281  T. harzianum soil Golestan
ARCTr318  T.harzianum  soil Golestan

5Bl 3oy 8 jlay 2L ke dald Hlas o

sl L a8 Code dald Hled 5 Sl 00l 5 (6l
5 Golams (ST 0l5n p it 0352 S olan 6
I PRI USSP g VORGP (W PGP R ST W
52 D My Son Comazr 1S 5 (S)le £ 85 RS
2 LS5 glaliras by e syl 53 S
Slasles pll pl o i Ste L L a s
(ARCTr102 AARCTI144 L ys S 5 clasldoas by e
U Ol o it 255 4 ARCTFI0S 5 ARCTr184
23 S Jly oo e S 5 (sl p 55
Sladss aslsl gl 5 5 clasles Ol geas (S slad gol

.b.L&u’.eJMLAuTng)



\A4

Va5 JLMJ 554_. ;b)l.em 5~:>=;J .\lé l;.w};bl.; 2 ‘:“.WU} )LQA

b s o gl (Kumar et al., 2015) Col ok (1l
riioen il Ja g 0dd plonil Slallan 5 g 2 e
Calise slaas o 50 0l 48" cul ol S00L,
3o ale3T daul 5 55 Lia b STl 2506 (55 Loya S5 5
Lg e Ulg oo Ot ool ST il o o sline S
Al La i (S5 e 05 5 oWl Lt 5 g 50
o p 3 St bl 5L ya S 5 5l pl
B b Gl Calsee sla 8l 5, LOT 36
Tl o9 e
i S0 SlOBE Gl s 53 & Glald o
DS sty JLes Sawy golay alS s
plonil Sliions bl 1 45 Lk 031 i T, reesel
S SULE Y 5 b 5Ty 568 e
O 031 w2 5T ol A5 Ol o s 5 2505 (YL
Sl on g yls Lays S5 5 o tiden (gLpalus
3las )_i_; asld> 95 9 (Bahramsari et al., 2005)
Las Lals T, atroviride 5 T. harzianum glas &
il Y Cdleb jlanS” slags 5T A 5 5o 5
L 45 (Harighi et al., 2007; Seyed Asli et al., 2004)
5SSl e Jbw il oS (s a8
RN S W U KPS PRI PR V- K- L g (g
o Sl Caiiee ()8 sl S ey (e les 02 245
LaoT (5 G aalsl 9 il <315 M. phaseolina

D3t 4l S

References

G Rl L g ea Ll s p 2l Sl ol B o
S esliss c&\_:;A_, Ao gl ol A Sy 5 g g
S s D om0yl iy cpl 53 el r\;ﬁ\ s s
Lass oS 5 il glaas S0 by o slaslir G
53 (T. harZianum, T. virens, T. atroviride, T. viride)
e s LS 5 Uy lie csS gladseiT
s o 3 VE Y 5 VO YA Ol e
< —wl o Macrophomina oS =) Sl
5ol s il > 5 (Rashmi et al., 2012)
5 43 00 Ol jueas iz CuiS” 05051 5 T, harzianum
Macrophomina J_&, 5l i3 VY L5 LS 5 s
S5l glaolae (Vasebi et al., 2012) Coul 03 a5 (5,5 s
Ol gt L b g Sbo olad Ay 31 (650550 uw T. viride
=0 2> 3 (Doley & Jite, 2012) Cul el Az 3 VN
L Jolize iS55 T harzianum i alis Hler ;505
Ol et OT elad Ay 31 (64053L e Macrophomina
53 Lawlda ol 3,87 .l 0dd Ao 5 AF 5 VF SY (XY
2 s Sy ol g 85 Sl o 5 Gl
53 VVF Ol et i S0 5 5 Ll slaOl e
(Elad et al., 1986) Ceeul sdi doys VV/O-FS/Y
Shwe;30) ials’ o T. harzianum a8 o slale
sdd ile ol s Il Ll 5 55 JB3 Sy
3l 4abe 53 o (Shahid & Khan, 2016) &
Sobes 2l g 55 28 Cww T. harzianumj T. viride

Lilj_.:ﬁu_;:g(.upat_:fks,)u)ﬁv,vm\)_ﬂ

Abassi, S., Safaie, N., Shamsbakhsh, M. & Shahbazi, S. 2014. Evaluation of antagonistic properties of
Trichoderma harzianum mutants against some plant pathogenic fungi in vitro. Journal of plant

protection, 37(4): 91-102. (In Persian with English summary).

Almomani, F., Alhawatema, M. & Hameed, K. 2013. Detection, identification and morphological characteristic

of Macrophomina phaseolina: The charcoal rot disease pathogen isolated from infected plants in
Northern Jordan. Archives of Phytopathology and Plant Protection, 46(9): 1005-1014.
Bahramsari, N., Zamani, M.R. & Motallebi, M. 2005. B- 1, 3-glucanase production in Trichoderma isolates.

Iranian Journal of Biology, 18(3): 261-271. (In Persian with English summary).
Benitez, T., Rincon, A.M., Limon, M.C. & Codon, A.C. 2004. Biocontrol mechanisms of Trichoderma strains.

International Microbiology, 7: 249-260.



g JUED (Sswwgs (5 lowr (o 5) ks 53 Lo 3950 5 soaslia (a1 ()] 02 9 o) jlaale YA

Dennis, C. & Webster, J. 1971a. Antagonistic properties of species group of Trichoderma. III: Hyphal
interaction. Transactions of British Mycological Society, 57: 363-369.

Dennis, C. & Webster, J. 1971b. Antagonistic properties of species groups of Trichoderma. II: Production of
volatile antibiotics. Transactions of the British Mycological Society, 57: 41-48.

Doley, K. & Jite, P.K. 2012. In-Vitro Efficacy of Trichoderma viride against Sclerotium rolfsii and
Macrophomina phaseolina. Notulae Scientia Biologicae, 4(4): 39-44.

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

Elad, Y., Zvieli, y. & Chet, I. 1986. Biological control of Macrophomina phaseolina (Tassi) Goid by
Trichoderma harzianum. Crop Protection, 5(4): 288-292.

Gajera, H.P., Bambharolia, R.P., Patel, S.V., Khatrani, T.J. & Goalkiya, B.A. 2012. Antagonism of Trichoderma
spp. against Macrophomina phaseolina: Evaluation of coiling and cell wall degrading enzymatic
activities. Journal of Plant Pathology and Microbiology, 3: 149.

Gams, W. & Bissett, J. 1998. Morphology and identification of Trichoderma. pp. 3-34, In: Kubicek, C.P. &
Harman, G.E. (eds.), Trichoderma and Gliocladium. Vol. 1. Basic Biology, Taxonomy and Genetics.
Taylor and Francis Ltd., London.

Gupta, G.K., Sharma, S.K. & Ramteke, R. 2012. Biology, epidemiology and management of the pathogenic
fungus Macrophomina phaseolina (Tassi) Goid with special reference to charcoal rot of soybean
(Glycine max (L.) Merrill). Journal of Phytopathology, 160(4): 167-180.

Harighi, M.J., Zamani, M.R. & Motallebi, M. 2007. Evaluation of antifungal activity of purified chitinase 42
from Trichoderma atroviride PTCC5220. Biotechnology, 6(1): 28-33.

Howell, C.R. 2003. Mechanisms employed by Trichoderma species in the biological control of plant diseases:
the history and evolution of current concepts. Plant Disease, 87: 4-10.

Khaledi, N. & Taheri, P. 2016. Biocontrol mechanisms of Trichoderma harzianum against soybean charcoal rot
caused by Macrophomina phaseolina. Journal of Plant Protection Research, 56(1): 21-31.

Khodaei, A., Arzanlou, M. & Babai Ahari, A. 2012. Inhibitory effects of three Trichoderma species against three
species of Fusarium in laboratory conditions. Journal of Agricultural Science and Sustainable
production, 22(4.1): 105-115. (In Persian with English summary).

Kia, S. & Rahnama, K. 2016. Study on the efficiency of Trichoderma isolates in controlling charcoal rot disease
of soybean caused by Macrophomina phaseolina under greenhouse conditions. Biocontrol in Plant
Protection, 4(1): 1-10. (In Persian with English summary).

Kumar, P., Gaur, V.K., & Rani, R. 2015. Evaluation of antagonists against Macrophomina phaseolina causing

root rot of groundnut. African Journal of Microbiology Research, 9(3): 155-160.

McCain, A .H., & Smith, R.S. 1972. Quantitative assay of Macrophomina phaseoli from soil. Phytopathology,
62:1098.

Mengistu, A., Smith. J.R., Ray, J.D., & Bellaloui, N. 2011. Seasonal progress of charcoal rot and its impact on
soybean productivity. Plant Disease, 95: 1159-1166.

Mihail, J.D. 1989. Macrophomina phaseolina: Spatio-temporal dynamics of inoculum and of disease in a highly
susceptible crop. Phytopathology, 79: 848-855.

Parakhia, A.M., & Vaishnav, M.U. 1986. Biocontrol of Rhizoctonia bataticolana. Indian Phytopathology, 39:
439-440.

Rashmi, S., Maurya, S. & Upadhyay, R.S. 2012. Antifungal potential of Trichoderma species against
Macrophomina phaseolina. Journal of Agricultural Technology, 8(6): 1925-1933.

Rayatpanah, S. & Alavi, S.V. 2006. Study on soybean charcoal rot disease in Mazandaran. Journal of
Agricultural Science and Natural Resources, 13: 107-114. (In Persian with English summary).

Seyed Asli, N., Zamani, M.R., Motallebi, M. & Harighi, M.J. 2004. Study of chitinolytic enzyme production in
Trichoderma isolates. Iranian Journal of Biology, 17(3): 227-246. (In Persian with English summary).



A AL 15 Y | WERTE C RS DUV PR S ORI P So S U VL B SR S T

Shahid, S. & Khan, M.R. 2016. Biological control of root-rot on Mungbean plants incited by Macrophomina
phaseolina through microbial antagonists. Plant Pathology Journal, 15: 27-39.

Smith, G.S. & Carvil, O.N. 1997. Field screening of commercial and experimental soybean cultivars for their
reaction to Macrophomina phaseolina. Plant Disease, 81: 363-368.

Smith, G.S. & Wyllie, T. 1999. Charcoal rot. pp. 29-31. In: Hartman, G.L., Sinclair, J.B. & Rupe, J.C. (eds.),
Compendium of Soybean Diseases. American Phytopathological Society, St. Paul, Minnesota, USA.

Taliei, T., Safaei, N. & Aghajani, M.A. 2012. Survival of Macrophomina phaseolina and associated mycobiota
on soybean residuals and the effect of Trichoderma harzianum on their population dynamics. Journal
of Applied Researches in Plant Protection, 1: 1-13. (In Persian with English summary).

Vasebi, Y., Alizadeh, A. & Safaie, N. 2012. Biological control of soybean charcoal rot disease caused by
Macrophomina phaseolina using Trichoderma harzianum. Journal of Sustainable Agriculture and
Production Science, 22(1): 41-54. (In Persian with English summary).

Wrather, J.A. & Kendig, S.R. 1998. Tillage effects on Macrophomina phaseolina population density and
soybean yield. Plant Disease, 82: 247-250.






Ao Biocontrol in Plant Protection. Vol. 5 (1), 2017

Evaluation of the efficacy of Trichoderma isolatesin the biological control of soybean

charcoal rot diseasein the laboratory and greenhouse conditions

Rezapoor Mehdi Alamdarlou?, Idin Hasanzadeh?, Ali Zaman Mirabadi', K ambiz For oozan?
1. Applied Research and Seed Production Center, Oilseeds Research and Development Co., Sari, Iran
2. Oilseeds Research and Development Co., Tehran, Iran

Corresponding author: Rezapoor Mehdi Alamdarlou, email: rezapoorma@gmail.com

Received: Oct., 19, 2016 5(1)71-80 Accepted: Jan., 09, 2018

Abstract

Soybean is considered as the most important oilseed crop in the world. One of the common diseases of
soybean is charcoal rot which is caused by Macrophomina phaseolina. Chemical control of this disease is not
effective and its integrated management using different methods is important. In this research study, in order to
obtain suitable antagonist isolates for the disease biological control, effect of 126 Trichoderma isolates on the
causal pathogen, M. phaseolina was studied using dual culture and the effect of volatile compounds tests in the
laboratory and 12 most effective isolates were selected for the greenhouse studies. Identification of the isolates
was done based on the morphological characteristics using valid keys showed that three isolates recognized as
Trichoderma reesei, seven as T. harzianum and two as T. atroviride. Effects of the above-mentioned isolates
with two control treatments (positive and negative) were investigated on soybean charcoal rot in the greenhouse.
After soil pasteurization in the pots, pathogen was added and Trichoderma isolates were used at soybean
planting time. In order to create suitable conditions for the pathogen infection, drought stress applied in the pots
at early flowering. At the end of infection period, decreasing the disease incidence on soybean and decreasing
the population of pathogen microsclerotia in the soil were observed and there were significant differences among
different treatments (P<0.01) regarding both factors. The highest decrease of disease incidence and
microsclerotia population were observed in the negative control (without Macrophomina and Trichoderma).
Isolates ARCTr144 (T. reesei), ARCTr102 (T. harzianum), ARCTr184 (T. reesei) and ARCTr105 (T. atroviride)
showing the highest decrease of disease incidence (62-75 percent) and microsclerotia population (73-85 percent)
after the negative control were the best and most effective isolates.
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