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ABSTRACT

Antagonistic potential of six rhizosphere soil fungi viz., Trichoderma harzianum, T. viride, Aspergillus flavus, A.
fumigatus, A. niger, and A. sulphureus were tested against the red rot of sugarcane pathogen Colletotrichum
falcatum. Out of the seven soil fungi tested, Trichoderma harzianum was found to be most effective in controlling the
growth of Colletotrichum falcatum based on the colony interactions and effects of volatile and non-volatile
metabolites. When HPLC fractionation of the mycelia extract of T. harzianum, T. viride, Aspergillus flavus, A.
fumigatus, A. niger, and A. sulphureus were tested against the red rot of sugarcane pathogen C. falcatum. The T.
harzianum peak at showed RT 4.893 maximum antifungal activity with the inhibition zone of 0.9 mm followed
by Trichoderma viride(0.7mm), A. fumigatus (0.5 mm), A. niger (0.5mm), A. flavus ( 0.4 mm), and A. sulphureus
(0.3mm). This peak may be responsible for the antifungal activity of this fraction. The fungus isolated in the present
study may be exploited commercially to biocontrol this disease. Further studies on the determination of the actual
biochemical compound responsible for antagonistic effect through FT-IR and GC-MS analysisis under way.
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INTRODUCTION

Red rot disease caused by the fungal pathoGehetotrichum falcatum Went (Perfect stateGlomerella
tucumanensis (Speg) is a threatening disease of sugarcanejngassvere yield loss in most of the sugarcane-
growing states in India [1]. The sugar industryindia suffers losses of more than 500 million dwallfJS) every
year due to red rot disease [2,a8ld this loss is due to the reduction in the secomtents and weight of the cane
due to red rot disease.

Plant diseases cause major production and ecorlosses in agriculture and forestry. The bactefiaigal and
viral infections, along with infestations by inseaesult in plant diseases and damage. Synthetigidides are
widely used by the farmers to eradicate pathogenstlresults in environmental hazards and havenhdrside
effects on human beings and animals. The chemicajiéides not only develop fungicide resistantisgdut also
accumulate in food and ground water as residuestder to over come such hazardous control stredegrientist,
researchers from all over the world paid more &tiertowards the development of alternative methetigh are,
by definition, safe in to the environment, non-t0 humans and animals and are rapidly biodeptad®ne such
strategy is use of Biocontrol (BCAs) agents totmmrnfungal plant diseases. Among the BCAs, speofegenus
Trichoderma are the most promising and effective biocontradrag. Trichoderma as antagonist controlling wide
range of microbes was well documented and demdaedtrdor more then seven decades ago, but theiunder
field condition came much later [4], and their magisms of mycoparasitism is much more complexpliving
nutrient competition, hypoparasitism antibiosis,d acell wall degrading enzymes. In the present sttiay
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antagonistic potential of selected fungal isolates tested again§tolletotrichum falcatum. Both volatile and non-
volatile compounds from antagonist fungi were eatdd against the test pathogen.

MATERIALS AND METHODS

Collection of diseased samples and isolation @blletotrichum falcatum

Colletotrichum falcatum was isolated from sugarcar@aécharum officinarum) collected from sugarcane cultivated
field. Strains were isolated from lesions of inztstem pieces. Three 5 x 5 mm pieces of tissue tagen from
the margin of infected tissues, surface sterilibgddipping in 1% sodium hypochlorite for 1 minuteymersed in
70% ethanol for 1 minute and rinsed three timeé wterilized water and finally dried in sterilizédsue paper.
Samples were placed on water agar and incubateabat temperature (28-30°C). The growing edges afjéli
hyphae developing from the tissues were then tearexf aseptically to potato dextrose agar (PDA) $tigle spore
subcultures were obtained for eaChlletotrichum isolate using the procedure describgdGoh [6]. When the
fungus showed sporulation, spore masses were piffatth a sterilized wire loop and streaked oe 8Burface of
water agar. After incubation overnight (28-30°Ghgée germinated spores were picked up with alsted needle
and transferred to PDA and identified pure cultwese stored in agar slants.

Isolation and Identification of Antagonist organisns

Fungal speciesvere isolated from soil samples by using potato dextragar (PDA) medium. Samples were
inoculated over plates by multiple tube dilutiomhrique (MTDT) and the plates were inoculated aC2for 4
days. The fungal colonies were picked up and matifby streaking and incubated at 26°C for 7-8 d&reen
conidia forming fungal bodies were selected andethasn microscopic observation was identified to be
Trichoderma harzianum Rifi., T. viride Pers. Aspergillus niger Tiegh, A. flavus Links, A. fumigatus Fresen.andA.
sulphureus Thom. The cultures were maintained on PDA slants.

Growth inhibition assay by dual culture method

Interaction between antagonistic fungi and pathimgimgi were determined by the method of Dennid ¥Webster
[7]. The antagonism between the fungi isolated femih Trichoderma harzianum, T. viride, Aspergillus
niger, A .flavus, A. fumigas and A. sulphureus, against the pathoger€dlletorichum falcatum) was studied by dual
culture technique. In a sterile condition, myceliwms picked out using inoculation lodp. falcatum was placed on
right edge of petriplate containing PDA and myceliaitherTrichoderma harzianum, T. viride, Aspergillus niger,
A. flavus, A. fumigatus or A. sulphureus were placed on left edge of the same petriplate thedplates were
incubated at 28 + 2°C and observed after 7 days.

Assay for volatile metabolites of antagonist

Effect of volatile compounds from antagonist on thdial growth ofC. falcatum was analysed. The method used to
test volatile compounds froffrichoderma harzianum, T. viride, Aspergillus niger, A. flavus, A. fumigatus and A.
sulphureus on C. falcatum was the one given by Dennis and Webster [7]. T liottom portion of petriplates
containing PDA were inoculated with mycelia of paijen and antagonist respectively, inoculated bofiates
were placed facing each other and sealed with giedloe adhesive tape. The petriplate containing RXAout
antagonist served as control. The observationd@madial growth of the test fungus were recordést & days of
incubation at 28 = 1°C. The colony diameter of fasgus in the treatment in comparison with thatleéck gave
percent growth inhibition.

Assay for non volatile metabolites of antagonist

The effects of non volatile metabolites producedthy Trichoderma harzianum, T. viride, Aspergillus niger, A.
flavus, A. fumigatus and A. sulphureus were determined by following the method of Denmisl &Vebster [7]. The
isolates of antagonist were inoculated in 100milstpotato dextrose broth in 250ml conical flagksl incubated at
28 + 2°C for 15 days. After incubation the cultuvesre filtered through Millipore filter and cultufétrates were
added to molten PDA medium (@) to obtain a final concentration of 10% (v/v).elmedium was poured into
petriplates and after solidification 3mm disc oé thathogens were placed centrally and incubatezBat 2°C.
Control plates were maintained without amending dhkture filtrate. The percent of growth inhibition all the
above experiments were calculated by the formula

C-T
I = —— x100
C
Where
| = Percentage of inhibition
C = Growth of mycelium in control
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T = Growth of mycelium in treatment

Extraction and separation of compounds from mycelim (Watts et al., 1988)

Preparation of mycelial extract

The mycelial discs ofTrichoderma harzianum, T. viride, Aspergillus niger, A. flavus, A.fumigatus and A.
sulphureus were inoculated to in liquid potato dextrose bratid incubated in darkness for three weeks. After
incubation the fungal mycelial mat was harvestedfiltsation, pressed between fold of filter paperdathen a
weighed 1 g of the fungal mycelium was extractedl@fil in 70% acetonitrile of 10 ml. The extract wagn
filtered using Whatman No.1 filter paper. The éite was dried in vacuum. The residue was re-disdoiv HPLC
solvent, i.e., acetonitrile: water: acid (65:35%:44/Vv) and used for further analysis

Separation of components using HPLC

From the mycelial extract, 0.5 ml was injected itfie rp-18 octadeclysilyl silica (DDS) column (25Lxcm, i.e.)
with LC-UV detector (P 3000 Analytical Technologicenited, India) and monitored at 254 nm. The floate was
adjusted to 1..l min-1. The fractionated samples were collectediafs.

Assay of antifungal activity

The HPLC fractions (purified compounds) from myakgxtract ofTrichoderma harzianum, T. viride, Aspergillus
niger, A. flavus, A. fumigatus and A. sulphureus were tested for their antifungal activity agai@illetotrichum
falcatum. The mycelial extract was pipetted into differevells in PDA plates in which the test fungal patéiong
Colletotrichum falcatum was plated previously. Inhibition zones (mm) fodreround the well were measured to
find out the anti fungal activity against the pajbo tested.

RESULTS AND DISCUSSION

If was found that the volatile substances emanatiog the soil fungi inhibited the radial growth tfe test
pathogens to varied degrees ranging antagonist 5m78%.Trichoderma spp, are widely used in agriculture as
biocontrol agents because of their ability to redtice incidence of disease caused by plant patimdengi,
particularly many common soil borne pathogens. ifHsailt of the present study supports the finding®apavizas
[8] and Dubey [9]. It is evident from the results tbat of the six soil fungi examined, the highestilition was
found by the volatile substances producedThichoderma harzianum againstC. falcatum (78%). The second
highest inhibition (73%) was observed by the vtdagubstances of. viride, followed by A. niger, (69%), A.
sulphureus (62%)and A. fumigatus, (60%) and lowest inhibition (57%) was Bgpergillus flavus (Table-1).

Table -1 Effect of Antagonist organisms on the groti of C. falcatum

Antagonist | % inhibition by % inhibition by % inhibition by

S. No Organism volatile assay | non volatile assay| colony interaction
1 T. harzianum 78 66 69
2 T. viride 73 62 66
3 A. flavus 57 40 48
4 A. fumigatus 60 37 60
5 A. niger 69 52 51
6 A. sulphureus 62 30 56

Table — 2 HPLC fraction of mycelial extract, whichshowed maximum antifungal activity with their RT, Concentration, and width

) Inhibition of
S.No Na”?e .Of the . R.T (min) of the Concentration | Width | mycelial growth
Anatogonistic organism | major HPLC Peak (mm)
1 T. harzianum 4.893 79.54 12.855 0.9
2 T. viride 2.927 55.57 6.521 0.7
3 A. flavus 2.655 47.41 4.123 0.4
4 A. fumigatus 2.694 49.94 6.403 0.5
5 A. niger 2.803 85.25 11.057 0.5
6 A. sulphureus 2.694 49.94 6.403 0.3

The antagonistic effects owing to non-volatile rbetées of the soil fungi againg. falcatum ranged from 40 to
60%. The highest inhibition was observed by thducalfiltrate of Trichoderma harzianum againstC. falcatum,
(66%) followed byT. viride (62%) andA. niger (52%), Aspergillus flavus (40%), A. fumigatus (37%), andA.
sulphureus (30%) (Table - 1).

The inhibition of the radial growth of the test §inrdue to non-volatile metabolites may be attridute the
production of antibiotic substances in the cultfilieates [10, 11]. It has also been reported tthet antibiotic
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production varies depending on the competing osyasi Results in colony interaction tests showed ithdial
growth inhibition ofColletotrichum falcatum by the soil fungi was in the range of 48 — 69 % tralhighest growth
inhibition was byTrichoderma harzianum (69%) followed byTrichoderma viride (66 %), A. fumigatus (60%), A.
niger (60%) A. sulphureus (56%), andAspergillus flavus (48%) (Table -1).The result of the present study supports
the findings by Sivan and Chet, [12], Cruz [13].

Fig. -1 HPLC of Mycelial extract of Trichoderma harzianum

mv

1200

1000

4.893

800

600

400

200

5.995'

£1:816
200
-2.661
2.869'
3.685
4133
7.170
8.582
9.736

-200

1 2 3 4 5 6 7 8 9 10 min
I ! | | ! N

Fig.- 2 HPLC of Mycelial extract of Trichoderma viride
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HPLC fractionation of mycelial extract of Antagonistic Organisms

HPLC analyses of mycelia extract showed fewomand minor peaks. Among them, the major peak was
obtained at the retention time 4.893 min byHRL.C analysis extract df. harzianum (Fig.1). And for T. viride

it was at RT 2.927 (Fig.2), f&k. niger at RT 2.803(Fig.3), foA. falvus at RT 2.655 ( Fig.4) foA. fumigatus at

RT 2.694 ( Fig.5), and faok sulphureus at RT 2.6.94 ( Fig.6). The HPLC results indicatieel presence of more
than one compound in all the extracts. The resuli@present study supports the findings by Madigaet al [14].
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Fig. -3 HPLC of Mycelial extract of Aspergillus niger
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Fig.- 4 HPLC of Mycelial extract of Aspergillus flavus
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Antifungal activity of HPLC fractionation of myceli al extract

Among the different fractions, tested form theitimgal activity the peak at RT 4.893 obtainedhfrd. harzianum
showed the highest growth inhibition (0.9 mm) faled by that of T. viride (0.7 mm)A. niger (0.5 mm),
A. fumigatus (0.5 mm), A. flavus (0.4 mm), andA. sulphureus (0.3 mm) against.falcatum.

The present study indicates the potential appboatf T. harzianum, and Aspergillus species against the red rot
pathogenC. falcatum. Further studies on the molecular characterizatfidh@specific compound that is responsible
for the antifungal activity through FT-IR and GC-M8alysis is underway.
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Fig. -5 HPLC of Mycelial extract of Aspergillus fumigatus
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Fig. -6 HPLC of Mycelial extract of A. sulphureus

mv
-1400

4

-1200

648
> 2%69:

-1000

-800

-600

-400

-200

4.003
4.288
4.624
5.292
5.843

0.9 18 2.7 3.6 4.5 5.4 6.3 7.2 8.1 9 min
I I I | | I i I I 1

Acknowledgements
Authors are thankful to Dr. T. Kavitha, Assistanbféssor, PG & Research Department of Microbiology.
College of Arts and Science, Pudukkottai, for hagpin identification of the Soil fungi.

REFERENCES

[1] Alexander, KC and Viswanathan, R, BJ, Piggin GMallis ES, Hogarth DM, Canberra, Australidustralian
Centre for International Agricultural Research, Proceedingsl 996 67: 46—48.

[2] Padmanabhan, P, Mohanraj, D, Vishwanathan, &), M. M, Prakasham, N, Jothi, R, and Alexande,K.
sugarcane, 1996 4, pp 16-20.

[3] Viswanathan R, Padmanabhan P, MohanrdjpBian Sugar, 1997, 47, pp 23-30.

[4] Gunnell, P.S and Gubler, W,Mycologia., 1992 84: 157-165.

20
Pelagia Research Library



N. Suresh and R. Nelson Euro. J. Exp. Bio., 2016, 6(1):15-21

[5] Chet I, Inbar J and Hadar |, Wicklow DT and $ostorm B,1997, pp 165-184.
[6] Goh, T.K,Fungal Diversity., 1999 2: 47-63.

[7] Dennis C, Webster Jrans. Br. Mycol. Soc., 1971, 57: 41-48.

[8] Papavizas GCAnnu Rev Phytopathol., 1985,23: 23-54.

[9] Dubey SC, Suresh M and SinghBological Control, 2007, 40: 118-127.

[10]Kexiang G, Xiaoguang L, Yonghong L, Tianbo Zda®huliang W,J. Phytopathol., 2002 150: 271-276.

[11] Howell, C,Plant Disease, 2003 87, (1): 4-10.

[12] Sivan, A and Chet Phytopathol., 1989 79: 198-203.

[13] De la Cruz J HG. AEur J. Biochem., 1992 206:859-867.

[14] Madhanraj, PSenthilkumar G, and PanneerselvamJAMicrobiol. Biotech. Res., 2011, 1 (3):169-175

Pelagia Research Library

21



