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ABSTRACT 

Ten antagonists were screened against Colletotrichum 

gloeosporioides for their antagonistic potential through dual 

culture and well-in-agar techniques. Trichoderma harzianum 

ISO-1, T.harzianum ISO-2, T.piluliferum, Aspergillus niger 

and Penicillium sublateritium exhibited the antagonism. 

Isolates of Trichoderma showed hyphal interaction and 

mycoparasitism against C.gloeosporioides.  P.frequentans 

and P.herquei showed minimum antagonistic efficacy and 

percent inhibition of radial growth.  In vitro study suggested 

that biocontrol agents can be applied in field trial (in vivo) 

against anthracnose of P.longum. 

Life Sciences 
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INTRODUCTION 

Piper longum Linn. belonging to the family Piperaceae is a slender aromatic climber with 

perennial woody roots and found all over India in evergreen forests and is cultivated in Assam, 

Tamil Nadu and Andhra Pradesh1. P.longum is commonly known as pippali. It possesses good 

medicinal properties such as carminative, stimulant, aromatic, good for constipation, gonorrhea 

and paralysis of the tongue. P.longum is most commonly used to treat respiratory infections such 

as bronchitis, diseases of the spleen, cough, tumors, and asthma. When applied topically, it 

soothes and relieves muscular pains and inflammation. In Ayurvedic medicine, it is said to be a 

good rejuvenator. It also helps in stimulating the appetite and used as sedative in insomnia and 

epilepsy. Also as cholagogue in obstruction of bile duct and gall bladder2,3. P.longum is attacked 

by Colletotrichum gloeosporioides (Penz.) Penz. & Sacc. causing leaf spot disease4. Anthracnose, 

caused by C.gloeosporioides (Penz.) was reported by5 from Ayurvedic Nursery, Herbertpur, 

Uttarakhand. 6reported that C.gloeosporioides causes anthracnose in P.nigrum (Black pepper). 

Plant disease management through biocontrol agents is in demand nowadays. As the intensive use 

of fungicides has resulted not only in the accumulation of toxic compounds potentially hazardous 

to humans and the environment7 but also in the built-up of resistance in the pathogens. Increasing 

awareness of fungicide-related hazards has emphasized the need of adopting biological control 

methods as an alternative and eco-friendly approach for the disease control in plants8. 

Biological control of plant disease is the suppression of disease symptoms and disease incidence 

by the application of a biological agent, usually a microorganism9. Antagonistic microorganisms 

can compete with the pathogen for nutrients, inhibit pathogen multiplication by secreting 

antibiotics or toxins10. Trichoderma harzianum as a biocontrol agent of plant pathogens was used 

for the control of soil borne, foliar and post harvest diseases in various crops in the field, in 

commercial green house and storage deposits11,12,13,14. Trichoderma spp. suppresses disease by 

antagonizing the pathogen15. 

Present study aimed at analyzing the efficiency of culture and culture filtrates of antagonists in the 
control of C.gloeosporioides causing anthracnose in P.longum. 
MATERIALS AND METHODS 

Study of symptoms of anthracnose  

The diseased leaves of P.longum infected with C.gloeosporioides were collected separately in 

sterilized biodegradable polythene bags from Ayurvedic Nursery, Herbertpur, Uttarakhand and 

brought into laboratory. Symptoms caused by anthracnose were noted in the field and 

microscopic characters in laboratory with the help of simple microscope.  



International Standard Serial Number (ISSN): 2249-6807 

25  Full Text Available On www.ijipls.com

 

Isolation of leaf pathogen 

For the isolation of pure culture of fungal pathogen, a portion of leaf containing brown spot was 

surface sterilized with 0.1% mercuric chloride for 1 min, followed by rinsing with three changes 

of sterilized distilled water and was placed on potato dextrose agar medium in Petri plates. The 

plates were incubated in a B.O.D. incubator at 25±1°C for mycelial growth. Based on the 

morphological characters, the organism was identified with the help of standard monographs16.  

Isolation of phylloplane fungi 

Phylloplane fungi were isolated from healthy leaves of P.longum through leaf washing 

technique17,18 and identified with the help of standard monographs19 and expertise available. To 

study their antagonistic properties pure cultures were maintained on potato dextrose agar medium 

at 4°C in a refrigerator. 

a. Dual-culture technique:  

Assay for antagonism was performed on PDA Petri plates by the dual culture technique. Sterilized 

potato dextrose agar medium was poured aseptically into sterilized Petri dishes of 7 cm dia. 

Culture discs of 5 mm dia were cut from the periphery of the actively growing colonies using a 

sterilized cork borer. Disc of test fungus was placed aseptically at the edge of the Petri plate. 

These plates were incubated at 25±1ºC for 3 days. Mycelial disc (5 mm) of antagonist growing on 

PDA was inoculated on opposite side of Petri plate three days after the pathogen to adjust for the 

slow growth rate of the pathogen. Paired cultures were again incubated at 25±1ºC for 6-9 days and 

observed periodically. Each set was made in 3 replicates.  

Antagonistic behaviour was measured quantitatively by calculating the area using graph paper to 

measure the area of the antagonists, test pathogen species and inhibition zone in the Petri plate. 

Antagonistic efficacy for each antagonist against the pathogen was worked out according to the 

following formula20: 

Antagonistic efficacy = b + c – a 

Where, 

a = % of area of test pathogen sp. with antagonist in the same Petri plate (cm2) 

b = % of area of antagonist, and 

c = % area of inhibition zone between antagonist and pathogen or overgrowth of  
          antagonist over test fungus.  
The edges of the parasitized pathogen hyphae by microbial antagonists were transferred from the 

dual culture dish onto clean slides after 7 days of incubation and mounted with a coverslip in a 

drop of lactophenol cotton blue. Hyphal interaction and morphology were examined under a 

research microscope. 
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b) Culture filtrate method (Well in agar assay) 

Flasks prepared with PDB medium were inoculated with antagonist fungi and incubated in a BOD 

incubator at 25±1ºC for 15 days. After 15 days of incubation culture filtrate was divided into two 

parts. One part was filtered with Whatman No.1 filter paper denoted as ‘with cell’ culture filtrate 

and the other part was filtered with a bacterial syringe filter (0.45 micron) denoted as ‘cell free’ 

culture filtrate.  

PDA Petri plates were prepared. Using a flamed cork borer of 5mm diameter, agar plugs were 

removed at a distance of 1cm from the periphery of the plate to make wells. Five mm mycelial 

disc of test pathogen was cut from the actively growing colony margin and placed in the centre of 

the Petri plates. Wells in Petri plates were then filled with culture filtrates (20µl/well) of the 

antagonist fungi as prepared above in separate plates. Whereas, in control set the wells were filled 

with sterilized distilled (20µl) water. These plates were incubated at 25±1ºC for 7 days and the 

radial growth of the pathogen was measured with the help of metric scale21. 

Radial growth inhibition was evaluated according to the formula:   

% Growth Inhibition = R2-R1/R2 ×100  

Where,  

R2= Radial growth of test pathogen in control 

R1= Radial growth of test pathogen in treatment 

RESULTS AND DISCUSSION  

Pathogen causing leaf anthracnose in P.longum was identified as Colletotrichum gloeosporioides 

(Penz.) Sacc. (Fig 1a). Antagonists were identified on the basis of their cultural and microscopic 

characteristics as Trichoderma harzianum Rifai ISO-1 and T. harzianum ISO-2, T. piluliferum 

Webster and Rifai, Aspergillus niger van Tieghem, Penicillium sublateritium Biourge, P. herquei 

Bainier and Sartory, P.frequentans Westling, P.tardum Thom, P.citreo-viride Biourge and 

Cladosporium cladosporioides (Fresen.) de Vries. 

Antagonistic activity in vitro   

Dual culture technique  

Dual culture assays showed that all antagonistic microorganisms inhibited the mycelial growth of 

C.gloeosporioides, with varying efficiency (Table 1) (Fig 1). Among the ten microbial 

antagonists, Trichoderma harzianum ISO-1 and ISO-2 and T.piluliferum significantly exhibited 

the strongest antagonism against C.gloeosporioides with a high percent antagonistic efficacy 

(90.0%) showing mycoparisitism (lysis of hyphae of pathogen, Fig 2.). Antagonists A.niger 

(62.97%), P.sublateritium (61.02%) and P.herquei (42.19%) were also found to be effective in 
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Culture filtrate method (Well-in-agar assay) 

Antagonist T.piluliferum exhibited highest percent radial growth inhibition (89.35) of 

C.gloeosporioides which was at par with T.harzianum ISO-1 (88.0) followed by T.harzianum 

ISO-2 (61.22). Per cent radial growth inhibition of C.gloeosporioides exhibited by 

P.sublateritium (57.0) was found to be at par with A.niger (53.65).Whereas, minimum 

suppression was shown by P.herquei (15.87) (Table 2) (Fig 3). During interaction between 

(antagonists and conditions) it was observed that A.niger, P.sublateritium, P.citreo-viride, 

P.frequentans, P.herquei, P.tardum, C.cladosporioides and T.harzianum ISO-2 exhibited more 

inhibition under ‘with cell’ as compared to the ‘cell free’ condition except T.harzianum ISO-1 and 

T.piluliferum which showed similar effect under both the conditions. 
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Table 2. Per cent inhibition of radial growth of C.gloeosporioides 

S.No. Antagonists 
Conditions  

Mean With cell 
(Mean±S.D.) 

Cell free 
(Mean±S.D.) 

1. A. niger          68.47±3.96 38.83±0.56 53.65 
2. C.cladosporioides 34.66±2.19 1.53±2.65 18.10 
3. P.citreo-viride   37.10±1.44 4.23±0.98 20.67 
4. P.frequentans    28.80±2.42 16.43±0.25 22.62 
5. P.herquei 27.46±2.33 4.26±0.92 15.87 
6. P.sublateritium  71.46±6.36 42.53±1.56 57.00 
7. P.tardum         45.06±2.35 1.20±1.03 23.13 
8. T.harzianum  ISO-1    88.36±4.39 87.80±3.11 88.08 
9. T.harzianum ISO-2      75.53±6.21 46.90±0.78 61.22 
10. T.pliluliferum 90.90±0.62 87.80±3.48 89.35 

Mean  56.78 33.15  
A C A x C 

SEM±  1.20 0.53 1.70 
CD at 5%  3.43 1.53 4.86 

      A-Antagonist; C-Condition (with cell, cell free) 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 
(i) 
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Fig 3.  Radial growth inhibition of C.gloeosporioides in (with cell, cell free) culture filtrates of 

antagonists a) Control, b) In A.niger (with cell) culture filtrate, c) In A.niger (cell free) culture 

filtrate, d) In C.cladosporioides (with cell) culture filtrate, e) In C.cladosporioides (cell free) 

culture filtrate, f) In P.citreo-viride (with cell) culture filtrate, g) In P.citreo-viride (cell free) 

culture filtrate, h) In P.frequentans (with cell) culture filtrate, i) In P.frequentans (cell free) 

culture filtrate. 
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(u) 

j) In P.herquei (with cell) culture filtrate, k) In P.herquei (cell free) culture filtrate, l) In 

P.sublateritium (with cell) culture filtrate, m) In P.sublateritium (cell free) culture filtrate, n) In 

P.tardum (with cell) culture filtrate, o) In P.tardum (cell free) culture filtrate, p) In T.harzianum 

ISO-1 (with cell) culture filtrate, q) In T.harzianum ISO-1 (cell free) culture filtrate, r) In 

T.harzianum ISO-2 (with cell) culture filtrate, s) In T.harzianum ISO-2 (cell free) culture filtrate, 

t) In T.piluliferum (with cell) culture filtrate, u) In T.piluliferum (cell free) culture filtrate. 
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22,23 emphasized the biological significance of phyllosphere fungi. Fungi present on phylloplane 

such as (Aspergillus spp., Trichophyton spp. and Gliocladium spp.) have been reported for their 

antagonistic activity against Colletotrichum leaf disease of Hevea brasiliensis (rubber plant) 24. In 

present study Trichoderma harzianum ISO-1, ISO-2 and T.piluliferum effectively antagonized 

mycelial growth of C.gloeosporioides causing anthracnose in P.longum through dual culture 

technique. Similar observations were made by25 where Trichoderma harzianum and T.viride 

overgrew the colonies of C.gloeosporioides. Antagonistic effect of T.harzianum, A.niger against 

C.gloeosporioides was reported by26. Potential of T.harzianum as an effective antagonist against 

Colletotrichum species has been reported earlier by27.  

‘With cell’ and ‘cell free’ culture filtrates of antagonists were analyzed in vitro. It was examined 

that Trichoderma harzianum ISO-1, T.harzianum ISO-2, T.piluliferum caused maximum per cent 

radial growth inhibition of the pathogens through well-in-agar technique followed by A.niger and 

P.sublateritium. During study it was observed that A.niger (with cell and cell free) culture filtrates 

effectively inhibited radial mycelial growth of C.gloeosporioides which was found to be in 

agreement with the findings made by28. 29examined that culture filtrate of Trichoderma harzianum 

effectively controlled the growth of Colletotrichum capsici. Similar findings were made by30 

where non-volatile compounds produced by T.harzianum inhibited the growth of 

C.lindemuthianum. 

Thus T.harzianum ISO-1, T.harzianum ISO-2, T.piluliferum, A.niger and P.sublateritium were 

found to be strong and potent antagonists against C.gloeosporioides. 

CONCLUSION 

It can be concluded that biological control agents T.harzianum ISO-1, T.harzianum ISO-2, 

T.piluliferum, A.niger and P.sublateritium showed potential in in vitro techniques. Therefore, they 

can be recommended as eco-friendly method for the management of foliar diseases of Piper 

longum for enhancing the productivity and can be applied for field trials. 
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