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Abstract 

Experiment on ill vitro screening of 125 endophytic fungi of black pepper against PhytophtllOrn 
capsici indica ted that 23 isolates showed more than 50% inhibition. The nematicidal activity of 
metabolites from endophytic fungi was also tested on Radopho/ll s silllilis and the isolate BPEF73 
(Da/dillia eschscholtzii) showed highest mortality up to 60%. The isolates showing biocontrol potential 
were characterized based on internal transcribed spacer (ITS1 and ITS2) regions of rONA. The 
sequence analysis of the isolates showed maximum identity with Al1IllIlohypoxy/oll lIitell s (BPEF25 
and BPEF38), Daldillia eschscholtzii (BPEF41 and BPEF73), FlIsarilllll spp. (BPEF72 and BPEF75), 
Ceriporia lacernta (BPEF81), Diaporthe sp. (BPEF11) and PllOlllopsis sp. (BPEF83). This is first report 
of endophytic association of above fungi in black pepper and the exploitation of their biocontrol 
potential against the major black pepper pathogens P. capsici and R. sill1ilis. 

Keywords: biocontrol, black pepper, endophytic fungi, ITS rONA sequence, Phytopht/lOrn capsici, 
RadopllOllIs silllilis 

Introd uction 

Black pe ppe r (Piper l1igr lllll L.) plants are 
affected by many diseases of which, the most 
destructive is the foot rot disease caused by 
Phytophthorn capsici followed by plant parasitic 
nematodes and viruses (Anandaraj 2000). Many 
fungal and bacteria l biocontrol agents are now 
available in market against Phytophthorn foot rot 
but most of them are of rhizospheric origin and 
needs repea ted soil applications and is obliged 
to compete with the native micro flora. Hence a 
plant base d biocontrol alternative like 
endophytes have grea t significance. Radophoills 
silllilis the main causal organism of slow decline 
disease is another major threa t to black pepper 

culti va tion. Because of its migratory nature, 
control of R. silllilis is problematic; few bacterial 
biocontrol agents are available against R. silllilis 
of black pepper (Aravind et al . 2010) but fungal 
endophytes as biocontrol agents are unexplored. 
Endophytic fungi have recently been considered 
as an important resource for biocontrol agents 
(Sikora et a/. 2008) against plant parasiti c 
nematodes. The endophytic associations have 
been found in almost all plants studied (Schulz 
& Boyle 2005) and they may occupy the space 
available in leaves (Arnold 2007), stems and 
roots of the plants (Arnold et al . 2001). 

Biocontrol potential of endophytes has been 
observed in many hosts. For exa mpl e, 
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endophytic fungi have been found to protect 
tomatoes (Hallman & Sikora 1996) and bananas 
(Sikora el al. 2008) from nematodes, beans, 
barley (Boyle el al. 2001), rice (Na ik el al. 2009), 
fennel, le ttuce, chicory and celery (D'Amico et 
al. 2008) against fungal pathogens and so on. 
Hanada el al. (2010), reported that endophyti c 
funga l isolates were effecti ve in suppression of 
the blac k-pod ro t of cacao ca used by 
Ph ytophthora pa llllivora. The mecha ni s ms 
involved in biologica l control of endophyti c 
fungi aga inst plant pathogens include antibiosis 
(Morath et al. 201 2; Kumar & Kaushik 2013), 
competiti on for nutrients and space (Narisawa 
et al. 2004), induction of defence res ponse 
(Varma et al. 2012), and mycoparasitism (Gao et 
al. 2005). Black pepper endophytes remain 
la rge ly unex pl o red w ith few excep tio ns 
(A ra v ind et al. 201 0 & Sa ll y et al. 2011 ). 
Conside ring these, a stud y was p roposed to 
identify potential fungal endophytes against P. 
capsici and R. silllilis. 

Materials and methods 

Isolatioll of f ll llgal elldophyles fro lll black pepper 
tissues 

Healthy vines were selected from the black 
peppe r va ri e ti es Panni y ur1 , Pa nni y ur3, 
Sreekara, and Subhakara during 2009-2010. The 
stem, leaves and roots were collected from these 
vines and used for the isola tion of endophyti c 
fungi. Ti ssues we re washe.d individuall y in 
running tap wa ter and moved to the laminar air 
fl ow chamber where sections were cut with a 
steril e sca lpel. These secti ons were surface
s te rili zed by dippin g in 0.5% sodium 
hypoch lorite for 2 min, then treated with 70% 
ethanol for 2 min and rinsed in sterile distilled 
water thrice followed by drying on sterile filter 
paper (Arnold et al. 2001). The edges of each 
ti ssue were cut off and disca rded the remaining 
sterile tissues measuring around 2 x 3 mm were 
used for endophytic fungi isolation . To ensure 
surface s te rili za ti on, the s te rili zed ti ssue 
segments were pressed on to the surface of MEA 
medium and the final wash solution were pour 
plated on MEA and incubated for 30 days at 
room temperature under dark with period ic 
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observations at every 24 h (Schul z et al. 1993). 
Fo r iso la ti on, the s te rili zed ti ssues were 
indi vidually placed in petri d ishes conta ining 
malt ex tract aga r (MEA) amended with 0.1% 
s tock a ntibi oti c so lutio n (0.02 g eac h 
tetracycline, streptomycin and penici llin in 10 
mL sterile d istilled water and filter sterilized). 
The plates we re incubated as mentioned above. 

In vitro screellillg of elldophytic fU llgal isolales 
agaillst P. capsici 

Vi rulent P. capsici isolate no: 05-06 was obtained 
from Na tional repository of Phytopilthora, ICAR
Indian Institute of Spices Resea rch, (ICAR-IlSR) 
Koz hi kod e India . Myce lia l di sc of 5mm 
diameter cut from both endophytic fungi and 
P. capsici were placed 4 cm apart in petri dishes 
with equal distance from the periphery. Control 
plates with P. capsici alone were maintained and 
each treatment was replicated thrice. Percentage 
inhibition was calculated using the formula, PI 
~ (C-T) / C x 100 were PI ~ percentage inhibition; 
C ~ radial growth of the pathogen in control 
(mm); T ~ radial growth of the pathogen in dual 
culture (mm). Observa tions on the interactions 
were recorded from 72 h after inoculation. Three 
types of antagonistic acti vities were recorded : 
(1) Antibiosis: myceli al inhibition of P. capsici by 
endophytic fungi (2) competition for substrate: 
overgrowth of one organism by another; and (3) 
mycoparas iti sm : obse rva tion on d irec t 
p aras iti sm of p'a thogen h yphae throu g h 
microscope. Potenti al endophytic fungal isolate 
was selected from 125 isolates based on in vitro 
antagonistic activities. 

Effect of volatile and Ilo ll -volatile lIIelaboliles of 
elldophytic f llllgal isolales on radial growlh of P. 
capsici 

The e ffec ts o f vol a tile me tabo lites o f the 
endophytic funga l isolates on mycelial growth 
of P. capsici were tested by using the method 
described by Dennis and Webster (1971). Two 
bottom portions of Petri plates containing potato 
dextrose aga r (PDA) were inoculated w ith a 5 
mm di sc P. capsici and the test end ophytes 
respectively and both PDA plates were placed 
facing each other and sealed with cellophane 
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adhesive tape. Both Petri plates with pathogen 
served as control. The observa tions on the rad ial 
growth of the pathogen were recorded after 72 
h of incuba tion . The colony di ameter of the 
pathogen in the treatment in comparison with 
tha t o f con tro l gave percentage grow th 
inhibition. Fo r non volatile metabolite assay; 
cul ture filtrate of endophytic fungi grown on 
po tato dex trose b roth (PDB) a t 28°C w ith 
continuous shaking at 110 rpm were collected 
after 15 days and sterili zed using 0.2 pm pore 
sized membrane filter. Sterili zed filtr ate was 
added to molten PDA at the rate of 1 mL/ 100 
mL, and dispensed in to five 90 mm petri plates. 
Mycelial disc of P. capsici (5mm) was cut from 
the grow ing edges of 72 h old culture and 
inoculated at the centre. Plates without cul ture 
filtrates served as the control. The experiment 
was done in triplicate and was incubated fo r 72 
h at room temperature. 

Tes tillg Ihe Ilelllaticidal activily of lIlelabolites of 
elldo phytic f lll1gal isolates 0 11 R. simi lis IIl1der m 

vitro 

The black pepper endophytic fungal isolates 
which showed more than 70% ill vitro inhibition 
against P. capsici were grown in PDB for 15 days 
under dark at 28°C with continuous shaking at 
110 rpm. The crude metabolites, which d iffuse 
in the medium, were co llected using sterile 
muslin cloth and the mycelium was di scarded 

-~=--and the extracts were filter ste rilized using 0.2 
pm pore sized membrane filte r. 1 mL of extract 
was added to each well of microtiter plates and 
inoculated with 10 live R. silllilis (second stage 
juveniles) co llected fro m nematod e culture 
maintained on ca rrot culture. In control 1 mL 
filtered PDB was added instead of extract and a 
steri le wate r control was also kept. Three 
replica tions were maintained for each treatment. 
The pl a tes we re obse r ved und e r a 
stereomicroscope for vi able nematodes at 24 h 
interva ls for 3 days . After 72 h incubation the 
plates were obse rved under a stereomicroscope 
by adding 20 pL of IN NaOH (Arav ind et al. 
2010). The result s we re reco rded and the 
percentage mortality of nematodes ove r the 
control was calculated . 
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Idelltificatioll of the mdopllytic fllll gal isolates 

peR alllplificatioll of ITS regio ll al1d seqllellcillg 

DNA of end oph ytic fung us was extracted 
following protocol of Cooke & Duncan (1997). 
The process in vo lved g rin d ing 50~ mg of 
mycelium in 750 pL STE buffer (1 M l 1"1s, 5 M 
NaCl, 0.5 M EDTA, 10% 50S) using micropestle. 
After centrifuga tion at 12000 rpm for 5 minutes, 
the aqueous phase was collected and extracted 
w ith equ al v.o lume of p henol: chl or.oform: 
isoamyl alcohol (25:24:1). Further extra chon was 
repea ted using chloroform: isoamyl alcohol 
(24:1 ). DNA was pelletted using isopropanol by 
centri fugation at 12000 rp m for 10 mll1u tes. The 
pellet was washed in 70% ethanol and the dried 
pellet was resuspended in 50 p L of TE buffer. 
The quantity and quality of DNA was estllnated 
by UV-spectrophotometer and by aga rose gel 
electrophoresis. The polymerase cham reactIOn 
of the ITS region of the nine isolates were done 
u s in g the prime rs, ITSI (5'
TCCGTAGGTGAACCTGCGG-3') and ITS2 (5'
GCTGCGTTCTTCATCGATGC-3'). The 
reactions were ca rried out in a total volume of 
25 pL containing 50 ng of genomiC DNA, 20 
pmol of each primer, 10 mM of dNTPs, 1.5 umt 
of Taq polymerase in I x PCR reactIOn buffer and 
1.5 mM MgCl,. Amplification was performed m 
a prog rammable thermal cycler (Eppendorf) 
w ith th e fo llow ing co nditi o ns: 111Itla l 
denaturati on at 94°C fo r 3 min, 30 cycles of 
denaturation at 94°C fo r 30 sec, primer annea ling 
at 55°C for 30 sec, extension of annealed primer 
at 720C for 1 min and a final extension at 72°C 
for 10 min . The amplicons were exc ised and 
were purified using Gen elute gel extraction kit 
(Genei, Banga lore). Puri fied PCR products were 
sequenced in the AB! DNA sequen~er (Xcelns 
labs, Ahmadabad) . Sequence sll11llanty searches 
we re performed using BLAST (Altschul et al. 
1990) and submitted to NCB! (NatIOnal Center 
fo r Biotechnology Information) GenBank and 
IISR d a ta base. Access ion numbe rs were 
assigned based on similarity in BLAST. 

PatiJogell icity tes ti llg of tl,e elldophytic f Ullgal 
isolates 
Pathogenici ty of the iso lates was tested by 
d e tached lea f assay us ing two month old 
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susceptible black peppe r variety Sreekara 
having 5-6 leaves. The second and third leaves 
(from the top) were kept with abaxial side facing 
up on moist chamber. Mycelial discs of 3 mm 
size from 7 days old endophytic fun gal culture 
was inoculated on the leaf and incubated a t 
room temperature for seven days, P. caps ici 
inoculated leaves served as control and the 
experiment was replica ted thrice. Observations 
were made at 24 h intervals after inoculation to 
monitor symptom developments. 

Statistical analysis 

Data were analyzed for significant differences 
by analysis of variance (ANOVA) with the 
statistical package SAS software (Version 9.3) 
and subjected to mean separation by the Least 
Significant Difference (LSD) test, P<O.05. 

Results and discussion 

Isolation of fllllgal el/dophytes frolll black pepper 
tisslles 

Isolations were made from plates that were 
negative for fungal growth in sterility checking 
plates. The incubation time ranged from 9-24 
days. A total of 125 endophytic fungi (Table 1) 
were obtained. There were 59 isolates from stem, 
38 from root and 28 from leaf (Fig. 1). Fungi 
growing out from the plant tis s ues were 
transferred to fresh MEA medium and reference 
name (HPEF) was ass igned to each isolate. 
Whenever more than one type of mycelium was 
noticed, such cultures were processed only after 
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purification. Culhlres were preserved on PDA 
slants and s tored at 15°C in BOD incubator. 

In vitro screen ing of endophytic fill/gal isolates 
against P. capsici 

Ollal plate assay 

The maximum myce lial inhibition of 78% was 
recorded by three isolates BPEF81 (Ceriporia 
lacerate), BPEF83 (Pholl1opsis sp.) and BPEFll 
(Oiaporthe sp.) followed by 75% inhibition by 
BPEF73 (Oaldillia eschscho/tzii) (Table 2). BPEF25 
(Anlllliohypoxylon lIitens) and BPEF75 (Fllsariulll 
sp.) were equally effective against P capsici (74%) 
(Fig. 2). Among the nine isolates four BPEF81, 
BPEF83, BPEFlland BPEF73 over grew P. capsici 
within 48 h and three is olates BPEF38 
(Annlllohypoxylol1 nitens), BPEF25 and BPEF41 
(Oaldillia eschscholtzii) over grew the pathogen 
after 72 h of in cubation. Except BPEF72 
(Fllsar illm sp.) and BPEF75 (Fll sarilllll s p.), 
substrate competition was observed in all the 
isolates tested. Seven isolates were positive for 
antibiosis (Table 3) and four isolates showed 
mi xed inte ractions (both antibiosis and 
competition). Mycoparasitism was observed in 
only one isolate, BPEF83 (Pholllopsis sp.). 

Effect of volatile alld lion-vola tile lIIetabolites of 
elldophytic fllllgal isolates 011 radial growth of P. 
capsid 

In the assay for volatile metabolites, after 72 h 
of incubation maximum growth inhibition was 
observed (Fig. 3) in the isolate BPEF38 (34.69%) 

Table 1. Endophytic fungal isolates of black pepper va rieties 

State Place of collection Black pepper Number of isolates Total 
variety obtained from isolates 

Stem Root Leaf 
Kerala Chelavoor, Kozhikode Sreekara 8 8 2 18 
Ke rala Chelavoor, Kozhikode Panniyur 1 9 4 3 16 
Kerala Chelavoor, Kozhikode Subhakara 8 5 6 19 
Kerala Peruvannamuzhi, Kozhikode Panniyur3 8 3 4 15 
Kerala Peruvannamllzhi, Kozhikode Sreekara 10 7 4 21 
Karnataka Sakaleshpur, Hassan Panniyuf 1 8 4 5 17 
Karnataka Mudigere, Chikkamagaluru Panniyuf 1 8 7 4 19 
Total isolates 59 38 28 125 

Fllllgal elldophytes of black pepper 

Fig. 1. Growth of endophytic fungi from (a) root (b) leaf and (c) stem of black pepper on MEA plates 

Table 2. Biocontrol potential of endophytic fungal isolates aga inst P. capsid 

Endophytic fungal isolate 

Oiaportlle sp. (BPEFll) 
Alllllliollypoxyloll lIitells (BP EF25) 
Alllllliohypoxyloll lIitells (BPEF38) 
Oaldill ia eschscllolt zii (BPEF41) 
FllsariulII sp. (BPEF72) 
Oaldillia eschscholtzii (BPEF73) 
FusariulII sp. (BPEF75) 
Ceriporia lacerata (BPEF81) 
PllOlllopsis sp. (BPEF83) 
LSD (P<0.05) 

Source of tissue and variety 
(Identity/isolate number) 

Stem/Panniyurl 

Stem/Panniyur1 
Stem/Panniyurl 

Stem/Panniyur1 
Stem/Subhakara 

Stem/Subhakara 
Root/ Subhakara 
Leaf! Subhakara 
Leaf! Subhakara 

*Figures in the bracket are arc sine transformed 

--'~~""'_ Table 3.111 vitro screening of endophytic fungal isolates against P. capsici 

Mycelial inhibihon(%) 
used for isolation 

78.07(62.03) • 
74.14(59.34) • 
70.03(56.79) • 
72.00(58.05) • 
70.00(56.79) • 
75.00(60.00) • 
74.15(59.34) • 
78.88(62.58) • 
78.67(62.44) • 

0.9943 

Isolates Biocontrol interaction of the isolates against 
P. capsici (after 72 h of incubation) 

11 7 

Competition Antibiosis Mycoparasitism 

Oiaporille sp. (BPEF1l) 
Alllllliohypoxyloll lIitells (BPEF25) 
Alllllliohypoxyloll lIitells (BPEF38) 
Oaldillia eschscilOltzii (BPEF41) 
FIIsariulII sp. (BPEF72) 
Oaldillia eschscholtzii (BPEF73) 
FusariulII sp. (BPEF75) 
Ceriporia lacerala (BPEF81) 

+ 

+ 

+ 

+ 

+ 

+ 

PlIolllopsis sp. (BPEF83) + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

'+' and '-' signs indicate the presence and the absence of interaction respectively. In. cOl~~etition, .' +' 
indicates the over growth of the pathogen by the isolates, in antibiosis, '+' indicates mycehal dlsmtegrahon 
and zone of lysis and in mycoparasitism '+' indicates coiling of hyphaea of P. capslcl by the endophy tic 
funga l isolates. 
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Fig. 2. Dual culture plates showing the inhibition of myce lia of P. capsici by endophyt ic isolates 
(a) BPEFll, (b) BP EF25, (c) BPEF38, (d) BPEF41 (e) BPEF72, (f) BPEF73, (g) BPEF75, 
(h) BPEF81, (i) BPEF83 and (j) P. capsici (Control). 

followed by BPEF25 (31.07%). No growth 
inhibition was observed in BPEF4 and BPEF73. 
In the case of no n -vola til e m etabo lites 
production maximum growth inhibition was 
observed in BPEF25 (31.44%) followed by 
BP EF ll (24 .94%). No effects were seen in 
BPEF73 and BPEF75. 

Tes tillg the Hellla ticidal activity of lIIetabolites of 
endophytic fllngal isolates Oil R. similis lIllder in 
vitro 

Out of the nine iso ates tested five iso la tes 
(BPEFll, BPEF73, BPEF75, BPEF81 and BPEF83) 

showed nematode mortality (ranging from 20 -
60%) after 72 h of incubation . The short listed 
five isolates were further assayed for mortality 
in 24 h inte rva ls (F ig . 4). The ma xi mum 
mortality was obse rved in BPEF73 (Daldinia 
eschscholtzii) followed by BPEF75 (Fllsarilllll sp .). 
No mortality was observed in s te rile distilled 
water as well as POB controls even after 72 h of 
incuba tion (Fig. 5). 

Identification of the endophytic f llngal isolates 

The two sporula ting isolates were identified as 
Fll sarilllll sp. and furth e r confirmed by ITS 

Table 4. Identification of the endophytiC funga l isolates 

Isolate Identification based on BLAST Gene Bank accession number Identi ty match(%) 
search of ITS sequences 

BPEFll Diaporthe sp. KF219919 98 

BPEF25 Alllllllohypoxylon llitcns KF151846 99 

BPEF38 Annnioh ypoxylon llifclls KF254768 99 

BPEF41 Dnldillia eschscllOItz i; KF151848 99 

BPEF72 Fllsariul1I sp. KF151847 99 

BPEF73 Daldillia eschscJlOltzi; KF151849 99 

BPEF75 Fusarilllll sp. KF151850 98 

BPEF81 Ceriporin laccrafa KF151851 98 

BPEF83 PllOlI/opsis sp. KF219920 99 

Flingal endophytes of black pepper 
11 9 
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Fig. 3. Effect of volatile and non-volatile metabolite of endophytic fungi on growth of P. capsici. Sine Arc 
transformed values for each replication was used, ANOYA and DMRT (LSD at P :;;0.05 for volatile metabohte 
~ 1.2 and for non volat ile metabolites = 1.269) were performed. 
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Fig. 4. Percentage mortality of R. similis incubated with metabolites (at 24 h interva ls) 

sequencing. All the non sporulating isolates 
were identified based on ITS sequencing. An 
ampli con of 600 bp was obtained for all the 
isola tes. Blast sea rch of the isolates showed 
Similarity with other reported endophyti c fungi 
(Table 4) . The sequences were de posited in 
NCBl. The accession numbers are given in Table 

4. Name was assigned based on BLAST sea rch 
results of ITS sequ e nces of m os t s imil a r 
sequences and other reported endophytes. 

PatllOgellicity of the isolates 

None of the isolate caused any symptom w hen 
incubated even up to seven days w hereas 
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Fig. 5. Bioassay of culture filtrate aga inst of R. si1lI ilis after 72h of incubatio n. Here the dead nematodes 
assume straight posture (a) BPEFll (b) BPEF73 (c) BPEF75 (d) BPEF81 (e) BPEF83 (f) SOW and (g) POB. 

P. capsici could cause symptoms within 24 h and 
the lea f got fully infected by 7 days. 

This study indica ted that black pepper harbours 
endophy tic fun ga l fl ora belonging to the genera 
Al1IllIlohypoxyloll, Daldillia, FlIsarilllll , Ceriporia, 
D iaporthe and PllO lllopsis which supports the fact 
tha t no vascul ar plant deprived of endophytic 
fun g i co uld be see n a nd e nd o phy tes a re 
widespread in all major taxonomic groups of 
plants Ii ing under va rious envi ronments 
(Ca rroll 1988; Clay 1993; Tondje el al. 2006; 
Arnold 2007; Rodriguez et al. 2009). Endophytic 
fun g i h ave recentl y been con sid e re d a n 
im portant resource for screening biocontrol 
agents to suppress plant pathogens (Sikora el 
al. 2008; Naik ef al. 2009; Hanada ef al. 2010). 
Endophy tic fun gi isolated from black pepper 
have been tested for the ir antagonis tic potential 
against two major pathogens of black pepper P. 
capsici and R. similis. The isolates which showed 
more th an 70% 111 v ilro myceli a l inhibition 
aga in s t P. capsici w e re s tudied for m ajor 
biocontrol traits of endophytes like competition, 
antibiosis and mycoparasitism (Narisawa ef al. 
2004; Bailey el al . 2008; Mora th el al . 2012; Kumar 
& Kaushik 2013). The isolates Ceriporia lacernla 
(BPEF81), PllOmopsis sp. (BPEF83) and Diaporthe 

sp. (BP EFll) a re equa ll y effective aga ins t P. 
capsici ill vitro. The most common anti-oomycete 
mechanism observed in this study was subs tra te 
competiti on fo llowed by antibiosis. Limited 
inhibition of P. capsici was observed by volatile 
and non-volatile metabolites of endophytes (less 
th an 40%). Th e ne m a ti ci d a l ac ti v ity o f 
me tabo lites fro m endophyti c fung i was a lso 
tes ted on R. similis and the iso late BP EF73 
(Daldillia eschscholtzii) showed highest morta lity 
(60%). Nel ef al. (2006), studied the potential of 
non-pathogenic FlIsarillm spp. for the biologica l 
control of p lant diseases. 

Traditionally funga l identification was done 
based on morphological characteristics but most 
of the endophy tic isolates do not sporula te in 
cultures (Petrini 1991; Guo ef al. 2000; Photita ef 
al. 2001; Canno n and Simmons, 2002) . There 
w e re re po rted techniques fo r indu cing 
sporula tion in fungi (Guo el al. 2000) but they 
w ere time-consuming to make a comple te 
id entifi cati o n. Fo r id e ntifi ca tion o f fung i 
molecu lar tool like ITS rONA sequencing was 
reported use ful (White ef af. 1990) . In this study 
ITS rONA sequencing was used for taxonomic 
identi fica tion of no n sporu lating endophyti c 
isolates. Among the nine isola tes of endophytes 

FIll/gal e/ldaphytes of vlack pepper 

from black pepper that were showing inh ibitory 
effect on two major pa thogens of black pepper 
namely P. capsici and R. similis except Fllsarium, 
seven of them were nonsporulating types, based 
on ITS rONA sequencing they were iden tified. 
Since any of the e fficien t endophytic isolates 
showed any pathogeni c reactio n o n blac k 
peppe r on arti ficial inocula tion there is a g reat 
potentia l to use them as biocontrol agents for 
the manage ment o f P. caps ici and R. simil is 
infections in black pepper. 
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