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ABSTRACT: Fruit rot of arccanut causcd by Phyl0l'hlhortl me(ulii McRae is a major 
constraint in arccallut productioll causing subst:lntial loss in yield. lJsc of biocontrol agents 
is effective, ecofriendly and nonhazal'dous possibility for fruit rot managcment. The prescnt 
investigation focuses 011 the screening of potentilll biocontrol agents agllinst the fruit rot 
pathogen, Phyfopftt/lora meallii on arecallut. Among thc 14 isolatcs scrcened Oil dual culture 
method and bioassay eXI>eriments, Trichotlerma I,jricie (04), /Jtlci/lIlS cereus, /J. IW/Ylllyxtl and fl. 
IichellifoTmis were emerged as potcntial biocontrol agcn ts. 
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Areeanut is grown largely in humid tropics. 
Fruit rot disease caused by Plzyfopi7fhora mcadii 
McRae is one of the major diseases prevalent in 
almost all arecanut growing areas incurring 
considerable economic loss. Though the disease 
is mainly controlled by spraying Bordeaux mixture 
(l %), the fungicide is unable to check the internal 
infection of the kemel, as proved by the isolation 
of the fungus from Bordeaux treated nuts (Sastry 
and Hegde, 1985). Since arecanut is a plantation 
crop, the inoculum concentration would increase 
year after year with a possibility of pathogen 
acquiring resistance to the fungicidc (Islam and 
Dubey, 2003). It is felt that biocontrol may prove a 
more sustainable and cfTectivc. The objective of 
this study is to isolate and identify antagonistic 
microorganisms against P meadii of the fruit rot 
disease in the \Vestern Ghat region of Karnataka 

and Keraia, which could be developed as biocontrol 
agents. 

For the isolation of the pathogen, diseased 
arecanut showing initial stages of infection were 
used. The pathogen was isolated by using plain 
carrot agar medium. The pathogen was identified 
as P meadii and pathogenicity was confirmed by 
inoculating the healthy nuts with P meadii. 

Fourteen local isolates belonging to 
Trichoderma viride, and Aspergillus niger and 
seventeen bacterial isolates were isolated from the 
field inoculum (leaves, nuts and inflorescence) 
collected 11'0111 different locations ofKarnataka and 
Kcrala States where li'uit rot was prevalent. For the 
isolation of antagonistic fungi prccoloniscd plate 
method was adopted (Krauss ef al., 1998). 
According to this mcthod, the pathogen P meadii 
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was first allowed to cover the carrot agar medium 
plates completely. Five bits of the field inoclIlu.m 
were inoculated in circular manner over the mycelial 
mat orthe pathogen. All the samples were air-dried 
overnight to avoid bacterial contamination. 
Mycoparasites observed if any, wCl'e isolated a~ld 
maintained, whereas in the case of bacterial 
antagonists. serial dilution method was adopted. 

As u preliminary screening, dual culturc 
method was adapted as described by Skidmore 
(1976). Simultaneolls inoculation of pathogen and 
opposing antagonistic microorganism was d?l1e 
and the plates were incubated at 25 ± I "c for tour 
days. The plates inoculated with the P mcadii alone 
served as control. Growth of the P. meadii was 
measured alter the incubation period in all the 
cases. The per cent inhibition of P. mC(1{lii by 
mycoparasites was calculated by using the 
following formula suggested by Skidmore ( 1976): 

(C-C I) 
X 100 

c 
where I is the percentage of inhibition, C, the 

fungal growth (in mm) from the point of inoculation 
to the colony margins in control and C I. the growth 
(in mm) of the pathogen towan:ls the antagonist. 

Efficacy of the selected antagonistic fungi was 
further evaluated lIsing a bioassay experiment 
described by Krauss (1996) with arecanut discs. 
Five to six months-old arecanuts welT selected and 
discs ( 12 mm) werc cored out. The discs were treated 
with 10 1111 ofa mixture of pathogen ( 10' zoospores) 
and mycoparasite (10' spores). The mixing ofboth 
the microorganisms was done just before the 
inoculation. The discs were then placed in the 
bottom halfofthe Petri plate with the outside layer 
facing upwards. To maintain sutlicient humidity, a 
th inlayer of steri lized moist cotton and fi Iter paper 

T:lblc t. Inhibition of thc growth of P. meadii by difl'crcnt mycoparasitcs 

Mycoparasitt: Growth townrds mycoparasite Inhibilion* ('Xl) 

Asper.<'illw> niger (A 14) 16.3 47.4 (43.5) 

Aspergillus sp. (Al'l) 15.7 49.4 (44.7) 

Fusarium oxysporlllll (FS) IS.O 51.6 (46.0) 

FusariulII oxysporlll1l (F7) 16.6 46.5 (43.0) 

Penicillium sp. (P9) 17.7 42.9 (40.9) 

PenicilliulII sp.( P 10) 19.7 36.5 (37.2) 

Trichoderma vil'ide (TV I ) 11.6 62.6 (52.2) 

Trichoderma I'iride (TV3) 12.6 59.4 (50.4) 

Trichoderma ph'ide (TV 6) 12.0 61.3 (51.6) 

Trichoderma vil'ide (TV II) 14.7 52.7 (46.5) 

Trichoderma sp. (T2) 15.6 49.7 (44.8) 

Trichoderma sp. (T4) 13.6 56.0 (4K5) 

Control 31.0 

CD (P=O.OS) 4.0S 

Figures in parentheses nrc arcsine-transformed values. 
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Table 2. Inhibition of the growth ofP. meadiiby different bacterial isolates 

Bacterial antagonist Growth towards test bacterium 'Yt. Inhibition 

Bacillus sp. (B I) 

Bacillus sp. (B2) 

Bacillus sp. (B3) 

B. po/ymyxa (B4) 

B. cereus (B5) 

Bacillus sp. (B6) 

Bacillus sp. (B 7) 

Bacillus sp. (B8) 

B.licllen{{orlllis (B9) 

Bacillus sp. (B 10) 

Bacillus sp. (B 11) 

Bacilllls sp. (BI2) 

B. laterosporous (B13) 

Bacillus sp. (BI4) 

Bacillus sp. (B 15) 

Bacillus sp. (B 16) 

BacillllS sp. (B 17) 

CD(P=0.05)= 6.7 
Figures in parentheses are arcsine-transformed values. 
Note: Growth of P meadii in Control: 38 mm 

were placed under the lid of each plate. Care was 
taken that the discs did not touch each other and 
also the wal1s of the Petri-plate. The plates were 
bagged in a polythene cover and incubated at 24 ± 
1°C for 10 days. 

Rot severity on disc was recorded by 
measuring the percentage of discoloured surface 
area in the discs. Sterile distil1cd water and Bordeux 
mixture (I '%) served as negative and positive 
controls, respectively. Further, reisolation of the 
pathogen was tried in all the discs to study whether 
the l11ycoparasite masked the growth or completely 
kilIed the pathogen. The percentage data obtained 
from dual culture and bioassay methods were 
subjected to analysis of variance (ANOVA). 

18.8 50.5 (45.3) 

15.8 58.4 (49.8) 

21.7 42.9 (41.0) 

15.5 59.2 (50.3) 

15.2 60.0 (50.8) 

I!U 51.8 (46.0) 

19.8 47.9 (43.8) 

19.8 47.9 (43.8) 

15.8 58.4 (49.8) 

22.7 40.3 (39.4) 

21.0 44.7 (42.0) 

21.5 43.4 (41.2) 

21.3 43.9 (41.5) 

22.7 40.3 (39.4) 

21.0 44.7 (42.0) 

18.7 50.8 (45.5) 

21.2 44.2 (41.7) 

Screening of mycoparasitcs was done with 
the help of dual culture technique. Among the 14 
isolates screened, Trichoderma viride (TV I and 
TV6) showed numerically maximum inhibition 
(52.2(% and 51.6%, respectively), followed by 
Trichoderma viride (TV3) (50.4 1%) and Trichoderma 
sp. (T4) (48.5%) (Table I). However, all the four 
isolates were on par with each other. Rest of the 
mycoparasites showed intermediat~ inhibition 
except Penicillium sp. (P9 and » I 0), \~h.lch recorded 
lowest values (40.9% and 37.2%). Snmvasulu et al. 
(2004) studied the effectivencss of different species 
of Trichoderma (T. viride. T. Iwrzial/llIl1 and T. 
halllatllm) against basal stcm rot pathogen. 
(Galloderma lucidllm and G. applallalHlII) of 
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Table 3. Rot values of areca discs and recovery of P. melldii from arecan ut discs treated with 
mycoparasites 

Treatment Rot values over control ('X» Recovery ofP. IIlcadii * 
No. of discs Recovery ('Yu) 

A.'peJ'Killlls niger (1\ 14) 2.6 ( 9.2) 9 45 

Aspergillus sp. (AS) 100.0 (90.0) 17 85 

Fusarium ()x.1'sPOI'UJJI (1-'5) 3.2(10.3) 6 30 

FusariuJII ()xySpOJ'II111 (1"7) 99.7 (88.1) to 50 

PCJlicilliul1I sp. (1'9) 62.~ (52.4) 20 75 

PCllicilliuJII sp. (P I 0) 100.0 (90.0) 15 100 

Trichoc/erll/a \'irit!c (TV I) 2.1 (8.2) - 0 

7hc/wc/erm(/ \'iric/c (TV3) 4.2 (I 1.8) - 0 

'/He/wi/erma "iride (TV6) 4.1 (11.6) - 0 

JJ-icllOclcJ'J1/{/ viride (TV 11 ) 2.8 (9.6) - 0 

n'ic!wderma sp. (T2) 39.2 (3~Un 7 35 

Ji'iclwdcrJll(/ sp. ('1'4) 3.1 (10.1) - 0 

Bordeaux mixture 4.8 ( 12.7) 9 45 

Sterile dist. Water 100.0 (90.0) 20 100 

CD(p=0.05) = 2.04. *No. or discs kept in each treatment: 20 

Figures in parentheses are arcsine-transformed values. 

coconut and maximum suppression was found with 
T. harzianum over the control. Similar results were 
obtained by Rudresh et al. (2005), when they 
screened Trichoderma sp. against Fusarium 
oXY.\JJOl'um.r sp. cic'eri, Rhizoctonia so/ani and 
Sclerotium ro(f.;ii, the causative agents of chickpea 
wilt. 

The extent of inhibition of P. meadii in 
different bacterial isolates is presented in Table 2. 
The bacterial isolates namely, Bacillus pO/YI11j:n/ 

(B4) and Bacillus cereus (B5) showed numerically 
slightly higher inhibition (50.3%) and 50.8(X), 
respectively), but statistically these are on par with 
the isolates Bacilllls sp. (B I), Bacillus sp. (B2), 
Bacillus sp. (B6), Bacilllts lichelllformis (B9) and 
Bacilllls sp. (B 16). Guetsky et at. (2002) reported 
suppression of Botlylis cinerea on strawberry 
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leaves by bacterial antagonists (Bacillus lIlycoides) 
and by yeast Pichia guilerll/()Ildii. 

In this screening method. Aspergillus sp. (A8) 
(90%) and PenicilliulII sp. (P9) (90%» showed 
maximum rot value and did not differ from control 
(water). The fungus Fusarium oxysporu/II (F7) 
(88.1 %), as well as Penicillium sp. (P I 0) (52.4%) 
showed higher rot values than Bordeaux mixture. 

Three out of 14 isolates namely, Trichoderma 
viride (TVl) (8.2%» and TVII (9.6%) and 
Aspergillus 11/~r.;er (A 14) (9.2[%) were significantly 
superior to Bordeaux mixture (2.7'X». The isolates 
Trichoderma virideTV6, 7/'icl/Oderma sp. (T4). and 
FusariulIl sp, (F5» did not di ftcr signi ficantly frol11 
control (Bordeaux mixture) (Table 3). Based on this 
bioassay Aspergillus lIiger (A 14). FlisariulIl 



Isolation identification and screening or potentinl antagonistic microor"anism f' th b' I' , b or C locontro 0 I J> lII"adii 

Table 4. ~ot values of areca discs and recovery ofP. mead;; from areca discs treated with bacterial 
Isolates 

Treatment (OA,) Rot values over control* Recovery of P. mew/ii ** 

Bacillus sp. (B 1 ) 17.7 (24.9) 

Bacillus sp. (B2) 5.7 (13.8) 

Bacillus sp. (B3) 18.2 (25.1) 

B. polymyxa (B4) 5.3 ( 13.2) 

B. cereus (B5) 3.4 ( 10.5) 

Bacillus sp. (B6) 13.7(21.7) 

Bacillus sp. (B7) 16.6 (23.9) 

Bacillus sp. (B8) 18.5 (25.5) 

B. licheniformis (B9) 3.6 ( I 0.9) 

Bacillus sp. (B I 0) 7.g (16.1 ) 

Bacillus sp. (B 11) 6.2 (14.4) 

Bacillus sp. (BI2) 7.3 (15.6) 

B. laterosporous (B 13) 9.3 (17.7) 

Bacillus sp. (B 14) 18.8 (25.7) 

Bacillus sp. (B 15) 13.2 (21.3) 

Bacillus sp. (B 16) 13.8 (21.8) 

Bacillus sp. (B 17) 18.1 (25.1) 

Bordeaux mixture 4.4 (12.1) 

Sterile distilled wuter 100 (90.0) 

CD=(p=0.05) 3.14 

** No. of discs per treatment = 15 

Figures in parentheses are arcsine-transformed values. 

oxysporum (F5), Trichoderma viride (TV 1, TV3, 
TV6 and TV 11) and Trichoderma sp. (T4), were 
selected as promising mycoparasites. Similar results 
were obtained by Krauss ( 1996) and Krauss et. at. 
(1998) while screening biocontrol agents against 
crown rot of banana. 

Reisolation of the pathogen was tried in all 
the above treatments. It was positive in the case of 
Aspergillus sp. (A8). Penicillium sp. (P9 and PI 0). 

No. of discs 'Y., Recovery 

13 86 

5 33 

12 80 

5 33 

4 26 

10 66 

12 80 

13 86 

3 20 

12 gO 

9 60 

10 66 

13 66 

13 86 

12 80 

12 gO 

13 86 

9 60 

15 \00 

and Trichoderma sp. (T2). The per cent recovery 
of P. meadi; (pathogen) from discs treated with 
different mycoparasites and Bordeaux mixture is 
given in Table 3. Bordeaux treated discs also showed 
positive results in a considerable number of cases. 

A 11 the bacterial antagonists tested 
previously in dual culture method were screened 
by areca disc method. The Table 4 shows the extent 
of rotting over negative control (water). The 
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mUlImUI11 rot area values were recorded in the 
isolates Bacillus sp. (B2) (IJ.R%.), B. fJ{)~vnwxa (B4) 
(13.2%), B. cereus (B5) (10.5'%), B. /ichel1(jimnis 
(B9) (10.5'%) and Bacillus sp. (BII) (14.4%) and 
these were on par with Bordeaux mixture (12.1 '%). 
Though lJaci/ll/s sp. (B2) and B. po(v/1lyxa (B4) 
recorded slightly highef values ( IJ.R'X. and 13.5%, 
respectively) than Bordeaux mixtufe, all of them 
were on par. The Bacillus sp. (B6) showed 
reasonably good inhibition (46.0%) in the previous 
technique i.e. dual culture method, but failed to 
control the rotting effectively in this experiment (rot 
value is 21. 7%). In this experiment Bacilllls sp. 
(B2), IJ. pO~l'I11yxa (B4), 11. /ichenijhrmis{B5) and B. 
cereus (B9) emerged as promising antagonists and 
hence selected I' Of further study as their 
perfofmance in the dual culture was also 
satisfactory. 

Reisolation of the pathogen was done from 
the discs used in bioassay experiment. Unlike 
mycoparasites, discs treated with all the bacterial 
isolates yielded P lIIeadii irrespective or disease 
incidence. Though /Jadl/us sp. (B2), B. P()~vlllyxa 
(B4), B. cereus (B5) and B. li('hcl1~lim1Jis (B9) 
showed lower rot incidence, isolation of P meaclii 
is positive. However, the l'ccovery was low 
compared to Bordeaux mixture. The recovery ofP 
lIleadii is 60 per cent in Bordeaux treated discs, 
whereas it was less in the isolates i.e. Bacillus sp. 
(82) (33.3%), B. po~}'myYa (B4) (33.3%.), B. cercus 
(85) (26.7%) and B. /iclielli/brl1lis (B9) (20%). 
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