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Fig. I. Inhibition of leal rot pathogens hy Cnntaf (Top 

row: Callefolricbum gloeosporioides; Llidclle: 
E.~serohilum rosfrafum; Bottom: Fusarium 
solnni) 

Fig. 2. Inhibition o f  leaf rot pathogen (Cnllefolrichum 
gloeosporioides) by Tilt (Growth of the 
pathogen in control petri dish) 

Superior control of ground nut rust and late 
leaf spot (Sheela and Vimala, 2004), grape vine 
powdery mildew (Ashwathanarayana et al., 
2004) and rice sheath blight (Rajbir Singh and 
Sinha, 2004) with Hexaconazole (Contao have 
been reported by various workers. Baranwal et 
d. (2003) also recorded maximum suppression of 
Stemphylium blight of onion with Hexaconazole. 
Srinivasan and Gunasekaran (1998) reported the 

Fectiveness and broad-spectrum potential of 
:xaconazole (Contat) against leaf rot pathogens 
coconut that aided a sound base for wide- 

spread utility of the fungicide in the management 
of the disease complex in the diseased region 
(Srinivasan and Gunasekaran, 2000b, 2003). 
'-nong contact fungicides tested in the earlier 

~dy, Indofil M-45 performed most effectively 

against the pathogens. While results of the 
current study are in conformity with such earlier 
findings, very high inhibition potential of 
certain other systemic fungicides such as Tilt as 
evaluated in the bioassay would be useful in the 
field management of leaf rot. Concentration of 
Antracol or Tag cop 50 (both contact 
fungicides) had direct relation on the extent of 
inhibition of leaf rot fungal growth. These 
results are supported by various reports as fore 
mentioned. 

Effect of fungicides on antagonists 

Results of the in vitro effect of fungicides 
on antagonistic organisms as recorded on the 5& 
day of incubation are given in Table 3. The 
extent of inhibition of antagonists also depended 
on the fungicides. Complete inhibition of 
bacterial antagonists was not seen in 0.1%-0.3% 
concentrations of Antracol, though at 0.4%- 
0.5% growth of both B. subtilis and P. 
fluorescens were completely suppressed. B. 
subtilis was less affected similarly by lower 
concentrations of Indofil M-45 (0.1%-0.3%) as 
compared to P. fluorescens. Likewise, in lower 
concentrations of Contaf (0.025%-0.10%) 
growth of B. subtilis was less affected as 
compared to P. fluorescens. In Tilt or Bavistin 
amended medium P. fluorescens failed to grow 
even in the lowest concentration (0.025%); B. 
subtilis could tolerate the lowest concentration 
of these fungicides. Compatibility of B. subtilis 
with lower concentrations of Contaf, lndofil M- 
45 etc. are significant. The fungal antagonist, T 
harzianum was completely inhibited even at 
lowest concentration of Tilt and Bavistin (cent 
per cent inhibition, incompatible). In Indofil M- 
45 or Contaf amended medium, slow growth of 
T harzianum was observed in the lowest 
concentration while cent percent inhibition 
occurred at higher concentrations. The fungus 
was not completely inhibited was completely 
inhibited at 0.1%-0.4% concentration of 
Antracol, but at 0.5% concentration. Thus the 
fungal antagonist was found compatible with 
lower concentrations of Antracol (Fig. 3-4). 
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P o r . .  to ti~ngicid:~. ;IS obsr'r\.cd in tlic 
current t i ~ d \ . .  underlinzh the need and scone lilr < ' 

the use of consortium of antagonists in the event 
of chemical treatment along with bio agents in 
the process of disease control. B. subtilis and P. 
fluorescens are independently inhibitory to 
various plant pathogens, as reported by various 
workers (Reddy et al., 2003). B. subtilis being 
less affected (as compared to the more sensitive 
P. fluorescens) by fungicides results of the 
present study are significant. Similarly, higher 

Fig. 3. Growth - viability of bacterial antagonists in sensitivity of I: harzianum to several fungicides 
Contaf amended medium (lower also provides a clue for the need for rational use 
concentration), where leaf rot pathogen of fungicides along with bio agent. The 
(Collefofrichum gloeosporioides) inoculated compatibility of bacterial and fungal antagonists 
inhibited (Top row: Bacillus sublilis; Bottom: to fungicides like Antracol is advantageous for 
Pseudomonasfluorescens) 

their combined application to the integrated 
disease management. This is validated by the 

Fig. 4. Growth - viability of bacterial antagonists in 
Contaf amended medium (lower concentration), 
where leaf rot pathogen (Fusarium solani) 
inoculated inhibited (Top row: Bacillus subfilis; 
Bottom: Pseudomonasfluorescens) 

Little information is available about the 
effect of fungicides on antagonistic organisms. 
Mathew (2003) studied about compatibility of P. 
fluorescens with certain fungicides besides 
insecticides. More compatibility was seen with 
Mancozeb and Carbendazim as compared to 
Hexaconazole, based on visual observation. Laha 
and Venkataraman (2001) reported compatibility 
of Carbendazim with P. fluorescens. Poddar et al. 
(2004) evaluated certain systemic fungicides 
against I: harzianum - significant variation in the 
fungicidal sensitivity among isolates of the 
fungus was found and among them one isolate 
was relatively less sensitive to Carbendazim. 
Variable response of B. subtilis and P. 

combined application of fungicide and 
antagonist that has resulted in very effective 
control of plant diseases. As for example, 
Nallathampi and Thakore (2003) recorded that 
combined application of fluorescent 
Pseudomonas with a fungicide (thiophenate 
methyl, Captan or alcidine) resulted in effective 
suppression of fruit rot of ber (Ziziphus 
mauritiana) caused by Alternaria alternata. 
Similarly integration of I: viride and fungicide 
(Thiram, Vitavax or Captaf) was more effective 
in control of colla; rot (Macrophomina 
phaseolina) of French bean -Phaseolus vulgaris 
(Dubey, 2002). Integration of biocontrol agent 
with fungicides has been found to lead to 
significantly higher disease control than that 
attained by either biocontrol agent or fungicide 
alone in several other crops also (Deepak 
Kumar and Dubey, 2001; Vyas, 1994). 
Integrated use of biocontrol agents with 
fungicides is thus possible in the field-control of 
leaf rot disease. 

Field efficacy of Pseudomonasfluorescens on 
leaf rot 

Results on the effect of application of talc- 
based preparation of P.fluorescens on leaf rot in 
field palms are presented in Table 4. Treatment 
of palms with the bacterial antagonist lead to a 
decline of disease index in newly emerged 
leaves in various rounds of observations as 
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In the combined effect. of antagonist and 
fungicide against the major pathogens of leaf rot, 
three situations were encountered during the 
course of experimentation, depending upon the 
fungicide concentration, antagonist species and 
pathogen species involved in the combination: 

A). Antagonist not inhibited by fungicide: 

1. 5. subtilis was not inhibited by Contaf in 
0.025%- 1.000% concentrations under 
interaction with C. gloeosporioides or E. 
rostratum; but with F. solani similar 
interaction of no inhibition occurred only in 
the concentration range of 0.025%-0. 050%. 

2. P. fluorescens was not inhibited by Contaf in 
0.025% concentration, irrespective of the 
species of pathogen involved under 
interaction. 

(B). Antagonist inhibited by fungicide: 

1. 5. subtilis was inhibited by Contaf at 0.200% 
concentration under interaction with C. 
gloeosporioides or E. rostratum and also at 
0.001%-0. 200% concentrations with F. 
solani. 

2. P. fluorescens was inhibited by Contaf at 
concentrations above the level of 0.025%, 
irrespective of the pathogen under 
interaction. 

(C). Appearance of inhibition zone between 
pathogen and antagonist: 

This situation could be encountered only in 
the case of interaction with F. solani. Even 
though B. subtilis and P. fluorescens were not 
inhibited at certain lower concentrations of 
Contaf under interactions with C. 
gloeosporioides and E. rostratum, a clear zone 
developed between colony of F. solani and 
bacterial growth, affecting bacterial growth. A 
diffusible material originating from F. solani 
seemed to have affected the growth of B. subtilis 
and P. fluorescens only in presence of the 
fungicide. Because such an inhibition zone did 
not develop under individual interaction of 

antagonists with F. solani. The fore-mentioned 
observation bears importance while advocating 
the delivery of fungicide-antagonist treatment 
against the disease of complex nature 
(Fig. 5 - 11). 

I I 
Fig. 5. Growth - viability of Bncillus ruhtili.~ in 

Contaf amended medium (lower 
concentrations), where leaf rot pathogen 
(Collefolrichum gloeosporioides) inoculated 
suppressed (Growth of the pathogen in 
control netri dish) 

Biocontrol efficacy of B. subtilis, P. 
fluorescens, T harzianum etc. individually 
against plant diseases have been reported by 
various other workers (e.g., Jeyalakshmi et al., 
1998; Naik and Sen, 2003; Kavitha et al., 2003; 
Rama S. Singh et al., 2003; Radhajeyalakshmi 
et al., 2003; Renuka et al., 2003; Saju et al., 
2003). However, variable inhibition potential 
among these bioagents on pathogens is 
inevitable (Amruta et al., 2003). Inductions of 
systemic resistance in plants against diseases 
particularly by P. fluorescens and B. subtilis 
have been well documented (Shylaja et al., 
2003; Sible et al., 2003). Nevertheless, mixtures 
of plant growth promoting rhizobacteria have 
been shown to enhance biological control of 
multiple pathogens (Raupach and Kloepper, 
1998). Ramandeep Kaur et al. (2003) 
reported a synergistic effect in biocontrol of 
Fusarial wilts of chick pea by combined 
treatment of non-pathogenic Fusarium and 
fluorescent Pseudomonas. Saju et al. (2003) 
found the usefulness of combining P. 
fluorescens with T. harzianum for the 
suppression of Phytophthora capsici and also 
for the promotion of growth of black pepper. 



Cord 2006,22 (1) 

Fig. 6. Growth - viability of Bacillus sublilis in 
Contaf amended medium (lower 
concentrations), where leaf rot pathogen 
(Exserohilum roslrafum) inoculated 
suppressed (Growth of the pathogen in 
control petri dish) 

Fig. 7. Growth -viability of Bacillus subfilis in Contaf 
amended medium (lower concentrations), 
where leaf rot pathogen (Fusarium sobni) 
inoculated suppressed (Growth of the pathogen 
in control petri dish) - Note inhibition zone in 
bacterial lawn around the pathogen -See lerf 
for more defails 

Fig. 8. lnhibition of Fusarium sobni by Bncillus 
subtilis in medium, where no fungicide 
amended (No inhibition zone in 
bacterial lawn around the pathogen 
appeared) 

Fig. 10. Inhibition of leaf rot pathogen, 
Collefolrichum gloeosporioides by 
Pseudomonas fluorexens (Right: 
Control) 

Fig. 9. lnhibition of leaf rot pathogen, 
Colletotrichnm gloeosporioides by 
Bacillus subtilis (Right: Control) 

Fig. 11. Reverse effect of leaf rot pathogen, 
Fusorium soloai on Trichoderma 
harzianum (See inhibition of the 
antagonist; Right: Pathogen - control) 
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Thankamani er a/. (2003) suggested the use 
of specilic strain of P fluorescens alone or in 
combination with other biocontrol agents like T. 
hanianum and Glomus fasciculatum for the eco- 
friendly management of black pepper diseases 
and also for producing vigorous rooted cuttings 
of the crop. Hazarika and Phookan (2003) also 
found synergistic effect by the combined 
application of P. fluorescens, Glomw 
fasciculatum and T harzianum in the suppression 
of charcoal stump rot of tea as compared to their 
individual applications. Results of the present 
study also have shown evidence of synergism by 
a combination of B. subtilis and P. flborescens in  Fig. 12. Variable extent of inhibition of leaf rot 

the suppression of leaf rot pathogens. This paves pathogens by isolates of coconut phylloplane 
bacteria (Top row: Colletotrichum 

a ground for evolving formulation of a gloeosporioides; Middle: Errerohilum 
consortium of compatible antagonists, with broad rostroium; Bottom: Fusarium solani-Left 
spectrum activity coupled with enhanced petri dish in each row control; Bottom: 
efficiency in managing leaf rot. Efficacy of Fusnrium solani - Left petri dish in each row 

Rhizobacteria based bio formulation (bacterial control). 

consortium) for diseases management has been 
demonstrated (Bharathi, 2001). Field experiments 
have been laid out to assess the efficacy of 
consortium of bio agents in managing leaf rot. 
This would help promoting a delivery system, 
which combines efficiency and ease of 
application. 

Assessment of bioagents from coconut 
phylloplane on pathogens 

Bacteria and fungi, isolated from coconut 
phylloplane were tested for their effect on leaf rot 
fungi. From them Bacillus sp., Aspergillus sp. 
and Penicillium sp. were found to be antagonistic 
to leaf rot pathogens. As Aspergillus sp. seemed 
to exhibit higher extent of inhibition to leaf rot 
pathogens over Penicillium sp., the former only 
was selected for further studies on biocontrol. 
Results are presented in Table 8. From this it 
could be seen that isolate 13 inhibited C. 
gloeosporioides and E. rostratum maximum (67- 
68%) while isolate 6 was effective against F. 
solani ((89%). Similarly among the fungal 
antagonists, isolate 12 inhibited C. 
gloeosporioides and E. rostratum maximum ((6 1 - 
64%) while isolate 8 was most efficient (89%) 
against F. solani (Fig. 12). 

Phylloplane microorganisms have been 
implicated elsewhere in the biocontrol of plant 
pathogens. For example, Samuel (2003) found 
variability in antagonism among phylloplane 
bacteria (Bacillus sp.) from green gram against 
bacterial leaf spot pathogen of green gram and 
developed an efficient bio formulation out of 
best isolate of antagonists. Susan Thomas et al. 
(2003) observed effective inhibition of Pythium 
aphanidermatum by Aspergillw spp. in dual 
culture and damping off tomato caused by that 
pathogen. Seasonal variation in the mycoflora of 
phylloplanelphyllosphere is possible (Jayashree 
Deshpande and Wanmare, 2003) and also 
dynamics of phylloplane microflora could be 
influenced by various other parameters such as 
leaf agelplant age etc. (Bank et al., 2003). 
Presence of bio control potential among 
phylloplane microbial agents of coconut lea 
has been indicated in the present study. Furl 
efficient isolates singly and in combination v 
other bio control agents should be tired so a, ., 
enrich the microbial consortium for combating 
leaf rot. 


