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Abstract

Studies were conducted to test the efficacy of liquid formulation of Pseudomonas fluorescens against
fusarial wilt of carnation under in vitro and in vivo conditions. Thirty four isolates of P. fluorescens were
screened against the mycelial growth of F. oxysporum f. sp. dianthi. Among the isolate tested, the isolate
of Pf12 significantly inhibited the pathogen mycelial growth (2.70 cm) which accounted 70.0 percent
reduction over control with 6.30 mm inhibition zone followed by Pf7 recorded 64.78 percent reduction of
mycelial growth with 5.83mm of inhibition zone. The effective strain of Pf12 in different age old culture
were tested their effect on the mycelial growth of the pathogen. The result showed that the cultures from
7 to 15 days recorded the least mycelial growth of 2.51 to 2.56 cm followed by the cultures from second
and 30 days with the mycelial growth of 2.64 and 2.88 cm which was on par with each other. The poly
house experiment revealed that among the treatments, Application of liquid formulation of Pf12 by soil
drenching + seedling dip combined with basal application of Th2 recorded lowest mean percent disease
index of 5.44 which was on par with chemical check which was recorded 5.34%. and also significantly
increased the growth characters of plants which showed higher stalk length (66.35 cm), stalk girth (3.94
cm), number of branches (4.24/plant), number flowers per plant (3.56/plant) and flower diameter (4.57
cm).
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Introduction

Carnation (Dianthus caryophyllus L.) is one among the most popular commercial cut flowers
of the world, ranking second in commercial importance next only to rose. Carnation is
preferred to roses and chrysanthemums by several exporting countries, on account of its
excellent keeping quality, wide range of forms and colours and ability to withstand long
distance transportation. Cut carnations, roses and chrysanthemums contribute close to 50
percent of the world cut flower trade (Jawaharlal et al., 2009) 1. In India, carnation is grown
in Nasik, Pune, Kodaikanal, Nilgiris, Kalimpong, Darjeeling, Bangalore, Solan, Palampur,
Shimla, Srinagar, Nainital and Chaubattia. The most suitable climate for commercial carnation
flower production in India prevails in the Nilgiris and Kodaikanal of Tamil Nadu and parts of
Himachal Pradesh (Bhatt, 1993) 1. This is being grown in all these cities in highly controlled
conditions in polyhouses / greenhouses. In Tamil Nadu, Ooty had occupied first place, within
area of 2,86,700 sq.mt and production of 363.12 lakh cut flowers per annum. There are several
diseases reported in carnation including rust caused by Uromyces dianthi, leaf blight by
Alternaria dianthi, grey mold by Botrytis cinerea, fusarium wilt caused by Fusarium
oxysporum f. sp. dianthi, leaf spot by Cercospora and Cladosporium, and root and stem rots
caused by Rhizoctonia solani or F. roseum. Among them, fusarium wilt is an important soil
borne disease occurring prevalently in carnation fields (Kyounge et al., 2001) 1. An important
area of biological control is the development of formulations that would cause for viable
microbial activity for long period of time. Many of the studies are reported for the use of
powder or talc based carrier of PGPR, having the shelf life of three months. However only few
reports are available on the development of liquid formulation. Liquid formulation has the
advantages of high cell count, zero contamination, longer shelf life, greater protection against
environmental stresses, increased field efficacy and convenience of handling (Vendan and
Thangaraju, 2006) 2,
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Materials and Methods

Screening of different age old stock cultures of P.
fluorescens against F. oxysoporum f. sp. Dianthi in vitro

A nine mm mycelial disc of carnation wilt pathogen F.
oxysoporum f. sp. dianthi were placed in the centre of the
Petri plate. Sterile whatman No.40 filter paper discs with six
mm dia were placed 1 cm away from the edge at four sides
centering on the fungal disc. Twenty five micro liters of broth
cultures of different age old P. fluorescens (Pfl2) were
dropped over the filter paper discs. Observations were taken
after five days for the presence of inhibition zone over the
pathogen and nearer to the bacterial spot. Control was
maintained with the sterile distilled water instead of bacterial
inoculum.

Results and Discussion

In vitro screening of different isolates of P. fluorescens
against F. oxysporum f. sp. dianthi

The efficacy of isolates of P. fluorescens against F.
oxysporum f. sp. dianthi was evaluated and the results are
furnished in Table. 1. The result revealed that all the isolates
of P. fluorescens showed inhibitory against the growth of the
fungus. Among the isolate tested, the isolate of Pf12
significantly inhibited the pathogen mycelial growth (2.70
cm) which accounted 70.0 percent reduction over control with
6.30 mm inhibition zone followed by Pf7 recorded 64.78
percent reduction of mycelial growth with 5.83mm of
inhibition zone. The minimum per

cent reduction of 6.44 was recorded in Pf31 with 0.58 mm of
inhibition zone. Thangavelu et al. (2004) 4 screened Pf10
from 11 isolates of P. fluorescens and this was the most
effective in inhibiting the mycelial growth of F. oxysporum f.
sp. cubense. Saravanan et al. (2004) ¥ reported that the
strains of P. fluorescens isolated from the banana rhizosphere
had significant inhibitory action against F. oxysporum f. sp.
cubense. Kaur et al. (2007) [l observed that the antagonist
activity of P. fluorescens against growth of F. oxysporum f.
sp. ciceri in chickpea under in vitro condition. The present
study revealed that the liquid culture of Pf12 in different age
has the ability to inhibit the mycelial growth of the pathogen.
The result indicated that the cultures from 7 to 15 days
recorded the least mycelial growth of 2.51 to 2.56 cm but the
ability was slightly decreased towards 180 days (5.12 cm)
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(Table 2). This might be due to slight decrease in the cell
population of Pf12 lead to slight decrease in the production of
secondary metabolites. The similar results were reported by
Manikandan (2008) [®1 who explained that the liquid product
of Pfl reduced the mycelial growth of wilt pathogen.F.
oxysporum f. sp. lycopercici in tomato plants. The role of
secondary metabolites of fluorescent pseudomonads in the
induction of resistance was reported by several workers (Haas
et al., 2000) Bl Secretion of Iytic enzymes viz., B-1,3
glucanase and chitinase by fluorescent pseudomonads play an
important role in the biological control of pathogens
(Viswanathan and Samiyappan, 2001; Harish, 2005) [*3 4],

Effect of liquid formulation of bio inoculants on wilt
incidence and growth parameters of carnation plants
under poly house conditions

An experiment was conducted to assess the efficacy of liquid
formulation of antagonists and organic amendments against
wilt disease in carnation and the results were depicted in
Table 2. The result showed that all the treatments remarkably
reduced the intensity of wilt. Among the treatments, basal
application of Th2 combined with soil drenching + seeding
dip of Pf12 liquid formulation recorded lowest mean percent
disease index of 5.44%, this was on par with chemical check
of carbendazim (0.1%) which recorded of 5.34 % disease
incidence followed by talc based formulation of above
treatments with mean disease index of 6.67 percent disease
incidence. In addition, the growth parameters of the carnation
plants were also improved by the application of liquid
formulation of Pfl2 by soil drenching + seedling dip
combined with basal application of Th2 significantly
increased the growth characters of plants which showed
higher stalk length (66.35 cm), stalk girth (3.94 cm), number
of branches (4.24/plant), number flowers per plant
(3.56/plant) and flower diameter (4.57cm) Our results
supported by the earlier observations that a combination of
biocontrol agents with different mechanisms of disease
control will have an additive effect and results in enhanced
disease control compared to their individual application
(Guetsky et al., 2002) 12, Manikandan (2008) ! also indicated
that the liquid formulations of Pfl of P. fluroscens strains
effectively reduced the leaf blight and wilt incidence in
tomato and also induce growth parameters.

Table 1: Efficacy of different isolates of P. fluorescens against growth of F. oxysporum f. sp. dianthi in vitro

S. No Isolates Mycelial growth (cm)* | Percent reduction over control | Inhibition zone (mm)
1 Pfl 7.57 15.88 1.43
2 Pf2 5.12 43.11 3.88
3 Pf3 4.82 46.44 4.18
4 Pf4 5.55 38.33 3.45
5 Pf5 7.71 14.33 1.29
6 Pf6 8.23 8.56 0.77
7 Pf7 3.17 64.78 5.83
8 Pf8 7.32 18.66 1.68
9 Pf9 5.75 36.12 3.25
10 Pf10 4.17 53.66 4.83
11 Pf11 6.81 24.33 2.19
12 Pf12 2.70 70.00 6.30
13 Pf13 4.67 48.11 4.33
14 Pf14 341 62.11 5.59
15 Pf15 5.84 35.11 3.16
16 Pf16 6.58 26.89 2.42
17 Pf17 4.52 49.77 4.48
18 Pf18 6.46 28.22 2.54
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19 Pf19 8.01 11.00 0.99
20 Pf20 5.87 34.77 3.13
21 Pf21 8.34 7.33 0.66
22 Pf22 7.32 18.67 1.68
23 Pf23 6.15 31.65 2.85
24 Pf24 4,91 45.44 4.09
25 Pf25 3.62 59.77 5.38
26 Pf26 7.62 15.33 1.38
27 Pf27 7.60 15.55 1.40
28 Pf28 5.39 40.11 3.61
29 Pf29 4,55 49.44 4.45
30 Pf30 8.18 9.11 0.82
31 Pf31 8.42 6.44 0.58
32 Pf32 6.33 29.66 2.67
33 Pf33 4.45 50.55 4,55
34 Pf34 5.02 44.22 3.98
35 Pf35 7.26 19.33 1.74
36 Pf36 7.90 12.22 1.10
37 Pf37 4,74 47.33 4.26
38 Control 9.0 0.0 0.0

CD (P=0.05) 0.20 2.13 0.11

* Mean of three replications

Table 2: Effect of bio inoculants on disease incidence and growth parameters of carnation plants under field condition

Mean *No of
. M Stalk length Stalk *No of Flower
Treatments Disease incidence (cm)* girth(cm)* branches/ flowers/plant diameter(cm)*
(%) plant
9.76
T1-BA of (Th2) (18.20) 88.45 4.00 4,01 331 4.48
- 8.28
T2 -SD of Pf12 (liquid) (16.72) 92.14 411 4.45 3.74 4.56
9.50
Ts- SD of Pf12 (talc) (17.95) 88.68 4.08 4.31 3.40 451
Ta4- Seedling dip of Pf12 12.47
(liquid) (20.67) 85.25 3.88 3.85 311 4.32
Ts- Seedling dip of 14.45
Pf12(talc) (22.34) 84.12 3.80 3.57 2.87 4.27
16.04
Ts- BA of neem cake (23.61) 80.16 3.63 3.42 2.64 3.88
. 18.96
T7- BA of vermicompost (25.81) 81.14 351 3.31 2.52 3.73
- 19.46
Ts- BA of coirpith (26.17) 78.75 3.38 3.01 2.38 3.57
544
To-T1+T2+Ta (13.48) 98.67 4.89 6.54 5.83 5.13
6.67
Ti0- T1+T3+Ts (14.96) 95.28 451 5.61 5.32 5.08
Ti1- SD of carbendazim 5.34
(0.1%) (13.36) 95.16 4.20 5.57 5.12 5.01
T12- Control 44.46 47.81 2.32 2.34 2.01 1.60
12 (41.82) : ' ' ' '
CD=(0.05) 0.22 2.83 0.13 0.12 0.10 0.19
*Mean of three replications BA - Basal Application; SD - Soil Drenching
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