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(III) 

THREE NEW SPECIES OF RUSSULA : 
ADDITION TO THE MACRO FUNGI OF SIKKIM HIMALAYA 

The Sikkim Himalayas are spread 
over an area of 7,096 km2

• The general 
physiography of the region is hilly and the 

. sloping terrain is the major feature over 
which most habitations, agricultural 
activity and forest cover may be found. 
The vertical range is from .1,000 m amsl 
(foothills), through 4,000 m amsl (timber 
line) upto 8,500 m amsl (the Kanchanjunga 
peak) (Rai and Sharma, 1994). The 

. Himalayan ecosystem is known for its 
richness in biodiversity (Chakraborty, 
1997). After Berkeley (1956) very few work 
have been undertaken regarding the 
biodiversity of macrofungi of this area 
(Sarbhoy et al., 1975; Bilgrami et al., 1979, 
1991). Three new species of Russula have 
been reported for the first time from this 
area. 

The study materials were collected·. 
during field trips in the year 2000 and 
2002. The morphological and ecological 

features were noted and colour photographs 
were taken. The chemical colour reaction 
were noted on the fresh collection. After 
the specimens were brought to the 
laboratory, their microscopic properties 
were determined by using an Olympus 
research microscope. All the microscopic 
structure were drawn with the help of 
camera Iucida: Then, they are identified 
according to Ramsbottom (1965), Bessey 
(1978) and Singer (1986). The voucher 
specimen has been deposited in Mycological 
Herbarium of Darjeeling Government 
College. 

Russula ochrolezwa Pers. ex. Fr. : 
Pileus 10 em, yellow but variously tinged 
pale lemon yellow colour with orange or 
brownish at center, convex·umbilicatethen 
flat; slightly depressed, margin thick, 
curved, sometimes lobed (Fig. 1). Pileus 
context thick, soft, odour indistinct. 
Lamellae upto 2 ern broad, thin, adnate, 

Fig. I 

Russula ochroleuca 
(a) Basidiocarp, (b) Basidiocarp with longitudinal section, (c) Basidia, (d) Basidiospores. 
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lamellae of only one length. Stipe 3-7x1.5-
2.5 em, long, cylindrical, central, fistular, 
white, surface smooth, moist. Annular veil 
and valva absent. Spore print white. Spore 
white, ovoid, apiculate 7 -9x6.3-9 )l, 

amyloid. Basidia 20-30x6-8 )l, clavate, thin 
walled bearing 4 sterigmata along with 
four basidioles. Subhymenium distinct, 
psedoparenchymatous, nearly fifty per 
cent cells are sphaerocysts. Hymeno
phoral trama regular. Cystidia absent. 
Pileus cuticle and context made up of 
septate, brailched, interwoven hyphae, 
clamp connection absent. Collected 
from the humus forest floor of Darjeeling. 
The voucher specimen no. DGC/MP/MF-
085. 

Russula sororia (Fr.) Romell. : Pileus 
5.4 em, dark brown or cigar brown at 
center, yellowish brown at edge, sometimes 
wlth olive-markings, subglobose to convex, 
depressed (Fig. 2). Pileus context thin, soft, 
fruity smell. Lamellae 2. 7 em long, finely 
adnexed, lamellae of one length. Stipe 
fistular, central, 5xl.5 em, cylindrical, 
white, surface smooth. Annular veil and 

valva absent. Spore print creamy white. 
Spores 6.5-8.5x5.7 )l, amyloid (positive test 
with Melger regent), pale cream-colored, 
ovoid with conical obtuse or truncated 
warts. Basidia with four sterigmata with 
four basidioles. Subhymenium distinct 
with fifty percent of cells spherocysts. 
Hymenophoral trama is intermixed with 
cystidia. Collected from the forest floor of 
broadleaf trees in Lebong area, Darj eeling 
in mid-June. The voucher specimen no. is 
DGC/MP/MF-098. 

Russula xerampelina Fr.: Pileus 10 em, 
purple to crimson pale lilac red with central 
blackish often brownish wine colored, 
convex then flat, slightly viscous when 
damp but shiny in nature, velvety, margin 
thin (Fig. 3). Pileus context thin soft; 
lamellae upto 2 em broad, thin, adnate, 
lamellae of one length only. Stipe 
cylindrical, central, smooth, fistular 7x2.2 
em whitish tinged with glowing red-pink. 
Annular veil and valva absent. Spore print 
white, spore ovoid with obtuse on conical 
warts, 8-9x5-8 J.l, amyloid. Basidia thin 
walled with four sterigmata along four 

Fig. 2 

(1) (;) 

Russula sororia 
(a) Basidiocarp, (b) Basidiocarp with longitu.dinal section, (c) Cystidia, (d) Basidia, (e) Basidiospores 
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Fig. 3 

Russula xerampelina 
(a) Basidiocarp, (b) Basidiocarp with longitudinal section, (c) Trammel cells, 

(d) Basidia, (e) Basidiospores. 

basidioles. Subhymenium distinct with 
nearly fifty per cent of sphaerocysts 
cell. Hymenophoral trama regular, cystidia 
absent, grayish green reaction with ferrous 
sulphate. Pileus cuticale and context made 

up of thin walled cells. Spore amyloid 
(positive test with Melger regent). 
Collected from the Lebong forest area on 
June. The voucher specimens no. DGC/ 
MP/MF. 080. 
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In the present study. nitric oxide synthase/nitric oxide 
(NOS/NO) status was tested in the host plants infected with fungi, 
bacteria and virus. In each case cytosolic nitric oxide synthase 
(Cyt-NOS) of diseased plants was inhibited and inhibition was 
competitive in nature in respect to !-arginine, the substrate for the 
enzymic activity. Elevation of host nitric 9xide (NO) level before 
infection using nitric oxide (NO) donor protected disease initia
tion significantly. The nature of enzyme kinetics and the manner 
of disease protection by nitric oxide donor (NO-donor) was simi
lar in all the three cases of infectiQn. It was concluded that nitric 
oxide was a common anti pathogenic factor of plants. 

Keywords: Nitric oxide/nitric oxide sYnthase, Plant defense 

Disease resistance in plants is usually associated with 
different kinds of passive and active responses. Cur
rent concept of active defense mechanism includes 
programmed cell death (PCD)1

, hypersensitive reac
tion (HRJ2:3 production of different diffusible signal
ing molecules like salicylic acid (SA), jasmonic acid 
(JA), ethylene etc4 and ultimately the establishment of 
systemic acquired resistance (SAR)3·5. Recently a new 
concept ie, the concept of nitric oxide (NO) has been 
introduced in .this field''·7. It is a potent signaling 
molecu!e8. NO is well studied in animal system and 
was first identified as endothelial derived relaxing 
factor (EDRF)9

• It is a versatile and powerful effector 
of animal redox regulated signaling system and im
mune responses 10 and it also functions as a second 
messenger of insulin 11

• Nitric oxide synthase (NOS) is 
the key enzyme for the production of NO from L
ai-ginine in a system 10

•
11

• In contrast to extensive 
studies throughout the last two decades or more on 
role of NO jn the mammalian immunity, recently its 

*Correspondent author: Department of Botany, 
University of Calcutta, Ballygange Circular Road, 

Cnlculln 700 019, India. 
E-mail- krishnendua@rediffmail.com 

involvement in the plant defense system has been ad
dressect6·7. Some basic analogies at the molecular level 
regarding the signal transduction of NO in animals to 
that or plants focus interest to study the involvement 
of this molecule in plant defense mechanism12 It has 
been reported that NO is produced by plants6

•
7. It me

diates leaf expansion 13, root growth 14 , phytoalexin 
production 15 and defense responses against patho
gens12. In our earlier papers, we have reported the 
status of NOS in different healthy and diseased 
plants16, impact of disease initiation on host NOS 17 

and involvement of NOS in host pathogen interac
tion 18. In this report we have demonstrated NO as 
universal effector molecule of plant defense re
sponses. By inhibiting the host NOS activity and 
thereby restraining NO production, a pathogen makes 
its way more effective to establish a disease. Further
more, this finding has been supported by opposite 
experiments where elevated level of host NO provide 
significant disease protection after challenging with 
efficient pathogen (s). 

Chemicals - N° methyl-1-arginine acetate ester 
(NAME) was purchased from Sigma Chemical Com
pany, St. Louis, MO, USA. All other chemicals used 
were of analytical grade. 

Collection of healthy and diseased platlls- Three dif
ferent host plants of Brassica campestris L. var. sarson 
Prain, Citrus auratllifolia Swingle and Ammomum 
subulal!lm Rexburg were collected from field in their 
healthy as well as pathologically disordered condition 
caused by Altemaria brassicae (Bark.) Sacc., Xantho
monas citri Hasse. and chirke (mosaic streak) virus, a 
fungal, bacterial and viral pathogen, respectively. 

Assay of NOS activity of illlact tissue and ltomogen
ates- The reaction mixture containing intact leaf tissue 
(100 mg) or tissue homogenate (200- 300 J.t.g of pro
tein) or cytosolic fraction (150 - 200 J.t.g of protein) or 
soluble particulate fraction (250- 400 J.t.g of protein) of 
both healthy and diseased sample was incubated with 10 
)lM of !-arginine, 64 mM of haemoglobin, in a total vol
ume of 2.5 ml Tris - HCI buffer (pH 7.4) for different 
periods at 25° ± I °C. At different time periods, portions 
of reaction mixture was centrifuged at I 0,000 x g for 5 
min and NO content of the supernatant was determined 
and compared with an appropriate control set. 
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Determinatio11 of NO - Nitric oxide was deter
mined according to Jia et al. 19 using scanning Beck
man spectrophotometer (Model DU6). Typically, NO 
content was determined by adding 64 mM of oxyhe
moglobin to the isolated supernatant and the \'orma
tion of NO was quantified by determining the conver
sion of oxyhemoglobin to methemoglobin 19

• 

Preparation of tissue homoge11ate - Leaf tissue 
(I 00 mg) of diseased and healthy plants was taken 
separately in a morter with I ml of chilled 50 mM 
ofTris-HCI buffer (pH 7.4) and homogenized by pes
tle. The homogenate was centrifuged at I 0,000 x g for 
30 min at 4°C and then the supernatant was further 
centrifuged at 20,000 x g for 30 min at 4°C for the 
separation of cytosolic and particulate fractions. Both 
the cytosolic and particulate fractions were collected 
separately and stored at 0°C. Before further use, par
ticulate fraction was resuspended in equal volume of 
the same buffer. All the experiments were done at 
4°C. Protein was estimated using Folin-ciocalteu rea
gent, according to the method of Lowry et a/20

• 

Determination of enzyme kinetics - Km and V m" 
values of the cytosolic NOS were determined by 
Lineweaver-Burk Plot. 

Statistical analyses - Results presented as mean ± 
SO (Standard deviation) of at least six individual ex
periments. Data were analyzed by Student's 1 test and 
values of P< 0.0 I were considered significant. 

In each cases of pathological conditions irrespec
tive of fungi, bacteria and virus attack, the host NOS 
activity of the intact tissue declined, as determined by 
NO production from 0.594 ± 0~027 to 0.333 ± 0.0 12; 
0.462 ± 0.024 to 0.379 ± 0.035 and 0.8 10 ± 0.051 to 
0.525 ± 0.033 nmole/100 g of tissue/hr, respectively 

when compared with healthy subjects. To determine 
whether the broken cell preparation could possess 
NOS activity, tissue homogenate and broken cells was 
prepared from diseased plants as described earlier and 
observed Cn'l.)'ffiC inhibition \IS round in the inlacl or 
whole tissue of disease plants. Addition or I 0 p.M or 
NAME to the reaction mixture in all cases completely 
inhibited NO production. Furthermore, both the par
ticulate and soluble cytosolic fractions of healthy tis
sue homogenate prepared by ultracentrifugation con
tained detectable amount of NOS activity. But in case 
of diseased host only the cytosolic NOS activity was 
inhibited. The basal NOS activity of the cytosolic 
fractions of healthy plants were 1.107 ± 0.063; 1.95 ± 
0.02; 2.08 ± 0.033 nmole NO produced/mg protein/hr 
(n=3), respectively, decreased to 0.888 ± 0.022; 1.70 
± 0.04 and 1.69 ± 0.049 nmole NO produced/mg pro
tein/hr, respectively in case of diseased plants. In 
contrast, NOS activity of the particulate fraction of 
the host tissue was 0.490 ± 0.0 16; 0.908 ± 0.029 and 
0.751 ± 0.087 nmole NO produced/mg protein/hr re
spectively at their healthy condition was likely to be 
changed to 0.475 ± 0.027; 0.900 ± 0.046 and 0.760 ± 
0.021 nmole NO produced/mg protein/hr. respectively 
at their diseased condition. 

Lineweaver-Bark plot of the cytosolic NOS activity 
of the diseased and healthy plants demonstrated that 
inhibition of NOS activity during diseased phase was 
related to the increase of Km of !-arginine from 0.480, 
0.344, 0.442 p.M (n=6) to 1.0, 0.485, 0.757 p.M, re
spectively when compared to diseased phase with si
multaneous decrease of V,.., from 1.05, 1.98 and 2.17 
nmole NO produced/mg protein/hr to 0.869, 1.84 and 
1.96 nmole NO produced/mg protein/hr (Table I). 
Addition of I 0 p.M N° nitro-1-arginine-methyl ester 

Table 1 -Effect of diseased condition of the plants on NOS activity of cytosolic fraction. Cytosolic fraction of healthy and diseased 
plant tissue homogenate (n:::: 6) was incubated with different concentration of !-arginine for I hr. The NOS activity of the cytosolic 

fractions were amtlyzcd by Lincweavcr-Burk plot as described in mutcrials and methods 
Cytosolic Krn Ymal 

Host name 
Brassica campestris 

Citrus auranrifolia 

Ammomum sttbulatum 

fraction of 
A 

B 

A 

B 

A 

D 
A- Healthy plant; and B- Diseased plant. 
*Significant at P<O.OI 

(p.M) 

0.480 ± 0.037 
!.00 ± 0.06* 

0.344 ± 0.042 
0.485 ± 0.036* 

0.442 ± 0.047 
0.656 ± 0.0~3· 

(nmole NO produced/mg protein/hr) 
1.05 ± o,o5 

0.869 ± 0.056* 

1.98 ± O.Ot7 
1.84 ± 0.016* 

2.t7±0.039 
2.04 ± 0.0 18* 
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(NAME) to reaction mixture containing various con
centrations of !-arginine (added for the demonstration 
of Km and V .,.,) completely inhibited NO production. 
Durner et a/ 12 have reported that NO induces PR-1 
gene expression through salicylic acid. Our study 
complements their findings by demonstrating the pre
sent work that pathogen might somehow be blocking 
the NOS activity ·mediating a competitive inhibition 
and thus, inhibiting the defense gene expression to 
make the plant more vulnerable for susceptibility. In
terestingly, the NOS activity was found to be present 
in both particulate and cytosolic fraction, but results 
suggested that only cytosolic NOS participates in this 
mechanism. Further work on pathogen blocking the 
NOS activity is going on. 

Since NOS activity was inhibited in a similar manner 
in each cases of infection, we tested the possibility of 
elevated level of NO to protect plants from disease ini
tiation. Sodium nitroprusside (SNP) is well known for 
its NO generating character. Other workers2 have also 
demonstrated the production of NO (-2 p.M) from SNP 
(0.5 mM). To determine whether SNP could be substan
tiated for NO production of plants against infection, we 
experimented the effect of SNP on the progression of 
pathogenic activity. Administration of SNP (0.1 mg!ml) 
by foliar spray before 24 hr of infection protected fungal 
diseases up to 72% and bacterial diseases up to 65% as 
resulted from cell count of micro-HR detected by Evans 
Blue staining21

• Since SNP did not generate NO sponta
neously in aqueous medium22

, its effect was quite less. 
However, there are many other NO donors available 
which are known to generate NO spontaneously in 
aqueous medium21 and it is possible that some of these 
NO donors may be useful for protection of the disease. 
Mechanism of this NO protection might be related to 
self amplifying character of NO as described by Kles
sig4. Therefore, NO donor can possibly be used as an 
anti pathogenic agent and feasibility of using NO donors 
as a routine adjunct in the crop field can be considered. 
Thus, a new concept of internal scenario of diseased 
plants has been exposed in this paper denoting: (i) insuf
ficient production of NO through suppression of cytoso
lic NOS activity: (ii) exhibition of a competitive inhibi
tion of a cytosolic NOS; and (iii) partial protection from 
disease by elevating host NO level using NO donor 
which furnish strength to conclude that NO may play a 
direct protective role as a general antipathogenic mole
cule to resist disease occurrence in plants. Further work 
is in progress to evaluate the potentiality of other NO 
donors on disease protection in the field. 
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In vitro inhibition of Fusarium oxysporum by 
fluorescent Pseudomonas BRL-1 
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Fluorescent Pseudomonas BRL-1, a rhizosphere isolate, showed in vitro antagonistic activity against 
Fusarium oxysporum. Microscopic examination after antagonism showed hypha! shriveling, swelling, 
vaculation, short branching and granulation of cytoplasm resulting in lysis of hyphae of F. oxysporum. 
Correlation of antifungal activity of this isolate has been found to be linked with the production of 
siderophore, proteases. chitinases and IAA. · 

Key words: Fluorescent Pseudomonas, Fusarium oxysporum. 

Introduction 

Fusarium oxysporum Schlecht. is an economically 
important soilborn plant pathogen which mediate 
many diseases like pod rot, wilt, root rot of Archis 
hypogaea (Mustafee, 1971 ), fruit rot of Citrul/us 
vulgaris (Mathur and Mathur, 1958), wilt of 
Do/ichos bijlorus (Chakravarti and Kumar, 1972), 
wilt of Helianthus annuus (Ghodajkal eta/., 1976), 
wilt of Musa paradisica (Malik and Mehta, 1963), 
wilt of Piper bitle (Dastur, 1935), dry rot of rhizome 
of Zingiber officina/i (Gupta and Sohi, 1967) etc. 
causes persistent and significant losses in crop yields. 
In recent years, fluorescent Pseudomonads have 
drawn attention world wide because of produclion 
of secondary metabolites such as siderophore 
(Neilands, eta/., 1991 ), antibiotics (Keel eta/., 1992; 
O'Sullivan 1981) volatile compound, HCN (Wei et 
al., 1991) enzyme and phytohormones (Keel et a/., 
1992; O'Sullivan eta/., 1991 ). These have been im

plicated in reduction of plant pathogenic fungi and 
harmful rhizobacteria with simultaneously induced 
plant growth. Biological control of plant diseases 

•Corresponding Author 

with bacterial antagonists is a potential alternative 
to chemical control, because chemical control is ex
pensive and hazardous to soil ecosystem. 

Here attempt has been made to evaluate in vitro an
tagonistic activity of an isolate of florescent 
Pseudomonas BRL-1 against this lethal phytopatho
genic fungi Fusarium oxysporum. 

Materials and Methods 

Isolatiou of jTuoresceut pseudomouads 

A strain of fluorescent Pseudomonas BRL-1 was 
isolated from the rhizosphcrc of potato and was char
acterized according to Bergy's Manual of Determi
native Bacteriology (Holt, eta/., 1994).1! was main
tained on Tryptic Soy Agar (TSA) medium. 

Interactiou of fluorescent Pseudomonas BRL-1 
agaiust F. oxysporum iu dual plate culture 

The antagonistic effect of fluorescent Pseudomonas 
BRL-1 were tested against F. oxysporum supplied 
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from the laboratory of Molecular and Applied My

cology and Plant Pathology, University of Calcutta 
on Peptone Glucose Agar (PGA) plates using dual 
culture technique (Randhawa, et a/.,2002). This was 
done by streaking the fluorescent Pseudomonas 
BRL-1 in a circle I 0 shaped and semicircle I U 

shaped pattern, where as spore suspension of F. 
oxysporum was point inoculated in the centre on the 
plates. The fungal pathogen inoculated centrally on 
PGA plate, but uninoculated by fluorescent 
Pseudomonas BRL-1 served as control. The inocu
lated plates were incubated at 30°C fo•· 6 days and 
inhibition of colony growth was measured. 

Interaction of fluorescent Pseudomonas BRL-1 
against F. oxysporum in dual liquid culture 

To test the antifungal activity of the fluorescent 
Pseudomonas BRL-1, dual liquid culture method 
was employed (Basha and Ulagnathan, 2002). One 
ml of 24 hours grown fluorescent Pseudomonas 
BRL-1 culture (containing 107 cfu I ml) and an agar 
block (5 mm diameter) of 5 days old culture of F. 
oxysporum was inoculated onto 50 ml of Peptone 
Glucose Broth medium in 250 ml of conical flask. 
The culture was incubated on a rotary shaker at 30'C 
for 72 hours. For the control experiments the fungal 
pathogen was grown alone. Experiments were per
formed thrice taking triplicate for every set. A drop 
of fungal culture from each flask was taken out and 
placed on a clean glass slide and stained with 
lactophenol and cotton blue and observed under 
Leica DMLS Research Microscope. 

The differences in dry weights (72 hours old culture 
was dried for 24 hours at 70°C) between the fungal 
cultures grown with fluorescent Pseudomonas BRL-
1 strain or the control culture grown without any 
bacterium were recorded (Basha and Ulagnathan, 
2002). 

Inhibitory effect of fluorescent Pseudomonas BRL-1 

To investigate the inhibitory effect on fluorescent 
Pseudomonas BRL-1 for the production of volatile 

compound 'inverted plate technique' was followed 

(Dennis and Webster, 1971 ). An agar block (5 mm 
diameter) of 4 days old culture of F. oxysporum 
placed on the centre of the Petri plate containing 20 
ml of PGA. A loopful of 2 days old fluorescent 
Pseudomonas BRL-1 culture was strike on Petri plate 

having 20 ml of PGA then inverted over the plates 

inoculated with the fungal pathogen F. oxysporum. 
Two plates were sealed together (mouth to mouth) 
with parafilm, control plate consist of F. oxysporum 
inverted over uninoculated PGA plate. The plates 
were incubated at 30°C and three replicates were 
maintained for each treatment. After 5 days of incu
bation colony diameter of the test pathogen was 
measured and compared with the control. 

Production of hydrogen cyanide was tested qualita
tively according the method of Wei eta/ (199 1). The 
fluorescent Pseudomonas BRL-1 was inoculated in 
TSA medium supplemented with amino acid glycin 
( 4.4 g J·' of medium). A strip of sterilized filter pa
per saturated with a solution containing picric acid 
0.5% (yellow) and sodium carbonate (2%) was 
placed in the upper lid of the petridish. The 
petrid ishes were then sealed with parilfi lm and incu
bated at 3 O'C for 4 days. A change of colour of the 

filter paper strip from yellow to light brown, brown 
or reddish brown was recorded. 

To test the production oflAA, active culture of fluo
rescent Pseudomonas BRL-1 was inoculated in 10 

ml of minimal salt media supplemented with I 00 J.lg 
I ml of tryptophan, and incubated at 30°C under shak
ing for 48 hours. Culture broth was centrifuged at 

7500 rpm for I 0 minuets. To I ml of culture super
natant, 2 ml of Salkovsky reagent was added and 
contents incubated at 30°C for 25 minutes. Absorp
tion was read at 530 nm and levels quantified from 
standard curve of!AA. 

To test the chitololytic property of fluorescent 
Pseudomonas BRL-1 it was inoculated on LB me
dium (Gunasekaaran, 1995)supplemented with 0.5% 
colloidal chitin as principal source of carbon. Plates 
were incubated at 30°C for three days. Formation of 
a clear halo region around the colonies indicates 
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chitinase activity of the strain (Frandberg and 

Schnurer, 1994 ). 
Chrome Azurol S (CAS) agar medium was prepared 
as described by Schwyn and Neilands (Schwyn and 
Neilands, !987) to detect the siderophore produc
tion. CAS agar (blue agar) was inoculated at the cen
ter of the plate with 24 hours old fluorescent fluo
rescent Pseudomonas BRL-1 and kept for incuba
tion at 30'C for 72 hours. The change of the blue 

colour of the medium to orange or presence of yel
low to light orange halo surrounding the bacterial 

colony indicates the production of siderophore. 

Production of hydrolytic enzyme was qualitatively 
assayed in minimal medium containing gelatin, 
starch, pectin and carboxymethyl cellulose (CMC) 
fo·r protease, amylase, pectinase and cellulase respec
tively. Plates were incubated for 48 hours at 30°C 
and formation of clear zone around bacterial colo
nies was read as positive (Gaur, eta/., 2004). 

Results and Discussion 

In dual culture, significant growth inhibition of F. 
oxysporum occurred due to antagonistic effect of 
fluorescent Pseudomonas BRL-1, which was evident 
with clear inhibition of colony diameter. The results 
are presented in Table I and depicted in figure I. At 
48 hours of incubation, F. oxysporum was strongly 
inhibited by fluorescent Pseudomonas BRL-1 and 

simultaneous increase in incubation time corre
sponded escalation in percent growth inhibition. 
A ftcr 96h of incubation the mycelia growing toward 
the interaction zone, which was prominently evident 
in semicircular/ U-shaped streak stopped, and the 
mycelia gradually lost vigor. Microscopic study of 
the mycelia from the interacting zone showed hy
pha! shriveling, mycelia deformities, swelling, frag
mentation, short branching and finally resulting into 
lysis (figure 2). The difference in dry weights be

tween the fungal culture grown with and without 
fluorescent Pseudomonas BRL-1 strain was re

corded. There was more than 68% reduction in dry 
weight of the culture grown with fluorescent 
Pseudomonas BRL-1 strain when compared to the 

control. 

Morphological abnormalities in hyphae of fungal 
pathogen, was clearly observed under microscope. 
Such abnormalities occurred due to secondary me
tabolites and diffusible lytic substances produced by 
the bacterium (Arora eta/., 200 I). Further study was 
made to screened for the production of different sec
ondary metabolites including siderophore, 
hydrogencyanide, antimicrobial compound, volatiles, 
hydrolytic enzymes, IAA investigated for their ef
fect on F. oxysporum in vitro (Table 2). 

The results (Table 2) showed fluorescent Pseudomo
nas BRL-1 produced mainly siderophore, protease, 

Table 1./n vitro antagonistic activity of fluorescent Pseudomonas BRL- \,cultured as 
semi-circular and circular streaks, on Fusarium oxysporum point-inoculated in the 

center PGA plates incubated at 30°C. 

Colony diameter (in em) ofF. oxysporum after incubation period of 

Oh 24 h 48 h 72h 96 h 120 h 

Control 0.00 0.80 ± 0.10 2.28 ± 0.02 3.75 ± 0.07 5.00 ± 0.21 7.47 ± 0.53 

Semi-circular 0.00 0.27 ± 0.10 0.74 ±0.15 1.09 ± 0.21 1.41±0.12 1.51 ± 0.02 

Circular 0.00 0.00 0.52 ± 0.03 0.78±0.12 1.01 ± 0.01 1.02 ± 0.02 
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Fig. I. Inhibitory effect of fluorescent Pseudomonas BRL-1 on F. oxysporum. (a) Control; F. oxysporum colony in pure 
culture showing more rapid growth at 30°C; (b) Colony of F. oxysporum showing restricted growth, but growing freely 
towards the top end away from the U shaped streak culture of the antagonist fluorescent Pseudomonas BRL·I and (c) 
Colony·of F. oxysporum showing restricted growth due to fluorescent Pseudomonas BRL·I inoculated as a circular 
streak. 

Table 2. Showing different secondary metabolites 
production and enzymatic activity of fluorescent 
Pseudomonas BRL-1 

Different Metabolites Rate of Production 

Siderophore production 

Antibiotic Substances 

HCN production 

Volatile substances production 

Chitinase activity 

Protease activity 

IAA production 

+++ 

+ 

++ 
+++ 

~+++'Stronger production,'++' Moderate production,'+' 
Low production, 
'·' No production 

chitinase and IAA. 
The isolate was further studied for role of chitinase 
and protease activity, characterization of siderophore 
for their nature and binding properties and IAA pro· 
duction. 

Mycolytic enzymes consist of ch itinase, protease etc. 
based formulations have been used to control fungal 
plant pathogens (Despande, 1999). Fluorescent 

Fig. 2. Microscopic observations of mycelium inhibited 
by fluorescent Pseudomonas BRL-1 strain. Mycelium of 
F. oxysporum (a) grown on Peptone Glucose Agar (PGA) 
media (Control), 

(b) present in the inhibition zone, when grown with fluo
rescent Pseudomonas BRL·I on PGA. 

Pseudomonas BRL-1 has been found to produce 
chitinase and protease, when they were grown in 
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chitin and gelatin media respectively, as a sole car
bon source. As the fungal cell wall contains chitin 
as the major component and chitinase are well known 
to lyse the cell walls of both live and dead fungi 
(Ueno eta/., 1990). The reduction in dry weight of 
the fungal pathogen may be due to the proteolytic 
and chitinolytic activity of fluorescent Pseudomo
nas BRL-1. 

CAS agar (blue agar) plate assay indicate siderophore 
production by fluorescent Pseudomonas BRL-1. The 
strain forms colonies with an orange halo. This colour 
change is based on the principle that the blue colour 
of the CAS medium is due to the Fe-dye complex 
and when si.derophore is produced by the fluores
cent Pseudomonas BRL-1 the iron is released from 
the Fe-dye complex resulting in the change in colour 
to orange which indicate the siderophore production. 

The isolate did not produce hydrocyanic acid (HCN). 
lnfact, it was reported that production ofHCN proved 
to be deleterious to the plant (Despande, 1999). 

In general Indole acetic acid is universally accepted 
as a plant growth promoter. Other than that, it has 
been reported by Chirst and Mosinger ( 1989) that 
this phytohormone could also ind~ce resistance 
through PR protein production. Again in the year 
2004, Sharaf and Farrag reported that IAA reduce 
spore germination, mycelial dry weight and protein 
content of the pathogenic fungi and thus prevent sig
nificantly any chance for disease induction by soil 
pathogens. Our study complements their findings by 
demonstrating significant production of!AA by fluo
rescent Pseudomonas BRL-1. 

On the basis of these studies it can be concluded 
that the fluorescent Pseudomonas BRL-1 isolate is 
showing significant antagonistic property through 
combined and/ or individual effect of siderophore, 
production of proteolytic enzyme, IAA and 
chitinolytic activity. Considerable attention has been 
paid to plant growth promoting rhizobacteria 
(PGPR), as the best alternative to chemicals to fa
cilitate eco-friendly biological control of soil and 
seed borne pathogen (Rameshkumar et a/., 2002). 

These observations and further studies might help 
in developing this PGPR (fluorescent Pseudomonas 
BRL-1) as a potential rhizospheric biocontrol agent 
against F. oxysporum. 
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the centre on the plates. The fungal pathogen inocu
lated centrally on PGA plate. but uninoculated by 
fluorescent Pseudomonas BRL-1 served as control. 
The inoculated plates were incubated at 30'C for 6 
days and inhibition of colony growth was measured. 

Interaction of fluorescent Pseudomouas BRL-1 
against A. niger in dual liquid culture 

To test the antifungal activity of the tluorescent 
Pseudomonas BRL-1. dual liquid culture method 
was employed. I ml of freshly grown tluorescent 
Pseudomonas BRL-1 culture (containing 10' cfu/ 
ml) and an agar block (5 mm diameter) of 5 days 
old culture of A. niger was inoculated onto 50 ml of 
Peptone Glucose medium in 250 ml of conical 
flask. The culture was incubated on a rotary shaker 
at 30'C for 72 h. For the control experiments the 
fungal pathogen were grown alone. Experiments 
were performed thrice taking triplicate for every set 
(Basha and Ulaganathan, 2002). A drop of fungal 
culture form each flask was taken out and placed on 
a clean glass slide and stained with lactophenol and 
cotton blue and observed under Leica DMLS 
Research Microscope. 

Differences in dry weights between the fungal 
cultures grown with fluorescent Pseudomonas 
BRL-1 strain or the control culture grown without 
any bacterium were recorded (Basha and 
Ulaganathan, 2002). For this 72 h. old dual cultures 
were filtered through the pre weighted Whatman 
No. I filter paper. It was dried for 24 h at 70'C and 
weights were measured. 

Inhibitory effect of fluorescent Pseudomonas 
BRL-1 

To investigate the inhibitory effect on fluorescent 
Pseudomonas BRL-1 for the production of volatile 
compound 'inverted plate technique' was followed 
(Dennis and Webster, 1971). Spores of A.niger was 
point inoculated on the centre of the Petriplate 
containing 20m! of PGA. A loopful of 2 days old 
fluorescent Pseudomonas BRL-1 culture was strike 
on Petriplate having 20 ml of PGA then inverted 
over the plates inoculated with the fungal pathogen. 
Two plates were sealed together (mouth to mouth) 
with parafilm, control plate consist of A.niger in-

verted over uninoculated PGA plate. The plates 
were incubated at 30'C and three replicates were 
maintained for each treatment. After 5 days of 
incubation colony diameter of the test pathogen was 
measured and compared with the control. 

Production of hydrogen cyanide was tested 
qualitatively according the method of Wei et a/.. 
(1991). The fluorescent Pseudomonas BRL-1 was 
inoculated in TSA medium supplemented with 
amino acid glycin (4.4 g/1 of medium). A strip of 
sterilized filter paper saturated with a solution 
containing picric acid 0.5% (yellow) and sodium 
carbonate (2%) was placed in the upper lid of the 
petridish. The petridishes were then sealed with 
parafilm and incubated at 30'C for 4 days. A change 
of colour of the· filter paper strip from yellow to 
light brown, brown or reddish brown was recorded 
as weak (+), moderate (++) or strong (+++) 
cyanogenic potential, respectively. 

To test the chitinolytic property of fluorescent 
Pse11domonas BRL-1 it was inoculated on LB 
medium (Gunasekaran, 1995) supplemented with 
0.5% colloidal chitin as principal source of carbon. 
Plates were incubated at 30'C for three days. 
Formation of a clear halo region around the 
colonies indicated chitinase activity of the strain 
(Basha and Ulagnathan, 2002). 

Chrome Azura! S (CAS) agar medium was prepared 
as described by Schwyn and Neilands (1987) to 
detect the siderophore production. CAS agar (blue 
agar) was inoculated at the center of the plate with 
24 h old fluorescent Pseudomonas BRL-1 and kept 
for incubation at 30'C for 72h. The change of the 
blue colour of the medium to orange or presence of 
yellow to light orange halo surrounding the 
bacterial colony indicates the production of 
siderophore. Siderophore excreted into the culture 
medium was determined by spectophotometry. 
Concentration was calculated using absorption 
maximum and the molar absorption coefficient (A 

m" = 400 nm and E = 20,000 M·' em·') &ccording to the 
method of Meyer and Abdallah (1978). 

Production of hydrolytic enzyme was qualitatively 
assayed in minimal medium containing gelatin, 
starch, pectin and carboxymethyl cellulose (CMC) 
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for protease, amylase, pectinase and cellulase re
spectively. Plates were incubated for 48 h. at 30°C 
and formation of clear zone around bacterial 
colonies was read as positive (Ga ur. era/., 2004). 

RESULTS AND DISCUSSION 

In dual culture, significant growth inhibition of 
A.niger occurred due to antagonistic effect of 
fluorescent Pseudo111onas BRL-1, which was 
evident with clear inhibition of colony diameter. At 
48h of incubation, A. niger was strongly inhibited by 
fluorescent Pseudomonas BRL-1 and simultaneous 
increase in incubation time corresponded escalation 
in percent growth inhibition (Fig. 1 ). After 96h of 
incubation the mycelia growing toward the 
interaction zone, which was prominently evident in 
semicircular/U-shaped streak stopped, and the 
mycelia gradually lost vigor. Microscopic study of 
the mycelia from the interacting zone showed 
hypha! shriveling, mycelia deformities, swelling, 
fragmentation, short branching and finally resulting 
into lysis (Fig. 2). The difference in dry weights 
between the fungal culture grown with and without 
fluorescent Pseudomonas BRL-1 strain was 
recorded. There was more than 50% reduction in 
dry weight of the culture grown with fluorescent 
Pseudomonas BRL-1 strain when compared to the 
control. 
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Fig. 1 : /11 vitro antagonistic activity of Fluorescent Pseudolllo
nas BRL-1, cultured as semi-c ircular and circul ar 
streaks. on Aspergillus niger point-inoculated in the 

centre of PGA plates incuba ted at 30"C. 
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Fig. 2 Microscopic observation sor myce lium inhibited by 
Fluorescent Pseudu111onas I3RL-l strain. Mycelium of 
A. niger (a) grown on Peptone Glucose Agar (PGA ) 
media (Control). (b) present in the inhibition zone. 

when grown with Fluoresce nt Pseudmnonas BRL-1 on 
PGA. 

Morphological abnormaliti es in hyphae of fungal 
pathogen, was clearly observed under microscope. 
Such abnormalities occurred due to secondary 
metabolites and diffusible lytic substances produced 
by the bacterium (Arora eta/., 2001). Further study 
was made to screened for the production of 
different secondary metabolites including 
siderophore. hydrogencyanicle . antimicrobial 
compound, vola tiles. hydrolytic enzymes 
investigated for their effect on A.niger in l'irro 
(Table 1 ). The results (Table 1) showed fluorescent 
Pseudo111onas BRL-1 produced mainly siderop hore, 
protease and chitinase. 

Table I : S/w\\·ing differe nt s~conc.J a ry mct:tbolit ics production anJ 
enzymatic ac1ivity of Fluor~scc nt f' .,·nulrmu""'" BRL-1 

DiiTcrcnt 1\lctabolitcs 

Sidcrophore production 

Pon~asc :tui vi ty 

Chitinase ac li vi ty 

1-!CN production 

Vola tile .subsl:lllL'CS production 

Antibio tic substances 

Rate of 
Production 

+++ 

++ 

+ 

'+++' Stronger production, '++' Mode rate producti on. ' +' Low 
product ion . ·-· No production 

Mycolytic enzymes consisting of chitinase. protease 
etc. based formulations have been used to control 
fungal plant pathogens (Deshpande, 1999). 
Fluorescent Pseudomonas BRL-1 has been found to 
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produce chitinase and protease, when they were 
grown in chitin and gelatin media respectively, as a 
sole carbon source. As the fungal cell wall contains 
chitin as the major component and chitinase are 
well known to lyse the cell walls of both live and 
dead fungi (Ueno eta/., 1990). The reduction in dry 
weight of the fungal pathogen may be due to the 
proteolytic and chitinolytic activity of fluorescent 
Pseudomonas BRL-1. CAS agar (blue agar) plate 
assay indicate siderophore production by 
fluorescent Pseudomonas BRL-1. The strain forms 
colonies with an orange halo. This colour change is 
based on the principle that the blue colour of the 
CAS medium is due to the· Fe-dye complex and 
when siderophore is produced by the fluorescent 
Pseudomonas BRL-1 the iron is released from the 
Fe-dye complex resulting in the change in colour to 
orange which indicate the hyr;lroxamate nature of 
siderophore. The isolate did not produce catechol ate 
or ·carboxylate siderophore, the positive result for 
pyoveridine nature of the hydroxamate siderophore 
was also evident by their absorption maxima 
between 407 and 413 nm. 

The isolate did not produce hydrocyanic acid 
(HCN). Infact, it was reported that production of 
HCN proved to be deleterious to the plant (Arora et 
a/., 2001). 

On the basis of these studies it can be concluded 
that the fluorescent Pseudomonas BRL-1 isolate is 
showing significant antagonistic property through 
combined and/or individual effect of siderophoi·e, 
production of proteolytic enzyme, and chitinolytic 
activity. Considerable attention has been paid to 
plant growth promoting rhizobacteria (PGPR), as 
the best alternative to chemicals to facilitate eco
friendly biological control of soil and seed borne 
pathogen (Remeshkumar et a/., 2002). These 
observations and further studies might help in 
developing this fluorescent Pseudomonas BRL-1 as 
potential rhizospheric biocontrol" agent against 
A. niger. 
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IV. 2 : Special dispersion statistics and scqucntiul sum piing plan for 
frog eye leaf spot disease en used by Cercosporu c11psici in chilli 
G. K. N. Chhctry and E. Maniton 
Depcmment of Life science. Mallipur Ullil•ersif.l', Cam.:llipur 795003. 
bllfJ/wf 

lwno'::. patch\ne.ss regressiQn \echuique was us~d to ~tudy the spati;~\ 
distribution of Cerco.frmra ,·apsici infecting chilli leaves in its live 
growth stages 1•i:., nursery. vegetntivc. flowering. podding. and fruit 
ripening stages. The dispersion statistics indicutcd that the b:~sic 
components or the disease lesion popultnion aggregate and they were 
contagiously distributed in chilli at aU gi'Owth st.agcs. Botanical ell.lracts 
spray did not alter the b<~.sic distribution pattern of disease. The 
dispersion statistics obtained from pooled dat.a enabled to arrive at 
sequential sampling plan tiM requires a maximum of 58 leaves s:1mple 
for assessing the threshold level of discuses in order to initiate control 
·measures. A pretiminury economic lhreshold of one lesion per leaf was 
used to prepure the sequential sampling plan for timing the initiation for 
using of plant extract to control the disease. It is a cost effective 
ecofriendly quantitative method in plant disease manngement. 

IV. 3 ~ Integrated m.n.nagemcnt approach agalnst sigatoka leaf spot 
of Banana 
D. K. Misra, S, K. Sarkar, F. K. Bnuri and B. Bandyopadhyay 
All l11dia Coordinated Researclr Pmject on Tmpical Fruits, Bicllum 
Chandra Krishi Viswol'id)•alaya. Direcmrare of Rr:searclr, Kalya11i 74 I 
235. \Vest Dengt1/ 

Leaf spot or :;:;igatoka disease of banana causes considerable yield loss in 
every year and it may goes up to 50% or more ln severe cuses. The 
disease has a great importance in West Bengal as the commercial 
cultivation of the crop increases rapidly during recent years. Different 
management approache.!> have be.e11taKer. in this hweS\igMion including 
chemical fungicides, botanical oils and u bacterium inoculants 
(P.~eudommws fluorescem), Among the 10 fungicides assessed. 
propiconazole showed best performance against the disease followed by 
chloro.~thalonil and tridemorph. Five botanical oils tested, of which necm 
oil wus found to be \he best to reduce the diseuse sevcri\y. Performance 
of the oil was ns good as some chemical fungicide (eg. propincb) when 
applied @ 0.1% level. The bacterium P.w!lulomomts fluo,.,•,\·c,•m when 
applied @ 5 g formulation ( 10~ cfulg) per litre. per cent-diseuse index 
(POl) was estimated as 17.83 as compared to 27.47 il1thc control sets. 
Yield of the crop was recorded during. harvesl where p1·opicomw.olc giwc 
the best result (30.82 tlha). Productivity per ha of the necm treated plot 
and P. jloresce11S plot were 27.12 t und 25.80 t respectively, whereas 
yield of the control plot was 21.66 t/ha. Yield increases over control were 
calculated 42.88%, 25.20% and 19.11% from propiconazole. ncem uil 
and Pseudomonns fluore.~t·cn.~ h~atcd plnl r.:spccti'lely. 

IV, 4 j Manugement of un CJlidemiC diseuse of Cymbiclium rot bY 
Ouoi-escent Psemlomouaf 
Surjlt Scn1, Aniruddha Sahn~ and Krishnendu Acharyu 1 

1Drtllctrtment t~/ /lf•Umy, Uuiver.dt,v (If Ccll<.·utlel, K(l/kcuct 700 019 
1Deparllllf!lll of Bmcm,v. Uuil•rr.~ii,V of North 8e11gcll. Dmjee/ing 

Orchid is un imponunt crop for earning foreign exchange as it is one of 
the most beautiful ornamental plant. and ulso play a signilic:mt role in 
agricultural economy. In Durjecling and its adjoiliing area it has been 
found that the commerciaUy imponan\ pan i.e., pseudobulb and roOts of 
Cymbidium arc UU<~cked by a combinntion of two fungal pmhogcns 
namely FltSQI'ium o;cy.~porum Schlecht. and M11cor Memali.r Wchmer.f. 
lliemalis. ond one pathogenic buctetia Envinia. These three pathogens 
might play a syncl'l.!iSlic effect to increase the severity of this diseuse. It 
was eslimuted by the Himalayan Orchid Sociely that the loss is more 
than million rupees during this last live years. Furthermore we have 
isolated an antagonist PGPR nuorcsccnt Pseutlommws BRL-1 which 
showed significant inhibition over the growth of pathogens i11 l'itm by 
the production of sidcrophore. chitinasc, protease und IAA. An 
application of this antagonist in lhe nursery level protected plants upto 
80%. Routine application of this biocontrol agent in the neld might help 

the horticulturist h> protect this commercially importnnt plant and might 
boost up the economy of this urea. 

IV. S : Diseases of Oak Ta.sur host plants (Quercus spp.) in 1\·lnnipur 
N. G. Taibangngnnhi Chanu und G. K. N. Chhctry, 
Detltlrtme/11 of Lij~ Sdei/C'e.~. Mtmipur Uni1•ersily, Cwu·hipur 795003, 
lmplwl 

Quercus sc•rmfa and Querc.'tl.l' aculis.vima arc the two common O<lk plants 
for rearing Onk T:~s:1r silkworm (luuhereae J1myl£'i) in Mnnipur. These 
plmlts arc occasimmllr allackcd by fungul discuses. In the present 
ilwcsLigatio~ three fungal di!<cascs namely Sooty mold (Clweto{11!auw 
quirc:ifolia). Powdery mildew (PityllctCU!IIitl c:orylea) and Rust diseas~ 
(Cmnartium quen:um) were found to auack mostly from March 10 

November in a yem: Survey data from five planwtion sites of Oak tasar 
plantation furm revealed that diseuse incidence ami disease severity 
increase from May to July and gr:Jdually decrease in the winter sCason. 
These diseases are mostly air borne as screening: of seeds didn't reveill 
the presence of any of these pathogens on Oak tasar seeds. Effect of 
epidemiological f<IC\ars 011 the development of these diseases on Oak 
Tasar host plants is discussed in the full paper. 

IV. 6 : Effect of pre and post emergence herbicides on fibre yield 
and soli microbial populntion under u jute crop in on nlluvlnl soil 
B. Mnjumder, S. Snrkar, A. R. Sahu and D. N. Mnltrn 
Di1•iJicJ11 of Crop Production, Cc•lllml Research lnstitllfe For )llle tmd 
Allied Fibres, Barrackpore, Kolkallt 700120 

A field experiment wus conducted in an alluvial soil (Twic U.~locreJ)I) 
to study the ciTcct of two pre (Trinurnlin nnd Fluchloralin ) uml one post 
emergence (Quizalofop ethyl) herbicides on fibre yield ;~nd snil 
microbial population in jute crop. The fibre yield of jute increased 
sigr.if1cant\y with herbicides npp1icatior. over cetHrot. The mux.imum 
libre yield ( 37.9 q/ha) was recorded with pre emergence herbicide 
"TriOurnlin" @ 0.75 kg u.i.Jha which was signilicantly superior over 
other treatments. The lotol population of bacteria. ,fungi and 
nctinomycctcs decreased drastically after 7 days of application of these 
herbicides compared to ir.tith\t Matus n~ well a~ coro\rot The nlkrobial 
population increased gruduully after 15 days onwurds anti reached to the 
initial st:1tus at harvest i.e. after 120 d:1ys. 

IV. 7: Leaf rot ofUcleh•ine: hosl range of, medium for isola lion and 
technique for bioassay of fungicides against the pathogen 
1\1. Jana, R. Bhuttachnrya and D. C. Khatua 
Dr:JJ<II"IIIIt!JII uf J>lcmt Patho/og)', IJidlum Clramlm Krishi \'i.l"ll'lll'id.WIIaya. 
Molmnpur 741252, Nculia. 1Ves1 Oen~o:al 

Leuf rot of Betel vi ric caused by Phywplllhora uicotianae is prevalent in 
:Ill bctelvinc growing areas of West Bengal. In lnboro.~tory condition the 
puthogen infec1cd 11rinjal, tomuto, sweet pepper, red pepper, cucumber 
und guava fruits and lc:~vcs of bl:~ck pepper. On urtilicial inoculation it 
infected red pepper (chilli) causing foot rot symptom in licld conditiun. 
Pl1ymplulwm nicoticmm• isol;~tcd from fruit rut of brinjal, gu01va. lc;Jf rot 
uf black pepper, foot rot of 1/ibisc:u.~ .wbdariffit, foot rut am.l Jeuf blight 
of scsmmun aud Pllyrophtlwra ('tiJHici from fool rot of chilli infected 
betel vine lcuves in lnbomtory und in licld conditions. Phytopht/I(Jra spp. 
from all the hosts were successfully isolated in Oat me:1l agar medium 
amended with vancomycin (200 ppm), pimuricin ( 10 ppm) and 
curbcnda:z.im (25 ppm). An cnsy technique for biom;sny of fungicides 
against PllytoJ'Iulwrttllicoticmae has been standardized: When agar disc 
with mycelial growth of Ph.wopllllwra nicoticmae was put in water in 
half-submerged codition, the fungus produced good mycelial growth 
with abundant sporangia and the spornngin thus formed germinated in 
wntcr. Sensilivity of this fungus \ow:wds fungicides Wils succesfully 
tested by putting ugar disc mycelial growth in different concentration of 
n particular fungicide and subsequently recording the extent of mycelial 
growth, sporangia formation nnd sporangia! germination. Copper 
oxychloride, copper hydroxide, munco:z.cb. thimm. combination product 
of maocoz.eb + melnla11.yt, copper oxychloride+ metalnxyl, cymoxanil + 
mnncozcb showed good inhibition against all Plrytoplu/wra species. 
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/11 vi1•o studies rcvculcd that all the antagonists reduced the root rot of 
sesame signilicanlly, when o.pplied us soil drenching or in combination 
of seed soaking and soil drenching. Combination of seed soaking and 
soil drenching gave better results than the soil drenching alone. Here 
among the antagonists maximum disease control was ob!'icrvcd by the T. 
han.ia11um which gave up to 66.17% of sesame root rot disease control 
followed by isolate BS-12 (up to 65.27%) and BS-17 (up lo 65.25%). 

P·YIII. 4: EFFECT OF DIFFERENT LEVELS OF IRRIGATION 
AND SOURCES OF SULPHUR ON NODULE NUMBER, 
WEIGHT AND YIELD OF SUMMER GROUNDNUT (ARAC/1/S 
1/YPOGAEA) 
J. Dey, T. K. Basu aild S. R. Bandyopadbyay 
Bidhan Cha11dra Krishi Vis\l'uvidyalaya, Mohanpur 741252, West Bengal 

Oroundnut is one of the leading oilseed crops in the global agricultural 
scenario, India, though ranks 20111 in groundnut production. but its 
productivity is far lower than most of the g.roundnut producing countries 
like China. Ame{ico. nnd Argentina, The main reasons odvocatr.:d for such 
low productivity are lack of irrigotion facilities and inadequate fertilizer 
application. Among the chemical fcrtilizCrs. sulphur is a major one. 

Keeping iri mind the above view points, the experiment was conducted 
during pre-kharif season of '1003 and 2004 u.t Jaguliu. Instructional Farm. 
B.C.K.V .. Mo~nnpur. Nadia on sandy loam soil under irrigutcd upland 
condition. The experiment wns conducted in a splh-plot design having 4 
levels or irriga~ioR CRainfed, one irrigation at flower initintion, two 
irrigations at flower initiation + pegging, and three irrigations at flower 
initiation +pegging+ pqd devclopmentHn the mnin plot and 4 sources 
of S (Elemental S, singie super phosphate,· ammonium sulphate and 
gypsurh) applied at 40 k!ilh~ in 'the subplot. The experiment was 
replicated thrice. Spilcing adopted were 30 em (row to row) and 10 em 
between plants. ThC seed rate and variety were 60 kg/ha and SB-XJ 
respectively. Crop received 20 kg N, 40 kg P,O~ and 20 kg K,O/ha 
01pplied os basal. · · · 

Experimentol results revealed that number of nodules, dry weight of 
nodules nnd yield of groundnut crop were greatly improved by different 
levels of irrigation. Three irrigations level recorded the maximum nodule 
number and dry weigh\ with u corresponding highe~t seed yield of 
groundnut. Different sources of sulphur innuenccd the 11umber and dry 
weight of nodules and the seed yield of groundnut signilicantly. Gypsum 
proved to be the best performer in this regard. The interaction between 
irrigation levels and sources or sulphur was found to be signiric:mt nn 
groundnut yield and three irrigation with gypsum wus found to be the 
best. 

P·YIII. 5 : INTEGRATED MANAGEMENT OF BLACK-ROT 
DISEASE OF CAULIFLOWER IN'ORISSA 
Deuro, S. K., K. B. Mohapat111, P. K. Paul and A. Nandi 
All India Coordimued VegeUIIJle lmtmJvemeul Project, QUAT 
Olmbauc•.m·ar 75 J 003 

The efficacy of bacterial nntagonists P.~emlmmmtts j1tim·c·sccl/s and 
Azotobacter c/uvoctJccttm, chemical like strptocycline and a botanical 
necm cake was studied for the management of bluck-rot diseuse or 
caulinowcr. Field trials were conducted for three consecutive Rubi 
seasons 2001·02, 2002·03 and 2003-04 in the expcrimcntallicld of All 
Jndiu Coordlnmed Vegetable Improvement Project, OUAT, Bhubaneswar 
with the variety Himlata-2. The trial was laid out in randomized block 
design with four replications. TI1e row to row spacing of 60 em and phuu 
to plant spacing of 40 em was udoptcd in the plot size of 8.1 sq.m. (3.0 
ro x 2.7 m) with the fertilizer dose of ISO: 75: 7S kg N: Pp,: K10/ha. 
Among the different treatments, seed trentmcnt with sterptocycline ( 100 
ppm) for IS minutes followed by seedling dip (100 ppm) for IS minutes 
before planting and 1hrce sprays of streptocycline (200 ppm) at 10 days 
intervals slarling from IS days u(ter planting proved very effective in 
roanagem~nl or black-rot with mean PDI of 4.SS %. maximum curd 
yield of 220.23 qlha and registering 81.84% disease control and 75.71 
'fo increase in curd yie!d over control. The same treatment gave 
maXimum Cost benefit rulio of l: 10.85 with net return of Rs.27 .505.00. 

s~cd ti'C<ltm~nt with A:.mobaclt.'l' (.'/mmt.:Oc.'Clfll/ ( 1.5 g/kg). soil 
application of the culture (250 g/50 kg FYM/ha) and slurry culiUrc 
drenching (after IS days of planting) was found to be next best in respect 
of disease control (54.69 %) followed by usc of Pseudnmouas 
jluroest'f!IIS as seed trctllment ( 10 g/kg:), seedling dip (0.2 % spore 
suspension for 30 minutes before plunling) and foliar spmying (three 
sprays or 0.2 % spore susp~:nsion ;,l( 10 days interval sto..ning from 15 
days aftl!'r planting) registered 37.71 %disease control with mean cost 
benefit ratio of I:S,68. However, the control plots recorded muximum 
disease incidence of 25.6% with low~st curd yield of 125.47 q/h:1. 

P-VIII. 6: OPTIMIZATION OF DIFFERENT PHYSIOLOGICAL 
FACTORS ON GROWTH FOR THE DEVELOPMENT OF A 
COST EFFECTIVE MEDIA FOR LARGE SCALE PRODUC· 
TION m· AN ANTAGONISTIC PGPR FLUORESCENT PSEUDO· 
MONAS DRL·l / 
Surjit Sen1, Rajat PaP, Anlruddha Saha3 ond Krishnendu Acharya 1 

1/Jepartme/11 of Doltl/1)\ Uuiwrsit)' of Cah.·uua, Koike/la 700 019 
JD,•purtmem of Microbiology, Barmckpore Rastragm'll Suremlrauml1 
College, Barractmre, 24 Pctrgcmas. West Bengal 
·'Depcmmellt lJj DoiWJ>'• U11iversi1y of Nonil 8e11gtll, Darjeeling. 

Consider.tble research efforts are underway globally to exploit the 
poletUial or fluorescent Pscudomomtds in maintenance of soil health and 
us crop protectants, since they represent not only a dominant bacterial 
group of rhizosphre ecosystem but arc ulso metubolica'uy and 
funct\ona.lty most versatile. Our isolate, fluorescent P.~emlvmonas BRL-
1. showed signilicunt antagonistic activity ugainst several 
phytopathogens like Fust1rium oxysporum, Sclerotium m/fsii, 
Myr011Jecium roriclum, Cnlletotric/wm capsid and Curvularia lmwttt 
and also having PGPR acl~vity. Correla\ion of antifungal activity of these 
isolates have been found to be linked with the production of siderophore, 
protease, chitinase and IAA. The objective of this study was to 
standardize a suitable cost effective fermentational technique for the 
large-scale production and powder rormulution of the said strain. Various 
factors inlluencing the growth of the strain were worked out by keeping 
all the factors constant except the one was varied. The factors considered 
were pH of the medium. time period, temperature, aeration, inoculum 
volume and selection or suitnble carbon and nitrogen sources. 

Survival of the lluorescent Pseuclomona.f BRL-1 moniwred nl room 
tempcr<~turc in a tnlc b:1sed formulation showed viable population up to 
I 20 \lays. The \mpulat\o\\ was dr•1Mico11\y reduced af\cr 120 d;1ys. of 
Stomgc. The results indicate that this eflident rhizosphcric bacteria 
could be commcn:inlly producr.:d in this cost effective media 
composition and could be maintained in talc ba:sed powdcrr.:d form for at 
least five riwnths. 

P-VIII. 7 : EVALUATION OF niOCONTROL POTENTIALITY 

~t~o:~~~~N~~~~J':o~~~~s0~~~~ ~~t~~~~~~v~~A~1 ... PHYTOPATHOGEN/ 
Surjit Sen, Mou Bhauacharyya, Saifa Tahsin Khandakar. Subro~ta Giri 
and Krishnendu Achmya 
Vepartme111 of Jlotcmy. Uni1·er.\'ity of Calculla, Kotkata 700 019 

Considerable research efforts ure underway globally to exploit the 
potential of lluorescent Pseudomonuds in maintenance of soil health and 
us crop protuc\unts, since they represent not only n dominant bacterin! 
group in the rhizosphcrc ecosystem but urc ulso metubolicully und 
functionally most versatile. 

In this study we have evaluated th!! biocontrol potentiality and PGPR 
octivity of an isolate, Ouore:scent P.n!lldomonas BRL-1. In dual culture. 
significant growth inhibition of severn! phytopathogens like Fusarium 
a:r)'Sf'OTWIJ, Mucor hiema/is, Sclerocium rolj.fii, Myrollrecium mridum, 
Cotlnotriclmm capsici, Altemaria altemata etc. occurred due to the 
antagonistic effect of fluorescent Pseudomonas BRL-1. Microscopic 
study of the mycelia from the interacting zone showed hypha! shriveling. 
mycellial deformities, swr.:lling, fragmentation. :short branching and 
finulty resulting into lysis. 
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Morphological abnormalities of the hyphae occurred due to the 
production or secondary mctnbolites mainly sidcrophorc which is of 
hydroxamate in nature. The strain produce mycolitic enzyme like 
chitiOase and pretense, which are well known to lyse the cell wall of 
fungal pathogen. Furthermore the isalale produces signilicunt amount of 
IAA which functions as a plant growth promoter as well as prevent the 
growth of pathogen. 

The Ouorescent P.ft'1tdomn11a.r BRL-1 showing omwgonistk· :1ctivity 
through combined and/ or indiviLiual ciTe!: I of sidcmplwrc. rm"lu~·ti1111 nf 
rnycolitic enzyme :tnd IAA activity. These obscrvo1tion and funhL•r 
SIUdics migbt help in developing this PGPR (lluorcscl.!nl P.~c'lftlommws 
BRL-1) as u potcnti<ll rhi2osphcric biocontro\ ag.cn\ 01gainst Uiffcrcn\ 
pathogens. 

P-VIII. 8: ISOLATION, CHARACTERIZATION AND SCREEN· 
ING.OF,FLUORESCENT PSEUDOMONADS POPULATION OF 
MEJ:iJCINAL PLANT'S RHIZOSPHERE AGAINST ALTERNA· 
RTA'ALTERNATA , 
Chandan K. Matti, Surj.il Sen, Arpitt\ Kuru!\, Sudlptu Ghosh and 
Krishn.endu Acharya 
OeJlartmem of Botany. University of Calcutta, Kolkata 700 019 
E-mail: kri.flllle11d1w @rediifmail.mm 

ln recent years fluorescent Pscudomonods have drawn attention world 
wide because· of production of secondary metabolites such as 
siderophores, antibiotics, volatile compound, HCN, enzymes und 
phy\ohonnons. Here. the phenotypic diversity of ,lOO fluorescent 
P.femlomonas strnin isolated from the rhizosphcre of different medicinal 
phmLc; were compared. Vast ranges of biochemical. morphological. 
cultural and physiological homology were evaluated. The following tests 
were performed: proteolysis of gelotin, nitrate reductase, oxidase test. 
arginine dihydrolnse prodUction. llpnsc production, production of gns 
from carbohydrates (such ns glucose. sucrose, lactose), urease 
production, levan formation from sucrose, H,S formation, catalase. 
methyl red 11nd Voges-Proskawer test. MorPhological ond cultural 
char<~cteristics were eKornined on 4 days old culture. All the isolates 
were rod shaped, aerobic, gram negative; os regard to their cnzymutic 
activity they were oxidase positive, nitr:ue positive und arginine 
dihydrolase positive they were levan positive and showed n~gnlive resuh 
in Voges-Proskaucr test. Among all the Fluorescent Pscudommmd IHltive 
isolates. 26 different isolates showed ruuagonistic activity against 
Altcmaria {1/ternata, out of which GS9, GSII. CA9, CAI7, SR9, SRI4. 
WSlO, WSil and RSII were found to be most potent antagonist. 

P·VIll. 9 : DIOLOGICAL CONTROL OF RHIZOME ROT 
DISEASE OF TURMERIC 
Surojlt Khalko1 and Apurba Kumar Chowdhury 
1Deparlmt!IU tJ./Piam Patholog,\: Bidhan Chandra Krislli Vi.nvaviclyaltlya, 
Mollanpur 74/252, Nadia, West Bengal 

Turmeric (Cllrcltma lcmga Linn.) an importunt rhizomatous spice crop 
being cultivated in India, since uncicnt times, is affected by some 
diseases of which rhizome rot disease caused by P,wlliwu sp is most 
importnnl. The thTee biocontro1 ngcnts viz., Trid1oderma viridl!, 
Psemlmlwlla.~fluore.n.:em:e und Bacillus .wbti/i.1· :tnd Fnrm Yard Manure 
{FYM) were used in different combinations both as seed treatment and 
soil .application to develop an effective biological control method against 
rhizome rot disease of tunnerie. Combination of seed treatments with 
both Tridwdtrma viricle und Psemlommws j1uore.1·cem:e along with 
FYM showed highest disease reduction (63.65% less disease) as 
compared to check than other ucutments. The soil a.pp1ieulion or 
Trlclwdenua und Pseudomo11as ulong whti·FYM as well as combination 
of seed treatment and soil uppli£ation with these two bio·cantrol agenL<> 
also found to give very good result in terms of per ccm reduction in rat 
over control. Regarding rhizome yield, combined seed and soil treatment 
with both Triclwclerma und Pse1.1.domo11ps nlong wilh FYM was the best, 
recording the highest rhizome yield. Bacillus .mbtilis had lei's 
pronounced effect on disease incidence. and rhizome yield. 

Abstracts 185 

P·VUI. 10 : POTENTI,\L DETERRENCE OF TlllCHODERMA 
Sl'l'. i\GAINST FUSi\RIAI. WILT OF TOMATO 
S. Ojho und N. C. Chnuerjcc 
Mycology ami Plrmt Patlwlo,c:.v Lilbormory. Depnrmu•m of Boumy. 
Uni\•ersiry of Uurd\\'all, Burdwau 713 I OJ, We.(t llengal 

Wilt of tomato (Lycopersicrm esC'IIItmlllm) is a most dreadful disease 
caused by F11sarium oxy.ftmnml lending. to un enormous economic loss 
to the growers as a consequence. An :JIIcmpt wos mnde to control the 
di:;eusc binJngic.'illly with the tippJic:Jtion of Ulllagonists Vi7.. 7i•idwt/erllltl 
~·iride, 7: li,~llol'lllll, 7: lwr:irmum, T. haJIIlllmll uml 1: n•t·.~,·i. The effect 
of volatile :mr.l non· volatile antibiotics of Tri(:/wdemw ori,gin on growth 
inhibi\ion of the wilt pnthogen was studied. T. lwr:iwmm shoWed\; 
ma~imum growth inhibition (91%) of the pt~.thogen through 
mycaparasitism followed by T. viricle and the non-volatiles p(aduccd by 
these antagonists cKhibited their excellent antagonism to the growth nf 
the puthogcn (100%) under ;, l'ilro condition, Tridmderma spp 
produced sidcrophorc, irol'I·Chelating compounds that contribute much 
towards enhancement or their competitive behaviour for nutrition with 
the target pathogenic rungi and as such offer their greater antagonistic 
potentiality. Overall eKperimental studies clearly indicate T. har:.ianum. 
T. ~·iride and T. hamatum are capable of retarding the growth of the 
pathogen while T. liguorwu and T. reesei arc comparatively less efiicient 
to this f;':ffect. 

P-VIII. II: EVALUATION OF ANTAGONISTIC POTENTIAL OF 
SOME WILD i\ND MUTANT ISOLATES OF TRICHODERMA 
1/AIIZTANUM AGAINST MACROPHOMINA PHASI::OLTNA 
(TASSI) GOlD CAUSING STEM ROT OF JUTE 
A.Roy and Sitansu P:m1 

Uuar Danga Krishi Viswavidyafaya, Pw1dibari. Conch Bellar 736 /65, 
West Beugnl 
1 DefU/1'11111!111 of Plant Patholog>~ Bidllau Chandra Kri.rhi Viswavidyalaya, 
Moliaupur. Nadia 741 252, Wc,fl Bmgal 

Six gamma irradiated mutant isolates of Trichodernw lwr:.imwm and 
their two wild biotypes were evali.uucd for antagonistic potentiUI apnist 
M{IC:mpl10miu(f pllaJeolina causing stem rot of jute. All the mutant 
isolates were more effective in inhibiting the mycelial growth of the 
pathgogen thom \heir cnne!iponding wild biotypes in !Jual cu\1.ure rend 
two mutant isolah.:s namely 75n'41V and 125n.41 were most effectiVe in 
inhibiting pathogen growth by 78%. The highest production of volatile 
compound wus recorded in case or ISQThJJ which was eyidcnccd by 
49% inhibition of mycelial growth of the pothogen over control. The 
maximum inhibition of mycelial growth or the pathogen through 
production of nonvolatile antibiotic was recorded in case ofTh4, 150'"'3 I 
;mU 7Sn.41V. The mut;mt isoh\tc. 7Sl'b41V was also found to produc,: 
greater quantity of CKtracellualr enzymes like ~-1,3 glucanasc, J'}-1.4 
endogluconas.e and chilinase when Cznpck Dox broth was partially 
induced with mycelial powder of M. plw.~eo/ilw. /11 l'ii'O trial was 
conduced to determine the biocontrol potential against M. p/Jaseo/ill(l 
incited stem rot or jute und observations on disease incidence were Iuken 
at fortnightly interval up to 8 weeks. At 56 duys after sowing all th~: 
mutants were superior to their respective wild biotypes in non·steritizcd 
soil, but they were highly vari:1blc in their discsase mnnagemcnt 
potential. However, the mutomts 75n.41V and I 25th 41 were found most 
promisoing in reducing stem rat infestation in bath·sterlized and 
unsterilizcd soil. 

P·VIII. 12: DIVERSITY OF WILD EDIBLE MUSHROOMS AND 
THEIR ECONOMIC VALUES IN SHEPOUMARAMTII NAGA 
Al!EAS UNDER SENAPATI DISTRICT OF MANIPUR 
G. K. N. Chhctry and Neli Lokho Pfoze 
Departmenr of Life Science.r, Ma11ip11r University. Caucllipur 795003, 
/mplral 

Out of the total twenty-four different edible fungi collecl!.:d and 
identified in local dialects. the present work focused on nine locnlly well 
known mushfOt>ms. Detail information's in regard lo habit, habil.ats, 
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In vitro antagonistic effect of fluorescent Pseudomonas 
BRL-1 against Sclerotium rolfsii 
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KRISHNENDU ACHARYA 
Molecular and Applied Mycology and Plant Pathology Lab., Department of Botany, University of Calcutta, 
Kolkata 700 019 
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Sclerotium rolfsii Sacc. is an important soil
borne plant pathogen distributed throughout the 
world, having broad host range and persists for 
longer period in soil by resistant resting structures 
(sclerotia) (3). Use of synthetic fungicides and crop 
management strategies were unsuccessful in 
eradicating this pathogen completely, and the former 
causing environmental hazards and chronic health 
problem (2). 

In recent years, florescent Pseudomon~ds have 
drawn attention worldwide owing the ability of 
production of secondary metabolites such as 
siderophore (16), antibiotics (12, 17), volatile 
compound, HCN (24), enzymes and phytohormones 
(12, 17). These have been implicated in reduction 
of plant pathogenic fungi and harmful rhizobacteria 
with simultaneous induction of growth of crop plants. 
Biological control of plant diseases with bacterial 
antagonists is a potential alternative to chemical 
control, because chemical control is expensive and 
hazardous to ecosystem. 

Taking it as an objective, an attempt has been 
made to isolate a potential antagonistic organism 
having lethal effect on this phytopathogenic fungi 
Sclerotium rolfsii. 

Soil bacterial isolates were made from the 
rhizosphere soil samples of potato following serial 
dilution technique in King's B media (13). All the 
isolates were subcultured and maintained on Tryptic 
Soy Agar (TSA) medium. Screening for the 
antagonistic activity was carried out by following 
the method of Huang and Hoes (1976} (11}. An 

*Corresponding author: nirmalindu@rediffmail.com 

agar block of 5mm diameter was placed at the 
center of the PGA plate and allowed to grow for 48 
hours. A loopful of bacterial culture was streaked at 
the periphery of the plate and incubated at 30°C for 
five days. Development of inhibition zone around 
the bacterial colony was observed. Out of the 96 
isolates tested 6 showed inhibition against S. 
rolfsii, of which strain BRL-1 showed the highest 
level of inhibition and selected for further study. 
This strain was characterized morphologically and 
biochemically following Bergey's Manual of 
Determinative Bacteriology (1 0) and found to be a 
fluorescent Pseudomonas species. 

The florescent Pseudomonas BRL-1 was 
subcultured and maintained on TSA medium for 
subsequent use. During in vitro antagonistic study, 
dual culture technique was performed on Peptone 
Glucose Agar (PGA) solid (23) and liquid (2) 
media. In the former experiment bacterial isolate 
was streaked on PGA plate in a circular I 0 
shaped and semicircular I U shaped pattern (23). In 
the later case 50ml of PG broth was inoculated 
with 1 ml the bacterial suspension (1 07 cfu ml· 1). 

Then the pathogen was subsequently challenged in 
the form of a single sclerotium at the center of 0 
or U shaped region on the PGA plate and in dual 
liquid culture technique PG broth was reinoculated 
with mycelial mat (5mm diameter} of 5 days old 
culture of S. rolfsii. Sole inoculation with pathogen 
in both solid and liquid media was served as 
control. Plates were incubated for 6 days at 30°C 
and inhibition of colony growth was measured and 
compared with the control, where as broths were 
kept at 30°C for 72 h in a rotary shaker and the 
mycelial dry weight were estimated. The liquid 
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culture was filtered through pre weighted Watman 
No. 1 filter paper and was dried for 24 h at 70°C 
and compared with the control set. Microscopic 
studies were also performed to detect physical and 
I or morphological changes of mycelia. 

Some biochemical studies regarding secondary 
metabolites were performed to evaluate the nature 
of antagonism of this strain. Production of volatile 
compound was assayed by 'inverted plate technique' 
(5) where two lids of separate petriplates were 
taken and poured with 20 ml of PGA. One was 
inoculated with a sclerotium and the other was 
streaked with a loopful of 2 days old fluorescent 
Pseudomonas BRL-1 culture. The petriplates were 
sealed mouth to mouth with parafilm. Control set 
consisted of only S. rolfsii inverted over uninoculated 
PGA plate. Plates were incubated at 30°C for 5 
days as triplicate. After incubation period colony 
diameter of the fungal pathogen was measured and 
compared with the control set. Estimation of 
hydrogen cyanide production was done following 
the method nf Wei eta/. (24) . Bacterial culture was 
inoculated in TSA medium supplemented with amino 
acid glycine (4.4g/l of medium). A strip of sterilized 
filter paper saturated with a solution containing 
picric acid 0.5% (yellow) and sodium carbonate 
(2%) was placed in the upper lid of the petridish. 
The petridishes were then sealed with parafilm and 
incubated at 30°C for 4 days. A change of colour 
of the filter paper strip from yellow to brown indicates 
the production of HCN. Production of diffusible 
antibiotic was detected by an 'agar layer technique' 
(7). PGA plates covered with a cellophane membrane 
were inoculated in the center with 1 00 J.ll of the 
antagonist suspension {2 x 107 cfu/ml). After 
incubation for 48 h at 30°C, the membrane with the 
grown bacterial isolate was removed, and the plates 
were inoculated in the middle with a sclerotium of 
S. rolfsii. Controls were run with sterile water 
instead of bacterial suspension on the cellophane 
membrane. Plates were further incubated at 30°C 
for 4 days and the growth of the pathogen was 
measured and compared with the control set. 
Protease activity was performed by inoculating the 
antagonist on minimal media (5X: (NH.J 2S04 -5g; 
KH

2
P0 4-22.5g; K

2
HP04-52.5g; Na-citrate-2.5g ; 

distilled water-1 L) containing 3% of skim milk and 
1% agar; incubate at 30°C for 24-48 h and testing 
with 1% Tri Carboxylic Acid (TCA) solution . 
Presence of clear zone around the colon ies 
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indicated protease activity (8). To test the 
chitinololytic activity, the bacterium was inoculated 
on Luria Bertani (LB) medium (9) supplemented 
with 0.5% colloidal chitin and incubated at 30°C for 
three days. Formation of a clear halo region around 
the colonies indicated chitinase activity of the 
strain (7) . IAA production was quantified spectro
photomertically growing the fluorescent 
Pseudomonas BRL-1 in 10 ml of minimal salt 
media supplemented with 1 OOmg/ml of tryptophan , 
and incubated at 30°C under shaking for 48h. Broth 
culture was centrifuged at 7500 rpm for 10 min. To 
1 ml of culture supernatant, 2m\ of Salkovsky reagent 
was added and incubated at 30°C for 25 min . 
Absorption was read at 530 nm and levels quantified 
from standard curve of IAA (8) . Chrome Azurol S 
(CAS) agar (blue agar medium) was used to detect 
siderophore production {21) . Fluorescent 
Pseudomonas BRL-1 was inoculated at the center 
of the plate and incubated at 30°C for 72 h. 
Appearance of yellow to light orange halo surrounding 
the bacterial colony indicates the production of 
siderophore. 

In dual culture , significant growth inhibition of 
S. rolfsii by fluorescent Pseudomonas BRL-1 was 
observed both in sol id and liquid culture. In solid 
culture, mycelial growth was restricted near bacterial 
streak and continued away from it as evident from 
figure 1 A-1 C. Increase in incubation period was 
proportionate to growth inhibition of S. rolfsii upto 6 
days (Fig. 1 F). Microscopic study of mycelia form 
interacting zone showed hypha! shriveling , mycelia 
deformities, swelling, fragmentation , short branching. 
and finally resulting into lysis (Fig. 1 E). Co-culture 
of S. rolfsii and fluorescent Pseudomonas BRL-1 in 
liquid media resulted in 55 percent reduction in the 
mycelial dry weight. Among different biochemical 
tests oerformed to detect the cause of inhibitory 
effect of fluorescent Pseudomonas BRL-1 , the 
isolate showed significant protease, chitinase, IAA 
and siderophore producing activity (Table 1) . Lori to 
eta!. (15) and Dunne eta!. (6) reported earlier that 
the exposure of selected phytopathogenic fungi to 
lytic enzymes such as chitinase , protease can 
result in the degradation of the structural matrix of 
the fungal cell wall. So the reduction of mycelial 
dry weight might be coincided by the chitinase and 
protease activity . In general Indoleacetic acid is 
universally accepted as a plant growth promoter. 
Chirst and Mosinger (1989) (4) reported that this 
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Fig. 1.1nhibitory effect of fluorescent Pseudomonas BRL-1 on S. rolfsii. (A) Control; S. rolfsii colony in pure culture 
showing more rapid growth at 30°C; (B) Colony of S. rolfsii showing restricted growth, but growing freely 
towards the top end away from the U shaped streak culture of the antagonist and (C) Colony of S. rolfsil 
showing restricted growth due to the bacterium inoculated as a circular streak. (D) Microscopic observations 
of mycelium from set 'A' (control) (E) Microscopic observations of mycelium from set 'C' (treated) (F) 
Incubation period verses radial growth of the fungi in control and treated sets. Data represents the mean 
of triplicate sets of experiments 

phytohormone could also induce resistance through 
PR protein production; Sharaf and Farrag (2004) 
(22) reported that IAA reduce spore germination, 
mycelial dry weight and protein content of the 
pathogenic fungi and thus prevent significantly any 
chance for disease induction by soil pathogens. 
Our study complements their findings by 
demonstrating significant production of IAA by 
fluorescent Pseudomonas BRL-1. CAS agar {blue 
agar) plate assay indicated the hydroxamate nature 
of siderophore production by fluorescent 
Pseudomonas BRL-1 as indicated by orange halo 
around the colony. Siderophore have been shown 
to play a role in increased growth response of 
certain plants to treat the planting material with 
fluorescent pseudomonads (1, 14, 19). The response 
is thought to involve suppression of deleterious 
rhizospheric microorganism (14, 19, 20). 

Table ·1, Showing different secondary metabolites 
production and enzymatic activity of 
fluorescent Pseudomonas BRL-1 

Different Metabolites 

Siderophore 
Antibiotic Substances 
HCN 
Volatile substances 
Chitinase 
Portease 
1M 

Rate of Production 

+++ 

++ 

+++ 

'+++' Stronger production, '++' Moderate production, 
'+' Low production, '·' No production 

Thus the present study concluded that the 
fluorescent Pseudomonas BRL-1 showed significant 
antagonistic property through combined and I or 
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individual effect of siderophore, proteolytic enzyme, 
IAA and chitinolytic activity. Considerable attention 
has been paid to plant growth promoting rhizobacteria 
(PGPR), as the best alternative to chemicals to 
facilitate eco-friendly biological control of soil and 
seed borne pathogen (18). These observations and 
further study might help in developing this PGPR 
(fluorescent Pseudomonas BRL-1) as a potential 
biocontrol agent against S. rolfsii. 
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