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ABSTRACT

The antifungal activity of Penicillium steckii(MF1) against pathogenic fungi of rose causing verticillium wilt was
evaluated under differential nutrient condition. A suitable and modified medium was obtained in which test fungus
exhibited enhanced antifungal activity and produced larger inhibition zone against the verticillium fungus. The
study carried out to modify the medium components at level of nitrogen, carbon source and their concentration on
agar plates. Addition of amino acids, metals and plant growth hormones did not show positive effect but glycerol
enhanced the antifungal activity very much.
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INTRODUCTION diseases in rose have been reported ( Morandi,et al
2001; Kaminska et al., 2001; Xu, 1999 and Uchneat
The plants suffer from diseases by both agen&t al., 1999) but their occurrence as well as
of abiotic and biotic nature. The biotic causesmportance of many of the causal fungi are yeteo b
are mainly pathogenic microorganisms. Thdnvestigated.
fungi, bacteria and mycoplasma areSeveral reports are available on antifungal agtieft
organizational entities of heterotrophic naturgfungi as well as Penicillia (Soman et,al999
and distinguished as parasites and pathoger@arcialkirchner et al., 2000, Klich et al, 1998,
The rose is a popular garden plant and importaftngstrom et al, 1999, Someya et al. 2000;
commercial cut flower grown both in the openBenhamou and Brodeur, 2000; Vangulik et al.,
field as well as under glass house conditions bi#001). Such studies are gaining much importance
fungal diseases often limit the productivity asdue to source of fungi i.e. mangrove ecosystem and
well as the commercial values. The mostsecondly due to their effectiveness towards the ros
common diseases that affect roses are caused pgthogen, especially verticillium wilt fungi. In eh
fungi i.e. Powdry mildew, Black spot, Rust, present study, basal PDA medium was modified to
Verticillium wilt, Downy mildew, Brown obtain better antifungal activity by using diffeted
canker, Black mold, Botrytis blight, Dieback, and N source and other growth stimulating factors i
etc. (Horst, 1983). Though several fungalthe laboratory conditions.
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MATEIRALSAND METHODS Effect of other carbon sources
The different carbon sources taken were sucrose,
Sour ce of fungi lactose, starch, and manitol. In each case theonarb

The verticillium wilt pathogenic fungi was source was taken at 2 % w/v and added to the basal
isolated from the infected portion of rose plantsPDA medium in place of dextrose.

purified and identified morphologically

(Mehrotra and Aneja, 1990; Barnett and HunterEffect of combination of carbon sources

1972; Kenneth and Horst, 1983).The fungiln combination with dextrose other carbon sources
tested for antifungal activity against rosewere taken, viz., sucrose, lactose, starch, maattol
pathogenic verticillium fungi was obtained fromthe rate of 2% and added to the basal medium.
culture collection of Microbiology Laboratory,

Regional Plant Resource Centre, Bhubaneswdaffect of concentration of selected carbon source

that was isolated from mangrove ecosystem odbucrose and lactose were found as the best carbon

Bhitarkanika , Orissa. source for this fungal activity against dieback and
verticillium pathogenic fungi, respectively. The
Analysis of antifungal properties following concentrations 0.5, 1.0, 1.5, 2.5 and %0

All the test organisms were tested for thei{w/v) were taken in a higher order to determine its
antimicrobial activity against four rose optimum activity.

pathogenic fungi by inoculating them through

co-inoculation method on potato dextrose agalkffect of selected carbon source and glycer ol

medium and kept incubation at®0 for 5- 7 In combination with sucrose at different
days. The inhibition zone around the colony ofconcentration, 1% glycerol was added to the medium
potent fungi were measured with the help of Hi-and observed for antifungal activity under co
antibiotic zone scale. Antifungal activity was inoculation method.

determined by zone of inhibition (mm). Relative

magnitude of inhibition was calculated by Effect of concentration of glycerol

following formulae (Darokar et al.1999; Simyy Sucrose (2.5 % w/v) was found to be most suitable.
al,. 1999) With this concentration of sucrose different % of
Relative magnitude of Inhibition = Area definedglycerol was taken i.e. 0.5,1.0, 1.5, 2.0, 2.5,%8.0

by zone of Inhibition/ Area defined by the disc.

Percent Inhibition = Colony diameter in check —Effect of amino acids

Colony diameter in treatment/ Colony diameterThe different amino acids taken (0.1% w/v) were L-

in check x 100. arginine, L-glutamic acid, L-methionine, L-tyrosine
L- valine, L- aspargine, lysine, alanine, proline,
Effect of Nutritional amendments threonine, phenylalanine, glutamine and tryptophan

During the screening program, the potato
dextrose medium was found to be the bedEffect of concentration of amino acids
medium for higher antimicrobial activity. Hence, The amino acid with which organism showed best
the potato dextrose agar medium was taken &@stivity, were taken and added to the medium at
the basal medium for the modification of0.05,0.1,0.5,1.0, 1.5, and 2.0 % ( w/v).
nutritional amendments.

Effect of potassium salts
Effect of potato extract Two potassium salts i. e. KCl and KPP, were
The different concentration of potato extractadded to the modified medium at the rate of 0.5%.
taken was 5,10,15,20, 30, 50, 100 and 150 % in
place of 25% of basal potato dextrose medium. Effect of Ammonium and sodium salts

Along with the selected carbon sources in
Effect of dextr ose concentration combination, glycerol (%) and amino acid (%),
The concentration of dextrose taken were 0.3npedium was added with different ammonium salts at
1.0, 1.5, 2.5 and 3.0% in place of 2% taken ithe rate of 1%. These were ammonium chloride,
control set. ammonium ferrous sulphate, ammonium fluoride,
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ammonium sulphate, ammonium metavendattRESUL TS AND DISCUSSION

ammonium molybdate, ammonium dihydrogen

orthrophosphate, ammonium nitrate, ammoniunT he Effect of potato extract

oxalate , ammonium acetate, sodium sulphatghe media taken was basal type, i.e. potato dextros

and sodium thiosulphate. agar. The data (Fig. 1) showed that the organism
preferred 25 % potato extract for giving higher eon

Effect of heavy metals and their of inhibition to the other concentration of potato

concentration extract taken. The inhibition zone and RMI recorded

To determine the effect of metal ions, MgCl was 7 mm and 2.8, respectively (Fig. 1). In this

and MnSQ were taken in different experiment, 25 % potato extract showed 42.8 %

concentration i.e. 0.01, 0.03, 0.05, 0.07 and O.ihibition that was much higher as compared to

% into the modified medium. other concentrations of potato extract taken (excep
one where 50% concentration of potato extract was
Effects of hormones and their concentration used and 43.3 % inhibition was obtained).

To determine the effect of the plant growth

hormones, naphthyl acetic acid, benzyl adenine,
Kinetin, and gibberalic acid were taken in

concentration of 10, 15, 20 and 25ppm.

100

—o—ZI
10 —e— RMI

0/‘\/‘/\_, —a— % Inhibition

1 2 3 4 5 6 7 8 9

——ZIl 525| 65| 35575 7 | 45|45 0 0
—e— RMI 36|26 |14|23(28|19|18| 0 0
0 0

—&— % Inhibition |41.1|/38.3|40.6|41.1|42.8|37.8|43.3

Potato extract (%)

Figure 1 - Effect of potato concentration Dextrose (2%) otaPo extract [1=5%,2=10%,
3=15%,4=20%, 5=25%, 6=30%, 7=50%,7=50%,8=100%, 0=25h

The Effect of dextrose concentration experimental set up in which dextrose was used at

Out of six different concentration of dextrose2.5 and 3.0 % concentration.

tested, the highest zone of inhibition was

observed with 2 % dextrose i.e. 6.5 mm (Fig. 2)Effect of other carbon sources

At other concentrations of dextrose, the fungu®©ut of four carbons sources taken, viz. lactose,

did not produce good inhibition zone. Thereforesucrose, starch and manitol, the best result cixain

2 % dextrose was selected for further studiesvith sucrose (Fig. 3). In PDA containing 25 %

Relative magnitude of inhibition was higher atpotato extract, 2% sucrose exhibited 4.5 mm zone of

this concentration of dextrose, i.e. 2.6 where amhibition. This also showed highest RMI i. e. 1.8

higher value of % inhibition was observed inand 38.33% inhibition, which was quite similar with
the other carbon sources used.

Braz. Arch. Biol. Technol. v.52 n.4: pp. 809-818lyJAug 2009



812 Sabat, J. and Gupta, N.

100

10

——2I
B RMI
e /.\.\. —a— % Inhibition

0.1
1 2 3 4 5 6
——Zl 1 1 15 6.5 5.5 4.5
—— RMI 0.4 0.4 0.6 2.6 2.2 18
—aA— % Inhibition 20 38.75 | 32.77 | 38.33 | 56.66 | 44.37

Dextrose concentration(%)

Figure 2 - Effect of Dextrose Potato extract (25%) + Des&aoncentration [ 1=0.5%, 2=1.0%,
3=1.5%, 4=2.0%, 5=2.5%, 6=3.0%].

100
10
—o—ZI
1 —e— RMI
—a&— % Inhibition
0.1
1 2 3 4
—o—ZI 1 4.5 2 2.5
—e— RMI 0.4 1.8 0.8 1
—&— % Inhibition 40 38.33 41.66 40.55
Carbon sources

Figure 3 - Effect of carbon sources Potato extract (25%) keDtarbon sources (2%),1= Lactose,
2= Sucrose, 3 = Starch, 4 = Manitol.

Effect of other carbon sources along with inhibition against the test pathogen than the only
dextrose carbon source used (Fig. 4). Lactose exhibited
Four carbons sources i.e. lactose, sucrose, stargiyhest zone of inhibition, RMI and % inhibitiontbu
and manitol were taken separately incomparatively it was lower than the dextrose used
combination with 2% dextrose + 25% potatoalone. Hence, the different concentration of laetos
extract. These carbon sources exhibited goodas taken along with dextrose (2%).
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100
—
10
——ZI
\‘/0/‘ —=— RMI
.\/./- —a— % Inhibition
1
1 2 3 4
——Z| 55 25 3.5 5
—a— RMI 3.4 1 1.4
—a&— % Inhibition 30 35.29 40 43.33
Carbon sources

Figure 4 - Effect of dextrose and other carbon sources Batdract (25%) + Glucose (2%) + Other
carbon sources (2%)1= Lactose, 2 = Sucrose, 3relftéd= Manitol.

Effect of concentration of L actose: concentration of lactose did not show good
Lactose was taken at different concentratiomnhibition zone and RMI. However, at 1%
along with 25 % potato extract and 2% dextroseoncentration of lactose in combination with 2%
(Fig. 5). Concentration wise, the Dbestdextrose, the highest level of inhibition on gtbw
concentration 1% exhibited 7.5 mm zone ofof the pathogenic fungus was observed. Therefore,
inhibition, which was highest among the allalong with 25% potato extract lactose (1%) +
previous experimental sets taken. The othedextrose (2%) was taken as carbon source.

100

A——Hk——‘—k—“_‘
10 ZI
—a— RMI
1 —a&— %lInhibition

0.1
1 2 3 4 5 6 7
——ZI 1 2 | 75] 2 251 15| 2
—&— RMI 04|08 3 |08| 1 |06]|08
—a&— %lnhibition |43.33|45.87|40.62/47.21|46.66|49.44/51.66

Lactose concentration (%)

Figure 5 - Effect of lactose concentratioRotato extract (25%) + Glucose (2%) + lactose
1=0.25%, 2 = 0.50%, 3 = 1.0%, 4 =1.5%,5= 2.0%,565%0,7 = 3.0%.
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Effect of glycerol Results exhibited the positive effect of combinatio
Glycerol was taken at the rate of 1% into theof lactose, dextrose and glycerol. The enhancement
modified medium along with lactose andin the RMI i.e. 4.6 also suggested the usefulndéss o
dextrose (Fig. 6). The addition of glycerolglycerol in combination with lactose and dextrose
showed positive effect and gave 11.5 mm ofor the further modification of medium.
inhibition zone at 1% concentration level.

100
——1I
10 //‘\ * ——y —=—RMI

1 2 3 4 5 6 7
——ZI 5 7 115 9.5 9.5 10 9
—a—RMI 2 3 4.6 3.8 3.8 4 3.6
—A—% i | 41.66 |44.44 | 44.44 | 42.94 |45.29 | 37.5 |32.14

Glycerol concentration (%)

Figure 6 - Effect of glycerol Potato extract 25% +glucogés], Lactose (1%), Glycerol (%) :1=0,
2=0.5%, 3=1.0%,4=1.5%,5=2.0%,6=2.5%,7=3%.

Effect of amino acids was observed with valine that exhibited 7.5 mm zone
Total 13 amino acids were tested for the furtheof inhibition. Though valine could not produce the
medication of medium at 0.1 % concentratiorinhibition zone as good as obtained with glycerol
(Fig. 7). In case of all amino acids tested, th&eombination, its effects was evaluated by taking
inhibition of growth of test pathogen could bedifferent concentration into the modified medium.
observed but significant change in inhibition

100

10 ——1ZI
SN S
' \YW —a— %]

0.1

1123 |4 |5|6 /|7 |8]9]|10|11 12|13

—e—ZI 9 (4|3 |4|45/75/3 |1 |5|55 5 25(35
—=—RMI|24|16(15|16|18| 5 |12|05| 2 (22| 2 |1 |14
—A— %1 |45 |41 |26 |30 |46 |49 |38 | 26 |36 |40 |44 | 39 | 42

Amino acids

Figure 7 - Effect of aminoacid®otato extract 25% +glucose (2%), Lactose (1%)c&Iy 1%,and
amino acids 1=no amino acid, 2=L arginine, 3=L @inic acid, 4=L Methionine, 5=L
Tyrosine 6=L valine, 7=L asparagine, 8=Lysine, @mate, 10=proline, 11l=threonine
12= phenylalanine, 13=glutamine, 14=tryptophan.
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Effect of concentration of Valine concentration exhibited good inhibition towards the
Six different concentration of valine were testedgrowth and produced 8.05 mm zone around the
in combination with the modified medium (Fig. growing colony of test pathogen. Valine in low

8). The results obtained showed that 0.1 %oncentration did not produce good results.

100

10 ——7ZI
I—"\.\-./‘\‘\o\._.\._. —=—RMI

—a&— % Inhibition

0.1
1 2 3 4 5 6
——ZI 6.5 | 805| 55 | 25 2 2
—a— RMI 26 | 312 22 1 0.8 | 0.8
—&— % Inhibition | 43.33|46.11|45.55| 40 |44.44|45.55

Valline concentration (%)

Figure 8 - Effect of valinePotato extract 25% +glucose (2%), Lactose (1%).c&iyl 1%, and
valine 1=0.05%,2=0.1,3=0.5%,4=1.5,5=2.0, 6=2.5.

Effect of metals potato extract, 2 % dextrose, 1% lactose, 1%
Metal salts used in this study were MgG@nd glycerol, pH 5 and incubation period 6 days in
MnSQ, in different concentration. The effect of solid condition. In original and normal medium of
both metal salt was negative upon the growth oPDA (pH 5.0), the fungi produced 7.0 mm zone of
pathogenic fungi (Verticilium). Therefore, no inhibition whereas in the modified medium it

metal salt was selected further. exhibited 11.5 mm zone of inhibition. The
modified medium developed through this study
Effect of Hormones showed the enhanced antifungal activity of fungus

Four plant growth-promoting hormones weretowards verticillium pathogenic fungi.
tested into the modified medium at differentin the present stud¥enicillium steckii (MF1) was
concentration. There was a negative effect of allelected because it was found to be active against
the four hormones on the growth of pathogeniwerticillium wilt pathogenic fungi occurring
fungi of verticillum. Therefore no plant growth frequently among the rose varieties. This fungus
hormone selected for the further modifications.  preferred potato dextrose agar medium and
exhibited highest antifungal activity against this
Effect of ammonium, sodium and potassium pathogenic fungi under laboratory conditions.
salts Hence, PDA was selected for the modification.
There was no effect on antifungal activity oflt is very well known that natural media contain
Penicillium steckii, rather the growth of the indefinite composition and some of them are used
organism was retarded as compared to previoder the industrial production of antibiotics, amino
modification sets. Therefore, no salt were selectedcids, vitamins and other valuable products of

for the further modification of the medium. metabolism of microorganims (Egorov, 1985).
Hence, it was thought to modify this basal medium
Devel opment of modified medium first to obtain best performance &fenicillium

Based on the results the medium contained 25%eckii (MF1) and modifications at the level of
carbon, nitrogen, and growth stimulants, etc.
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The character of a given physiological andhe enhancement of the antifungal activity tested
biochemical process occurring in microorganimsagainst verticillium wilt pathogen. The addition of
can be elucidated only by cultivating them onglycerol (1%) enhanced the antifungal activity of
thought selected media. Selection of suitabléhe fungus.

medium for cultivation of microorganism is very The postassium salts had no effects on the fungal
important to reveal their potential ability to activities. Similarly, different salts of ammonium
produce antimicrobial compounds especiallydid not show any effect upon the antifungal adtivit
antibiotics. The experimental studies carried out tof this fungus. Though several ammonium and
evaluate cultural requirement fd?.steckii have potassium salts were reported to be effective in
provided good information on the effects of tesenhancing the growth and metabolism of the fungus
parameters upon antifungal activity on solid stat¢Sood, 1990). The fungus did not respond towards
of the medium. Nutritional modifications such asthe utilization of potassium salts for its antifahg
carbon source, nitrogen sources etc. affected thmoperties, rather it was poor in this condition.
antifungal activity ofP. steckii. Ammonium salts are most readily assailable forms
The medium taken was basal type because f nitrogen for many organisms bit steckii (MF
previous studies this organism had showrl) did not exhibit any enhanced activity in the
preference for the potato dextrose agar of pH presence of ammonioum salts.

with respect to the antifungal activity towards theAmino acids are important for the metabolism of
verticillium pathogenic fungi. This was further microbes and directly involved in the synthesis of
corroborated with the facts reported by severgbroteins and take part in the formation of antibgt
workers who obtained PDA as the best mediunAmino acids were reported as good source of
for the growth of some fungi (Selvan andnitrogen and accelerated the biomass production of
Setharaman, 2003; Leon et al, 1999; Aneja, 1993jungi. Among them alanine, glycine arginine and
Qualitative  characteristics of the mediumaspartic acid were the best source for the groWth o
components are very important in the cultivatiorbioagents (Pateman and Kinghorn, 1976; Monga ,
of organisms for the study of their antibiotic2001). This was be true present study as the fungus
properties. The presence in the medium oflid not exhibit good response in the presence of
different forms of carbon and /or nitrogen, and anyamino acid when tested against the verticilliunt wil
other components induces different response in thmathogenic fungus . Addition of valine could
microbes, depending on the presence of enzymatiomehow be able to enhance the antifungal activity
and metabolic activity. The direction of thebut not up to the level of earlier experiments.
metabolic reactions thus can be varied. This magome growth factors that affect the metabolic
activate the antibiotic properties or, on theefficiency of fungi are trace elements, vitamins
contrarily, inhibit formation of antibiotics. It ka and hormones. The plant growth hormones and
been reported that glucose containing medimetals salts are quite well known for the positive
sometimes adversely affects the growth ofmpact on physiology of certain microbes (Sood,
organisms indirectly to metabolisms (Carter and990). Some such compound were evaluated for
Bull 1969, Siddiqui and Shaukat, 2002). Thetheir effects on antifungal activity of Penicillium
present fungus utilized lactose as the primargteckii. The negative effects of hormones towards
source of carbon. The effect of lactose was founthe enhancement of antifungal properties Rof

to be suitable as a factor enhancing the antifungaleckii were observed. The growth promoting and
activity of the test fungi (Simley et al. 1967;retarding effects of metal salts have also been
Varshney, 1981). The results showed the positiveeported. The effect of both the metal salts was
effect of lactose with combination of glucose innegative on the antifungal activity. Thus it was
enhancing the antifungal activity against thenot worthy of incorporation of metals and
verticillium wilt fungus. The combination of hormones into the medium.

dextrose and lactose was found better than thehe present study exhibited the achievement of
dextrose used. suitable modified medium in which the antifungal
The presence of glycerol (alcohol) was alsactivity by P. steckii could be obtained. This study
reported to be favorable on the growth of organisrwas also suggested the good production of
and yield of antibiotics in some organisms (Siddiquantimicrobial agent at laboratory level and
and Shaukat, 2002; Ismet et al., 2004). The pesitipotential of scaling up the process. The
effect of glycerol was exhibited in present study f optimization of nutritional conditions needs to
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