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ABSTRACT

Sclerotium rolfsii is a facultative soil parasite of economic importance causing disease of several eco-
nomic crop plants. Bacterial and fungal parasites are themselves an assemblage of strains differing
genetically and liable to variation. The possible effect of external nutrients on different S. rolfsii strains
in Ghana has not been studied. In this study the utilization of twelve different nutritional compounds
and sclerotia formation by five strains of Sclerotium rolfsii, SrXLL, SrXAl, SrXA2, SrELI and SrEL2
was investigated. In broth media with different carbon compounds - fructose, glucose, maltose, starch
and sucrose - and with different nitrogen compounds - Ammonium chloride, Ammonium nitrate, As-
paragine, Peptone and Sodium nitrate - a clearly discernible order of ability to utilize the two groups of
compounds was noticed. The order of the strains in descending order of efficiency was SrEL2 > SrELI
>SrXLL > SrXAl > S5rXA2. Among the carbon compounds the least utilized was starch. The best car-
bon compound varied with the strains. Peptone was universally a good nitrogen source. Over a con-
centration range of 0.5 to 2.0%, the greatest amount of pectolytic enzymes was produced in pectin me-
dia (20.0 per minute), Filtrates of strains SrXLL, SrXAl and SrEL2 showed greater pectolytic enzymes
activity than those of strains SrXA2 and SrELI. But strains SrXA1 and SrXA2 showed greater ability to
break down cellulose than the other three strains. In all the media studied the pH of the culture filtrate
decreased to acidic levels at the end of incubation period.

INTRODUCTION

Sclerotium rolfsii has been identified as causing
damping-off of scedlings and soft rot at the collar
region, stem or root rot of many economic crop
plants as a result of its fast growth rate and ability
to produce oxalic acid and cell wall degrading
enzymes (Aycock, 1966; Punja, 1985). The fungus
has successfully established itself as the main fac-

ultative soil parasite on varieties of Xanthosoma
mafaffa and Colocasia esculenta in Ghana. The
invasion of host plants by S. rolfsii both through
wounds, natural openings and by direct penetration
of intact surface tissuc of the host has been well
presented in literature (Aycock, 1966; Bowen et
al., 1992; Boyle, 1961; Cilliers et al., 2000; 2003;
Punja, 1985).
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The formation of sclerotia by S. rolfsii is influ-
enced by various environmental factors. For ex-
ample Abeygunawardena and Wood (1957) found
that the mean number of sclerotia per Petri plate
on agar medium of initial pH 1.9,2.4,2.8,4.2, 5.1,
7.8 and 8.0 was 0, 480, 1810, 1320, 1230, 1100
and 0, respectively. Out of a number of carbon
sources tested, abundant sclerotia were formed on
galactose, mannitol and sodium carboxymethyl -
cellulose media of the same concentration.
Wheeler and Sharan (1965) obtained the greatest
sclerotium formation with 0.1% Glucose and the
sclerotium number decreased with increasing con-
centration of glucose to zero at 3.0% glucose.
Increasing the concentration of KH,PO,, during
the same investigation, reduced the amount of
sclerotia formed. Initiation of sclerotia was sig-
nificantly greater at 0.2% KH,PO, than at
0.0001% KH,PO,. In contrast sclerotium forma-
tion was significantly greater at 0.5% NaNO; than
at either 0.25 or 1.0% NaNO;.

Furthermore, Wheeler and Waller (1965) found
that sclerotium initiation appeared to be regulated
by the growing hyphae at the periphery of the my-
celial mat. In Petri dishes of 5, 7, 9 and 13cm
diameter, initials did not appear until the lateral
extension of the mycelium was restricted. Also
faster growing mycelia produced greater number
of sclerotia than slower growing ones. Thus, cul-
tures kept continuously at the favourable tempera-
ture of 25°C produced a maximum sclerotium
initials of 900 per Petri plate at day 12 while those
kept initially at 15°C for 5 days and then trans-
ferred to 25°C produced maximum initials of 600
at day 18.

Johnson and Joham (1954) found that S. rolfsii
used fructose, galactose, glucose, lactose, maltose,
raffinose and starch among other carbohydrates to
more or less the same degree.

However, cellulose agar, gummastic, gum guaiac,
gum arabic and rhamnose were not used by the
fungus. In studies by Abeygunawardena and
Wood (1957), fructose was found to be the best
carbon source for growth while Townsend (1957)

found sucrose to be the best at low concentrations
but glucose to be the best at high concentrations
with lactose supporting poor growth. Darkwa
(1965) found quite a different order of preference.
Of the carbohydrates he tested, the order of utiliza-
tion was starch, maltose, fructose, glucose, cellu-
lose, lactose, glycerol and galactose. Galactose was
barely used. Some differences were also found in
results of investigations on the use of nitrogen com-
pounds for growth by S. rolfsii. Abeygunawardena
and Wood (1957) also found the organic nitrogen
asparagine and peptone to be more readily utilized
than ammonium salts and sodium nitrate. Town-
send (1957) found asparagine, peptone and potas-
sium nitrate to support good growth while Darkwa
(1965) reported that asparagine, peptone, urea,
ammmonium chloride and ammonium nitrate were
by far better nitrogen sources than alanine and gly-
cine.

It is well-known that many bacterial and fungal
parasites arc themselves an assemblage of strains
differing genetically and liable to variation. The
effect of external nutrients on different S. rolfsii
strains in the country has not been studied. This
study was to investigate the possible effect of exter-
nal nutrients on different S. rolfsii strains in the
country.

MATERIALS AND METHODS

Isolation of S. rolfsii strains, maintenance of
stock cultures and preparation of inocula
Sclerotia, which are mature brown-coloured were
carefully removed with a pair of sterile fine forceps
from the host plant and rinsed in distilled water to
wash off any adhering soil particles. The sclerotia
were then surface-sterilized in 1.0% Sodium hy-
pochlorite for three minutes and then rinsed in three
changes of sterile distilled water and inoculated
onto sterile PDA in sterile Petri dishes. After 4 days
the growing mycelium was subcultured. A second
sub-culturing was done to ensure a completely pure
culture.

Five different strains of S. rolfsii were obtained at
different arcas in Legon and Achimota from two
host plants and given designation according to their
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sources as follows: Strain StXLL from X. mafaffa
Schott at Legon campus; strain SrXAl from X.
mafaffa Schott at West Legon; strain SrXA2 from
X. mafaffa at Achimota; strain StEL1 from Elaeis
guineensis Jacq at Legon campus; strain SrEL2
from E. guineensis Jacq at West Legon. Stock
cultures were maintained on potato dextrose agar
(PDA) slants in MaCartney tubes and stored in a
refrigerator. They were sub-cultured fortnightly.
The fungus was raised on PDA in sterile Petri
dishes for 4 days and the mycelium then used as
the inoculum whenever an experiment was to be
carried out. The inoculum was always taken from
the advancing edge of the culture. The five S. rolf-
sii strains were identified as different strains in
earlier studies by Tortoe and Clerk (2008). All
chemicals used in the investigation were from
Oxoid Limited, Basingstoke, Hampshire, England,
United Kingdom.

Fresh fruits of cucumber (Cucumis sativus L.)
used in ‘Pectolytic Enzyme Test’ were purchased
from Makola market in Accra on the day they
were to be used.

Media preparation

The different S. rolfsii strains were raised in sev-
eral synthetic liquid media and the amount of pec-
tolytic enzymes produced in them assessed by the
maceration method. The standard medium con-
sisted of Peptone, Magnesium sulphate (MgSOs.
7H,0), Potassium  dihydrogen  phosphate
(KH,P0,), Thiamine and distilled water at 1.0%,
0.5%, 0.1%, 0.005% and 1 litre, respectively. The
various media were made by adding different con-
centration of either Glucose or Pectin, referred to
as Glucose and Pectin media, respectively. The
Glucose or Pectin media contained the following
glucose or pectin concentrations: 0.5%, 1.0%,
1.5% and 2.0%. Other media, Glucose-Pectin me-
dia, contained both glucose and pectin in different
ratios as follows: 0.75% Glucose plus 0.25% Pec-
tin, 0.50% Glucose plus 0.50% Pectin, 0.25% Glu-
cose plus 0.75% Pectin.

The relative amounts of cellulolytic enzymes pro-
duced by the different S. rolfsii strains were as-

sessed using the following medium: 5.0g Potassium
nitrate (KNO;), 1.0g Potassium dihydrogen phos-
phate (KH,P0,), 0.5g Magnesium sulphate (MgS0;.
7H,0), 0.5mg Thiamine, 1.0g Yeast extract, 10ml
*Micronutrient solution in 1 litre distilled water.
*Micronutrient Solution consisted of 0.10mg Cop-
per sulphate (CuSO4.5H,0), 0.01mg Sodium borate

(NaB407.2H,0), 0.20mg  Ferrous  phosphate
(FeP04.2H,0), 0.02mg Magnesium  sulphate
(MnS04.5H,0), 0.02mg  Sodium  molybdate
(Na,MO,.2H,0), 0.15mg Zinc sulphate

(ZnS0,4.7H,0) and 1 litre distilled water.

Utilization of different carbon and nitrogen
sources by S. rolfsii strains

The ability of the different S. rolfsii strains to utilize
different carbon sources was investigated. The
common quantity of carbon source in laboratory
media, 1.0%, was used in this test. Five separate
preparations of a basal medium containing 1% Pep-
tone, 0.1% MgS0,.7H,0, 0.1% KH, PO,, 0.005%
Thiamine and 1 litre distilled water were made and
to which was added either 1.0% fructose, glucose,
maltose, starch or sucrose. Each preparation was
then divided into five lots and allocated to the five
S. rolfsii strains. The medium for each was then
dispensed in quantities of 30ml into four 250ml
Erlenmeyer flasks. All the flasks were then auto-
claved, cooled and each inoculated with 3mm -
mycelium disc of the test S. rolfsii strain. The in-
oculated flasks were incubated at 30°C for 6 days
and the mycelium harvested separately with filter
paper funnels and dried at 60°C for 24 hours. The
dry weight of the mycelium was then determined as
described above. The pH of the culture filtrate was
then measured. A reserve medium in each case was
autoclaved, cooled and the pH measured to provide
the initial pH of the medium. The pH of all media,
culture filtrates in the study was measured using a
pH meter (TOA pH meter, HM-60s. OSK - 11478,
Ogawa Seiko Co. Ltd., Ogawa, Japan).

The ability of the different S. rolfsii strains to utilize
Ammonium chloride, Ammonium nitrate, Aspar-
agine, Peptone and Sodium nitrate was determined.
Each of these nitrogen sources was incorporated at
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a concentration of 0.1% into a basal medium of
1.0% Glucose, 0.1% MgS0,.7H;0; 0.1% KH,POy,
0.005% Thiamine and 1 litre distilled water. Er-
lenmeyer flasks (250ml) each containing 30ml of
the test medium were inoculated with 3mm - my-
celium disc of the test S. rolfsii strain and incu-
bated at 30°C for 6 days. The dry weight of the
mycelium produced, the initial pH of the medium
and the final pH of the culture filtrate were meas-
ured.

Determination of relative concentration of pec-

tolytic enzymes in culture filtrates of the S. rolf-
sii strains

The experiment studied the duration for macera-
tion of thin discs of Solanum tuberosum and peri-
carp of Cucumis sativus immersed in the culture
filtrates to occur following the method used by
Cole and Wood (1961). Plugs, 1.0cm in diameter
were removed with a No. 8 cork borer from either
the S. tuberosum tuber or C. sativus pericarp and
placed separately in distilled water in Petri dishes.
Thin (1 mm) discs, 10mm in diameter, of either S.
tuberosum tuber or Cucumis sativus pericarp were
carefully cut with a surgical blade from the plug
and put in separate filtrates of 6-day-old cultures
of the test fungi grown in different types of glu-
cose, pectin and glucose-pectin media at 30°C.
The discs were washed in sterile distilled water
and the water drained on filter paper. Test filtrate
(2ml) in a mini-Petri dish (6cm diameter) was
adjusted to pH 5.0 by adding 0.5ml of 0.1M citrate
buffer of pH 5.0, and six discs were then intro-
duced. The duration taken by the constituent pec-
tolytic enzymes of the filtrate to macerate a total of
six discs was recorded and the mean calculated.
There were four replicates for each test, and the
mean enzyme activity (1/t x 100) calculated,
where t = mean time of maceration. The mycelium
dry weight and the pH of filtrate were measured at
the end of the growth period.

Utilization of cellulose as carbon source by S.
rolfsii strains

Cellulose is a major component of plant cell walls.
The ability of S. rolfsii strains to use cellulose as

carbon source was investigated. The experiment
measured indirectly the relative level activity of
cellulolytic enzymes in the culture filtrate of the
various S. rolfsii strains. Whatman's No. 3 filter
paper discs of 7cm-diameter were oven dried at 60°
C for 24 hours and weighed singly after cooling in a
desiccator. The filter paper was placed in a 250ml
Erlenmeyer flask containing 30ml of the synthetic
medium for assessment of production of cellulolytic
enzymes. Two different experiments were carried
out. In one experiment cellulose, in the form of
filter paper, was added to the medium as the carbon
source. In the other experiment, cellulose in the
form of filter paper was supplemented with 0.1%
glucose as a booster. The flasks were autoclaved
and the medium in each was inoculated with a 3mm
mycelial disc. Before autoclaving non-absorbent
cotton wool plugs were covered with cellophane to
prevent excessive water loss. The flasks were incu-
bated at 30°C for 7 weeks. There were four repli-
cates for each treatment. The remaining fragments
of the decomposed filter paper from each flask were
carefully collected into a pre-weighed aluminium
foil cap, dried at 60°C for 24 hours, and weighed.
The pH of the filtrate was measured after harvesting
the remains of the filter paper. The weight of the
constituent minerals of the media for cellulolytic
enzymes was subtracted from the dry weight of the
filter paper used by the fungus (Garrett, 1962;
Forbes and Dickson, 1977).

Determination of the dry weight of mycelium
Using a funnel-shaped previously dried and
weighed Whatman’s No. 1 filter paper the myce-
lium of cultures in liquid medium was collected.
The harvested mycelium with filter paper was dried
in an electrically heated oven (Gallenkamp oven
300 plus series, A. Gallenkamp and Co. Ltd. Lon-
don, England) at 60°C for 24 hours. The filter paper
carrying the dried mycelium was weighed after
being allowed to cool in desiccators. The dry
weight of the mycelium was then calculated.

Data analysis ]
Results were analyzed by employing one-way and
multifactor ANOVA using LSD test with Confi-
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dence Limits set at 95% performed for the com-
parison of the test means.

RESULTS

Growth of the different strains of S. rolfsii in
liquid medium with different carbon and nitro-
gen sources

The results on utilization of the different carbon
sources by the five S. rolfsii strains are presented
in Fig 1A. The utilization of the different carbon
sources could be arranged in the following de-
scending order S;EL2 > SrEL1 > SrXLL > SrXAl
> SrXA2 according to their mean dry weight (Fig
1A). Starch was least used by all the strains, fol-
lowed by fructose. However, glucose, maltose
and sucrose were superior to fructose and starch
and the strains used them to almost the same de-
gree. The best two carbon sources for growth of
strains SrXAl, SrEL1 and SrEL2 were maltose
and sucrose and those for strain SrXLL were glu-
cose and sucrose while the best carbon source for
strain SrXA2 was maltose followed by glucose
and sucrose which supported the production of the
same mean dry weight of mycelium. The pH of
the culture filtrates turned more acidic during 6

days growth of the strains in the carbon medium.
The initial pH was in the range of 4.6 - 4.8, whereas
the finial pH range was 1.8 - 2.4. Evidently, the
five carbon sources were utilized differently by the
five S. rolfsii strains.

Similar pattern as was observed in the utilization of
the nitrogen sources (Fig 1B). Strains SrEL2 grew
best in all the different media, followed by strains
SrEL1, SrXLL, SrXAl, SrXA2 in that order.
Strains SrXLL, SrXAl, SrXA2 and SrEL2 grew
best in the peptone-medium, while ammonium
chloride, ammonium nitrate, sodium nitrate and
peptone supported practically the same extent of
growth of strain SrEL1 (Fig 1B). Different nitrogen
sources were found to support the poorest growth in
different strains, Ammonium chloride and sodium
nitrate were least used by strains SrXLL, SrXAl,
and SrXA2. The smallest mean mycelium dry
weight of strain SrEL1 occurred in the asparagine
medium. However, the value of 0.10g was close to
those of the other media of 0.12g and 0.13g. With
Strain SrEL2, the smallest mean mycelium dry
weight occurred in the sodium nitrate medium. The
pH of the culture filtrates turned more acidic during
the growth of the strains in the nitrogen medium.
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Fig. 1: Mean dry weight of mycelium of different S. rolfsii strains grown in 30ml liquid medium with
different sources of (A) carbon and (B) nitrogen at 30°C for 6 days.

The culture filtrates showed an initial pH in the
range of 4.6 - 4.9 and final pH range of 2.0 - 2.9
after 6 days growth.

Relative concentration of pectolytic enzymes in
culture filtrates of the S. rolfsii strains

The maceration of plant tissues by pectolytic en-
zymes of facultative parasites and the degradation
of pure pectin by pectolytic enzymes in viscome-
ters are equally reliable and the former was used to
compare the amount of pectolytic enzymes pro-
duced by the different S. rolfsii strains.

The mean dry weight of mycelium formed in 6
days by each S. rolfsii strain increased with in-
creasing glucose concentration over the range of
0.5 - 2.0 per cent (Table 1). At glucose concentra-
tions of 1.0, 1.5 and 2.0 per cent, strain SrEL2
produced the highest mean mycelial dry weight,
although not statistically different from the amount
produced by some of the other strains. At all glu-
cose concentrations, Strain SrXA2 produced the
least mean mycelial dry weight, although the dif-

ference between that value and those of some of the
strains was not statistically significant. The pH of
all the media drifted from an initial pH 6.0 - 6.2 to a
final pH 2.0 - 3.4.

Growth of S. rolfsii strains in different pectin media
of 0.5, 1.0, 1.5 and 2.0 per cent concentration
showed similar pattern as with the glucose media.
The mean dry weight of mycelium formed in 6
days by each strain increased with increasing pectin
concentration from 0.5 to 2.0% (Table 2). Strains
SrXAl and SrXA2 produced the lowest mean my-
celial dry weights at all pectin concentrations. The
remaining three strains produced practically compa-
rable mean mycelial dry weight in each concentra-
tion of pectin. The pH of all the media drifted from
an initial pH 4.0 - 5.0 to a final pH 2.6 - 3.5.

The growth of S. rolfsii strains in media with differ-
ent Glucose-Pectin combinations shows that the
combination of 0.5% Glucose and 0.5% Pectin sup-
ported the greatest growth in strains SrXLL,
SrXAl, SrXA2 and SrEL2 (Table 3). The combi-
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Table 1: Growth of the five strains of S. rolfsii in 30ml of PDB with different concentrations of glu-
cose at 30°C recorded after 6 days of incubation

Glucose Initial Mean dry weight of mycelium + S.E (g) and final pH of filtrate of strain culture
concen- pH
tration SrXLL SrXAl SrXA2 SrEL1 SrEL2
(%o: wiv)
0.5 6.2 0.26 0.21 0.18 0.23 0.23
+0.01b +0.0lab +0.00a +0.01b +0.01b
3.2) 3.0 (3.2) (5.2) 3.4
1.0 6.2 0.34 0.31 0.31 0.31 0.35
+0.0la +0.0la +0.0la +0.0la +0.0la
(2.6) (2.5) (2.6) (2.6) 3.0
1.5 6.1 0.46 0.43 0.38 0.46 0.48
+0.01b +0.01b +0.01a +0.01b +0.01b
24) (2.3) 2.4) 2.4) 2.7
2.0 6.0 0.53 0.47 0.45 0.55 0.57
+0.01b +0.0la +0.0la +0.01b +0.01b
2.0) @.1) @.n 2.1) 2.3)

Values in parenthesis are final pH of filtrate of strain culture. Means in horizontal rows bearing the same letters are
not significantly different (P > 0.05)

Table 2: Growth of the five strains of S. rolfsii in 30ml of PDB with different concen-
trations of pectin at 30°C recorded after 6 days of incubation

Pectin con- Initial Mean dry weight of mycelium + S.E (g) and final pH of
centration pH filtrate of strain culture
(%: wiv) SrXLL SrxXAl SrxXA2 SrEL1 SrEL2
0.5 5.0 0.24 0.17 0.16 0.25 0.25
+0.0lb +0.0la +0.00a +0.00b +0.00b
(3.4) 3.4) (3.4) 3.4 (3.5)
1.0 4.6 0.25 0.22 0.19 0.23 0.28
+0.0lc +0.00b +0.0la +0.00c +0.00d
(3.3) (3.3) 3.4) 3.4) (3.5)
1,5 42 0.27 0.25 0.23 0.28 0.28
+0.00b +0.01ab +0.0la +0.00c +0.00c
(3.0) 3.0) @3.D (3.3) 3.2)
2.0 4.0 0.39 0.30 0.28 0.35 0.38
+0.00c +0.00a +0.0la +0.01b +0.01bc
2.7) (2.6) (2.8) - (3.0 (2.9

Values in parenthesis are final pH of filtrate of strain culture. Means in horizontal rows bearing the same
letters are not significantly different (P > 0.05).
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Table 3: Growth of the five strains of S. rolfsii in 30ml of PDB containing a combination of
glucose and pectin in different ratios at 30°C recorded after 6 days of incubation

Me(.iium with concen- Initial Mean Dry Weight of mycelium + S.E (g) and final pH
tration (% w/v) of pH of filtrate of strain culture
Glucose Pectin SrXLL SrXAl SrxXA2 SrEL1 SrEL2
0.75 0.25 4.6 0.39 0.32 0.30 0.39 0.41
+0.01b +0.0la +0.0la +0.0lb +0.01b
(2.7} & (2.6) (2.8) (2.8)
0.5 0.5 4.1 0.42 0.37 0.36 043 0.43
+0.0lb +0.0la +0.0la +0.0lb +0.01b
(27) (2.6) (2.5) 2.9) (2.9)
0.25 0.75 4.0 0.34 0.35 0.33 0.44 0.42
+0.02a +0.0la +0.0la +0.02b +0.01b
(3.0) (2.8) (2.9) 3.2) (3.2)

Values in parenthesis are final pH of filtrate of strain culture. Means in horizontal rows bearing the
_same letters are not significantly different (P > 0.05).

nations of 0.25% Glucose and 0.75% Pectin sup-
ported the greatest growth in strains STEL1. How-
ever, the highest value in all cases was not statisti-
cally different from the other values. The pH of
the media became strongly acidic during growth
of the fungi drifting from an initial pH 4.0 - 4.6 to
a final pH 2.5 -3.2.

The enzyme activity determined by maceration of
discs of tuber of S. tuberosum in culture filtrates of
all the S. rolfsii strains was far greater, ranging
from 6.8 - 8.4 per minute in culture filtrates of the
2.0% glucose medium than in the remaining three
media of lower glucose concentration (Fig 2A).
Media of glucose concentrations 0.5, 1.0 and 1.5
showed comparatively low enzyme activities in
the range of 1.6 - 2.2 per minute. Results show
that 2.0% glucose medium tests for Strain EL2
produced the greatest enzyme activity of 8.4 per
minute whereas Strains XAl and EL1 produce the
lowest enzyme activity of 6.8 per minute.

The greatest enzyme activity occurred in the culture
filtrates of the 2.0% glucose medium showing a
range of 11.7 - 13.3 when pericarp tissue of C. sati-
vus was used (Fig 2A). The enzyme activities of
filtrates of glucose concentrations of 0.5, 1.0 and
1.5% were from 2.9 to 6.4 per minute. The strains
fell into two groups at any of the glucose concentra-
tion. Higher levels of enzyme activity were re-
corded for strains SrXLL, SrXAl and SrEL2 and
lower levels for strains SrXA2 and SrEL1.

In pectin media, the high pectolytic enzyme activity
of 16.2 and 20.0 per minute occurred in filtrates of
2.0% pectin concentration for both S. tuberosum
and C. sativus tissues, respectively (Fig. 2B). There
was generally greater enzyme activity in filtrates of
Strains SrEL1 and SrEL2 than those of strains
SrXLL, SrXAl and SrXA2 in the pectin media.

The enzyme activities of the culture filtrates of the
five S. rolfsii strains growing in media containing
different combinations of glucose and pectin are
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Fig. 2A: Enzyme activity of filtrate of 6 day-old cultures provided with glucose in the growth
medium of the different S. rolfsii strains on S. tuberosum and C. sativus.
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Fig. 2C: Enzyme activity of filtrate of 6 day-old cultures provided with glucose and pectin combina-
tion in the growth medium, of the different S. rolfsii strains on S. tuberosum.

shown in Fig. 2C. Higher values of enzyme activ-
ity, from 14.1 - 16.6 per minute were found in the
0.50% Glucose plus 0.50% Pectin and the 0.25%
Glucose plus 0.75% Pectin than in the 0.75% Glu-
cose plus 0.25% Pectin of 7.5-7.9 per minute en-
zyme activity. In all the media concentrations,
pectin concentrations showed the highest enzyme
activity in the range of 9.8 - 20.0 per minute fol-
lowed by combination of glucose and pectin me-
dia in the range of 7.9 - 16.6 per minute and glu-
cose media in the range 1.6 - 13.3 per minute.

Utilization of cellulose as carbon source by the
five S. rolfsii strains
S. rolfsii strains SrXAl and SrXA2 utilized cellu-
lose to a greater extent than the remaining three
strains, with strain SrXA2 superior to strain
SrXAl (Fig 3). The mean percentage loss in dry
- weight of the filter paper of 62.5 and 68.8 % were
significantly different from values (43.8-50.0 %)
~ for the remaining three strains. There was only a

slight shift of pH of the media to the acidic side;
that is, from pH 5.3 to pH 3.9 and pH 4.1. The
results followed the same trend when 0.1% Glucose
was added to the medium (Fig 3). Strains SrXAl
and SrXA2 used the carbon sources to a greater
extent than the remaining three strains. Further-
more values for strain SrXA2 were superior to
those of strain SrXAl and the pH drifted slightly
from 5.1 to a final pH of 3.8 - 4.0. Weight loss de-
terminations of cellulolysis using filter paper
showed that the lowest cellulose breakdown oc-
curred in the SrXLL, SrEL1, and SrEL2 culture
vessels (Fig 3).

DISCUSSION

Based on the study the five S. rolfsii strains were
distinct by their ability to utilize carbon and nitro-
gen compounds. The five strains were distinguished
by their different levels of enzyme activity, which
indicates variation in production of oxalic acid and
cause damping-off of scedlings and soft rot at the

o
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Fig. 3: Mean dry weight of remaining filter paper and mean loss in dry weight of filter
paper (cellulose) in media inoculated with S. rolfsii strains

collar region, stem or root rot of many economic
crop (Aycock, 1966; Punja, 1985). Clearly evident
was the superiority of strains SrXAI and SrXA2 to
the other strains in the use of cellulose as carbon
sources. Relevant reports have confirmed that S.
rolfsii exists in a number of distinct strains which
differed sufficiently in morphology and physiol-
ogy (Almeida et al., 2001; Aycock, 1966; Ludwig
and Haltrich, 2002; Punja, 1985).

The host range of Sclerotium rolfsii is remarkable.
In most pathogenic fungi, variation within species
is common. Many parasites exist in various
forms, strains and varieties associated with spe-
cific hosts thereby widening the host range and
spectrum of host species. A typical example is
Fusarium oxysporum in which the various forms
are named after their specific host plants (Booth,
1971).

Comparing the utilization of carbon and nitrogen
sources indicated that carbon sources were utilized
to a greater extent than nitrogen sources by the dif-
ferent S. rolfsii strains which accounted for the de-
crease in pH caused by the secretion of large
amounts of oxalic acid into the culture filtrates
(Punja and Damiani, 1996). Ludwig and Haltrich
(2002) reported a similar pattern in the decrease of
pH from 5.0 to a range of 3.0 - 3.5 after 6 days of
incubation for various strains of S. coffeicola and S.
delphinii.

The maceration of plant tissues by pectolytic en-
zymes of S. rolfsii was enhanced in the pectin me-
dium with increasing pectin concentration from 0.5
to 2.0 per cent than combination medium of glucose
and pectin concentration followed by glucose con-
centration. In all cases the drift in pH is an indica-
tion of the release of oxalic acid into the culture
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filtrate. The more growth of the culture strain cor-
responded to more release of oxalic acid resulting
in a more shift to acidic pH (Ludwig and Haltrich,
2002; Punja and Damiani, 1996).

Cellulolysis by the different strains was not di-
rectly related to the ability to utilize the other car-
bon compounds. Cellulolysis involves a chain of
reactions and should not be compared directly
with utilization of soluble carbohydrates. The
difference observed might be due to differences in
the rates of reaction at the different stages of cellu-
lose breakdown by the different strains. What was
more striking was that cellulolysis was not af-
fected when a glucose ‘starter’ was added to the
medium. Many fungi in relevant studies had been
induced to break down cellulose better if glucose
‘starter’ was introduced. For example, filter paper
of identical weight lost 235.3, 191.4 and 80.1mg
when they were inoculated with Fusarium avena-
ceum strains 1, 2 and 3, respectively (Forbes and
Dickinson, 1977). In another series of the same
media, containing a glucose ‘starter’ the loss in
weight of the filter paper rose to 603.1, 570.0 and
606.7mg, respectively (Forbes and Dickinson,
1977).

The implication of the observation on cellulose
utilization by the S. rolfsii strains is that S. rolfsii
would use cellulose in plant tissues economically,
and the cellulose would not be exhausted too
quickly, even if soluble carbon compounds were
present. This suggests that the slowly-used cellu-
lose would contribute to the survival of the strains.
However, an extended survival would only be
possible if there were no cellulose decomposing
organisms growing in the same habitat.

CONCLUSION

The utilization of carbon, pectin and nitrogen by
fungus and the production of pectolytic and cellu-
lolytic enzymes into culture filtrates were parame-
ters by which a fungus species or strain can be
characterized. The five S. rolfsii strains were dis-
tinguished by their ability to utilize carbon and
nitrogen compounds to different extent. The dif-
ferent levels of enzyme activity of the strains indi-

cate variation in production of oxalic acid resulting
in a more shift to acidic pH. The superiority of
Strains XAl and XA2 to the other strains in the use
of cellulose as carbon sources was noted.
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