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BASAL REGIONS OF THE CORMELS OF THE DIFFERENT

FSII STRAINS AT 30°C OVER 8 DAYS

dry weight (g) in parenthesis by

thosoma sagittifolium variety

Weight loss(g) out of original
mean dry weight (g) in
parenthesis by the two regions

mankani Kyirepe’ ’Amankani pa’ of cormels of
Colocasia antiquorum
sical Basal Apical Basal Apical Basal
54) (0.48) (0.52) (0.49) (0:52) (0.46)
)540.01 0.0640.01 0.06+0.02 0.08+0.01 0.06+40.01 0.07+0.00
)7+0.01 0.09+0.01 0.10+0.00 0.12+0.01 0.09+40.01 0.12+0.00
1340.01 0.14+0.02 0.16+0.01 0.18+0.01 0.1740.00 0.21+40.01
6+4+0.01 0.18+0.01 0.18+0.02 0.1940.02 0.18+0.01 0.22+0.01
)8+0.01 0.0940.00 0.07+0.02 0.09+0.01 0.08+0.02 0.09+0.01
0£0.01  0.11+£0.02  0.09+0.01  0.1240.01  0.10+0.00 0.13+0.01
2+0.02 0.14+0.01 0.15+0.01 0.19+0.01 0.1540.02 0.1640.02
740.01 0.184+0.01 0.17+0.01 0.20+0.02 0.17+0.01 0.20+0.01
17+0.01 0.08+0.01 0.08+0.01 0.09+0.01 0.08+40.01 0.10+40.01
2+40.01 0.14+0.02 0.13+0.02 0.1340.03 0.12+4+0.01 0.16+40.01
4+0.02 0.174+0.01 0.1540.03 0.1740.01 0.19+40.01 0.224+0.02
9+0.01 0.21+40.01 0.1840.01 0.20+0.01 0.2340.01 0.26+40.01
4+0.01 0.0540.01 0.06+0.01 0.08+0.01 0.0740.01 0.0940.01
0+0.02 0.10+0.01 0.09+0.01 0.11+0.02 0.10+0.01 0.12+40.02
0+0.00 0.1240.00 0.1440.01 0.164+0.01 0.12+40.01 0.184+0.02
8+0.02 0.1940.02 0.1940.01 0.23+40.01 0.22+0.01 0.23+40.01
8+0.03 0.07+0.01 0.06+0.01 0.07+0.01 0.05+0.01 0.08+0.01
9+0.02 0.10+0.03 0.08+0.01 0.10+0.01 0.08+0.01 0.10+0.02
2+40.03 0.1140.01 0.1640.02 0.19+40.02 0.10+0.01 0.14+0.02
5+40.01 0.16+0.01 0.19+0.01 0.21+40.01 0.16+0.01 0.18+0.01

—
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Table 24 DEGRADATION OF TISSUES OF THE APICAL ANI
COCOYAM VARIETIES BY THE DIFFERENT S. R(

% Weight loss (calculated from data in Table 23) of the

Period f)f ‘Amankani fitaa’ ¥ Amankani fufuo’
S. rolfsii Incubation
strains
Apical Basal Apical Basal
XLL 2 11.5 15.6 11.1 12.2
4 28.3 34.8 14.8 17.4
6 38.5 45.7 17.0 24.0
8 44.0 46.0 30.0 40.0
XAl 2 113 19.6 14.8 18.8
4 19.2 277 15:1 19.6
6 35.8 44.4 26.0 30.6
8 42.3 52.2 37.3 46.7
XA2 2 9.6 17.4 17.3 22.2
4 13.2 26.7 28.8 341
6 34.5 41.3 30.8 40.0
8 43.1 54.3 38.0 47.7
ELI 2 15.1 20.0 13.0 19.6
4 19.2 2.0 231 31.0
6 35.8 43.5 32.7 41.3
8 45.1 52.2 38.9 51.4
EL2 2 13.2 16.7 5.4 20.0
4 26.7 22.2 26.4 28.3
6 30.2 40.0 35.8 45.7
8 42.6 51.1 42.6 52.2




SAL REGIONS OF THE CORMELS OF THE DIFFERENT
II STRAINS AT 30°C OVER 8 DAYS

regions of cormels of Xanthosoma sagittifolium variety % Weight loss (calculated
from data in Table 23) of the

two regions of cormels of

‘Amankani Kyirepe’ ‘Amankani pa’ :
Colocasia antiquorum

Apical Basal Apical Basal Apical Basal
9.3 12.5 - 11.1 16.3 11.8 14.6
12.5 19.1 19.2 25.5 17.3 255
23.6 29.2 30.2 37.5 33.3 44.6
32.0 40.0 34.6 38.8 34.6 48.8
15.7 19.1 13.5 18.0 15.4 18.8
18.2 23.9 17.0 25.0 18.9 28.3
21.8 30.0 28.8 39.6 28.8 35.6
30.9 3.3 33:3 40.0 32.1 42.6
12.7 16.7 L 18.0 | 2279
21.4 29.2 25.0 2%.7 23.1 333
25.9 33.3 29.4 34.7 35.8 48.9
34.5 44.7 34.6 40.8 43.4 56.5
79 10.4 11.8 16.7 13.2 18.8
18.2 20.8 17.6 23.4 18.9 24.5
18.5 25.0 28.0 34.0 23.1 38.3
34.0 41.3 373 47.9 42.3 43.9
14.5 15.2 11.3 17.5 9.8 16.7
17.3 213 15.4 22.2 15.4 20.8
22.6 23.4 30.2 41.3 19.2 31.1
30.2 34.0 36.5 45.7 30.8 375
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Plate. 15

Photograph showing mini-blocks of cormel of Xanthosoma sagirtifolium variety
‘Amankani fufuo’ covered by mycelia of the different S. rolfsii strains after 8
days at 30°C (x 1/3).

(from left: Strains XLL, XAl, XA2, ELI, EL2)
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EXPERIMENT 12

FORMATION OF SCLEROTIA BY THE FIVE S. ROLFSII STRAINS GROWING
ON CORMEL TISSUES OF THE DIFFERENT COCOYAM VARIETIES

The importance of the relationship between S. ro/fsii strains and cocoyam varieties
involves not only the susceptibility of the variety but also its role as substrate for
sclerotium formation, and hence the survival of the strain. Plates 16, 17 and 18 show
the sort of variation which was recorded in both growth and sclerotium formation in the
S. rolfsii strain - cocoyam variety combinations. The various data collected are tabulated

in Tables 25 and 26.

To summarise the major observations:

S. rolfsii Strains XLL and XA2 produced sclerotial initial earliest on the X. sagirtifolium
variety ‘Amankani pa? blocks, while Strains XA 1, ELI and EL2 produced the sclerotial
initials earliest on Colocasia antiquorum.

The longest time for the sclerotial initials of Strains XLL, XAl, EL1 and EL2 to appear
were recorded in cultures on X. sagiittifolium var. ‘Amankani kyirepe’.

The longest time taken by Strain XA2 to produce sclerotial initials was recorded on X.
sagittifolium var. *Amankani fufuo’ and Colocasia antiquorum.

The majority of the sclerotial initials matured in 24 hours. The longest time was 36
hours by Strain XLL sclerotial initials on X. sagirsifoilium var. ‘Amankani fitaa’ and
Strain EL2 on X. sagittifolium var. 'Amankani fitaa’ and X. sagittifolium var.

‘Amankani kyirepe’.
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There was a significantly heavier sclerotium production on the Colocasia antiquorum
blocks (plates 17 and 18).

The highest mean numbers of sclerotia on the blocks of X. sagirtifolium varieties formed
by Strains XLL, XAl, XA2, ELl and EL2 were 105, 157, 183,, 311, and 251
respectively. The corresponding mean numbers on the blocks of C. antiquorum were

280, 870, 633, 976 and 1,023 respectively.

The mean volume of 100 mature sclerotia formed on C. antiquorum was either identical
to that of sclerotia on the X. sagirrifolium varieties (Strains XLL, XAl and ELI) or

smaller in some cases (Strains XA2 and EL2).

Sclerotia of Strains XLL and EL2 had greater germination capacity than those of Strains

XAl, XA2 and EL1 (Table 26).

Sclerotia formed on the different cocoyam varieties did not germinate to the same degree.
Sclerotia of Strains XLL, XAl and EL2 formed on X. sagittifolium var. ‘Amankani
kyirepe’ germinated better than those formed on the other cocoyam varieties, while the
best substrate for Strains XA2 and EL1 was X. sagirifolium varieties ‘Amankani fitaa’

and '‘Amankani fufuo’ respectively.

114



Table 25

Formation of Sclerotia by the different S. rolfsii strains on

Xanthosoma

> Amankani fitaa’

S. rolfsii
SHAI a. Mean Time
(HRS) of first
appearance of
sclerotia Mean No. of Mean volume
b. Mean Time Sclerotia per (cm’) of 100
(HRS) after block after 12 mature scleroti:
which melanin days '
first developed
XLL a. 1444-9.8 80+8.2 0.20+0.0
b. 3646.9
XAl a 152+13.8 120+7.8 0.15+0.0
b 324+6.9
XA2 a 1324+6.9 137422.8 0.15+0.0
b 24+0.0
EL.] a 150+ 11.5 159+14.2 0.154+0.0
b 30+6.0
EL2 a 144+9.8 181+11.3 0.1840.0
b 36+6.9

115



on blocks of tissue of cormels of the different cocoyam varieties at 3(°C

na sagittifolium variety

> Amankani fufuo’
a. Mean Time
(HRS) of first
appearance of
1€ sclerotia Mean No. of Mean volume
) b. Mean Time Sclerotia per (cm®) of 100
‘otia (HRS) after block after 12 mature sclerotia
which melanin days
first developed
a. 150+6.0 70+12.9 0.204+0.0
b 24+0.0
a. - 150+6.0 157+16.1 0.1540.0
b 24+0.0
a. 138+11.4 128+7.2 0.18+0.0
b. 24+0.0
a. 138+11.4 160+ 10.6 0.15+0.0
b. 2440.0
a. 138+6.0 240+20.5 0.20+0.0
b. 2440.0
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’Amankani kyirepe’

Xanthosoma.  sagi ‘U‘J#Ce !;gg %

’Amankani pa’

Mean Time
(HRS) of first
appearance of
sclerotia

a.

Mean Time
(HRS) of first
appearance of
sclerotia

Mean No. of Mean volume
Mean Time Sclerotia per (cm?®) of 100 b. Mean Time
(HRS) after block after 12 mature (HRS) after
which melanin  days sclerotia which melanin
first developed - first developed
156+6.9 100+31.7 0.20+0.0 a. 132+6.9
24+0.0 b. 24+0.0
168+12.0 152+23.1 0.18+0.0 a. 126 +6.0
24+0.0 b. 24+0.0
128+6.9 183+15.9 0.15+0.0 2, 126+0.0
2440.0 b. 24+0.0
156+6.9 L724+11.5 0.15+0.0 a. 132+6.9
2440.0 b. 24+0.0
156+6.9 1854157 0.20+0.0 a. 132+6.9
36+6.9 b. 24+0.0




rieky

o/
Colocasia antiquorum
Mean Time
(Hrs) of first
appearance of
sclerotia
Mean No. Mean volume
of Sclerotia  (cm®) of 100 Mean Time Mean No. of Mean volume
ser block mature (HRS) after Sclerotia per  (cm’) of 100
after 12 sclerotia which melanin  block after mature
days first developed 12 days sclerotia
105+12.2 0.20+0.0 144+9.8 280+20.2 0.20+0.0
24+0.0
10747.9  0.15+0.0 12040.0 870+82.3 0.15+0.0
24+40.0
141 +21.1 0.1840.0 138+11.4 633+50.4 0.15+0.0
24+0.0
3114+9.5 0.154+0.0 120+0.0 976+67.1 0.15+0.0
24+0.0
251+6.9 0.20+0.0 1264+6.0 1023 +92.8 0.18+0.0




Table 26 Percentage germination of sclerotia f
different cocoyam varieties at 30°C (I

R

———

———

Ne——

Cocoyam variety Period of Percentage ger
Incubation the differ
(Hrs) XLL XAl
‘ Amankani fitaa’ 12 88.7 33.4
24 100 42.5
36 100 60.0
‘Amankani fufuo’ 12 80.0 52.5
24 95.0 76.3
36 100 92.5
‘Amankani Kyirepe’ 12 87.5 66.3
24 100 100
36 100 100
‘A mankani pa’ 12 77.5 38.8
24 915 56.3
36 100 63.8
Colocasia antiquorum 12 28.8 41.3
24 73.8 96.3
36 95.0 100
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formed by S. rolfsii strains on the
(Percentage germination on PDA plates)

ermination out of a total of 40 Sclerotia formed on
rent cocoyam varieties by the S. rolfsii strain

\ | XA2 EL1 EL.2
-+ 76.3 77.5 82.5
5 86.3 85.0 96.3
0 92.5 88.8 7.5
5 36.3 80.0 76.3
3 72.5 100 100
) 92.5 100 100
3 68.8 81.3 87.5

86.3 88.8 100
91.3 93.8 100
; 52.5 83.8 85.0
| 7.9 96:3 100
82.5 100 100
16:3 58.8 67.5
77.5 80.0 87.5

71.5 80.0 95.0




PLATE 16.

Photograph showing growth of S. rolfsii Strain EL2 and Strain XA2 on
30x30x5Smm blocks of Colocasia antiquorum (left) and Xanthosoma sagittifolium
variety ‘Amankani fitaa’ (right), respectively (x 2/3).
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PLATE 17.

Photograph showing extent of sclerotium formation at 30°C in 8 days by S. rolfsii
Strain EL2 and Strain XA2, growing on 30x30x5mm blocks of Colocasia
antiquorum (left) and Xanthosoma sagirrifolium variety ‘Amankani pa’ (right),
respectively (x 8/9).
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PLATE 18. Photograph showing extent of sclerotium formation at 30°C in 8 days by S. rolfsii
Strain EL1 and Strain XAl growing on 30x30xSmm blocks of Colocasia
antiquorun: (left) and Xanthosoma sagittifolium variety ‘Amankani pa’ (right),
respectively (x 8/9)
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V. DISCUSSION
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 speéiﬁc 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). Even though S. rolfsii attacks not
less than 189 plant species (Weber, 1931) the possible existence of strains with specific
hosts has not received sufficient attention. This is surprising as the hosts of S. rolfsii
include dicotyledonous and monocotyledonous plants and ferns. Relevant reports have
indicated that the fungus exists in a number of distinct strains. Isolates studied by Nakata
(1927), Takahashi (1927), Epps, Patterson and Freeman (1951), Weber (1931) and
Abeygunawardena and Wood (1957) differed sufficiently in morphology and physiology.
Epps, Patterson and Freeman (1951) used the phenomenon of aversion to identify strains.
This method was used in this study and the five isolates of S. rolfsii obtained from
Achimota and Legon were identified as strains (see Fig. 4 and Plates 6-9). This showed
that some morphological and physiological differences noticed among the five strains

were reliable indicators.

Because of the lack of sufficient number of incubators to provide a range of
temperatures, the optimum temperature for growth of S. rolfsii of 30°C reported by
Higgins (1927), Abeygunawardena and Wood (1957) and Darkwa (1965) was adopted

for the present investigation. The descending order of magnitude of growth of the five

120



strains XLL, XAl, XA2, ELI, and EL2 was the same for mycelial extensional growth
on PDA plates and mycelial dry weight in PDB. Strains EL1 and EL2 grew fastest on
the PDA plates and produced the heaviest mycelia in PDB (See Tables 1 and 3). The
greatest dry weights of the mycelia of the strains, all recorded after incubation for 6
days, were, however, not statistically different (see Table 3). Furthermore, autolysis
practically proceeded at the same rate in the broth medium and the amount of mycelia
broken down by autolysis in 6 days after the peak growth had been achieved was less
than 20 percent of the maximum mycelial weight in all strains (see Fig. 1). It has always
been appreciated that the weight of mycelium gave the better measure of growth, and the
results of the PDB experiment showing statistically similar peak dry weights, could be

used to compare growth of the strains instead of growth on the PDA plates.

There were, however, significant differences in sclerotial production and the number,
weight and size of sclerotia formed could be used to distinguish the strains. Strain XLL
stood out clearly among the strains. It formed the smallest number of sclerotia, but the
sclerotia were statistically the largest and heaviest (see Table 2). This relationship
between the number of sclerotia on one hand and the size and weight on the other hand
was noteworthy. If the larger sclerotia would produce more emerging hyphae on
germination than the smaller ones, the greater number of hyphae would compensate the
smaller number of sclerotia during establishment of Strain XLL in the habitat.
Abeygunawardena and Wood (1957) noticed somewhat similar distinguishing sclerotial

features in two strains they studied. Strain SR4 was isolated from tomato plants in Sri

121



Lanka and Strain SR7 from groundnut plants in Ghana. SR4 produced numerous
spherical sclerotia whereas SR7 produced a much smaller number of irregularly shaped

sclerotia.

There were also significant differences in mycelial dry weights when the fungi were
supplied with different carbon and nitrogen compounds. Strain EL2 consistently grew
better in all the media than the rest, with Strain EL1 a close second. All the values of
Strain EL2 were significantly greater than the corresponding values of Strians XLL,
XAl, and XA2 (see Tables 4-8 and Fig. 2). It seemed possible that the original hosts
of the strains had an influence on their physiological characteristics. Those from Elaeis

guineensis fruits grew better than strains isolated from Xanthosoma sagittifolium.

Cellulolysis by the different strains was not directly related to the ability to utilize the
other carbon compounds. Weight loss determinations of cellulolysis using filter paper
showed that the lowest cellulose breakdown occurred in the XLL, ELI1, and EL2 culture
vessels (see Table 14). 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 reactions at the different stages of cellulose

breakdown by the different strains.

What was more striking was that cellulolysis was not affected when a glucose 'Starter’

was added to the medium (see Table 15 and Fig.3). Many fungi in relevant studies had
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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 avenaceum isolates l,} and 3,respectively. In another.series
of the sar_n;: I;1ed-ia,‘ ;;I-lt-%iining 2-1- 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 celluiose 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 cellulose 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.

Root crop is a term used by agriculturists for all sorts of plant products which are formed
in the soil. Root crops include stem tubers such as Irish potato and yam (Dioscorea
spp.), root tubers of cassava (Manihor esculenta Crantz), tiger nut (Cyperus esculentus),
sugar beet (Beta vulgaris) and sweet potato (Ipomoea batata Poir.), rhizomes of ginger
(Zingiber officinale) and cormels of cocoyam etc. They have very high moisture content
like succulent fruits and vegetables and are together referred to as perishables. The
internal high moisture content allows active enzymatic action which leads to tissue
degradation. In addition, the high atmospheric temperatures and relative humidities
support rapid growth and metabolism of fungi and bacteria which attack the products and

cause rotting.
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Some of the organisms responsible for the rotting infect the products after harvest. Others, on the
other hand, are carried over from the field, and referred to as field infection. Field infection is the
more serious of the two as it is responsible for both pre-harvest and post-harvest losses. Cormels
of cocoyam and their associate rot fungus, S. rolfsii, belong to this category. There has been
hitherto, no studies on the susceptibility of the various cocoyam varieties cultivated in Ghana to this
widespread soil facultative parasite. Relevant studies have been duly carried out on the
pathogenicity of the five S. rolfsii strains on four varieties of Xanthosoma sagittifolium (' Amankani

fitaa', 'Amankani fufiio', 'Amankani kyirepe' and 'Amankani pa') and Colocasia antiquorum.

Although S. rolfsii belongs to the sub-division Deuteromycotina, it does not form conidia in nature.
In the absence of conidia, healthy cormels are normally attacked by actively growing mycelium in
the soil. There are two ways by which cormels could be infected. The mycelium may penetrate the
epidermis of the petioles and grow in the petiole and subsequently invade the cormel. The mycelium
may also enter the cormels through wounds. Plates 12, 13 and 14 show the progressive invasion of
the petioles of the growing cocoyam plants. Tables 18 to 22 also clearly indicate the rotting of

wound - inoculated cormels of all the five cocoyam varieties by the five S. rolfsii strains.



Strain XAZ2 caused the greatest rot followed by Strain XAl, and the least damage was
caused by Strains XLL and EL2. The rate of growth of a strain in culture alone could
not determine the extent of rot it could cause. For, in the experiments on growth of the
strains, Strain EL2 gave the highest values of mean mycelial dry weight in Potato
Dextrose Broth (see Table 3 and Fig. 1) and it utilized best the carbon and nitrogen
sources (see Table 4 and 5, and Fig. 2). It also had the greatest mean mycelial dry
weight in some of the Glucose-Pectin media (see Table 8). The activity of the fungi in
the cormels was certainly influenced by a combination of factors which deserve future
studies. Another supporting evidence for this view is that the culture filtrate of Strain

XA2 which caused the greatest rot did not show high Enzyme Activity (see Tables 9-12).

The probability that factors in infected tissues could alter observations in pure cultures
had been observed by many workers. Cole and Wood (1961), for example found that
there were more compounds in apple fruits rotted by Borrytis cinerea, Penicillium
expansum, Pyrenochaeta furfuracea and Sclerotinia fructigena than in sound apples.
There were greater. number of these compounds in extracts of apple rotted by P.
expansum and P. furfuracea than in extracts of rots produced by B. cinerea. This shows
that tissues rotted by different fungi, and also different strains, would contain different
products from the break-down of polysaccharides which may have different effects on

further activity of the rotting organisms.
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The course of events in the rotting process of plant tissues by facultative parasites is well
known. The parasite begins to grow into healthy plant tissue and starts to produce
pectinesterase and chain-splitting enzymes. The latter cause some degradation of cell
wall pectic substances and the pectinesterase de-esterifies some of the high molecular-
weight pectinases to form pectates. The cells of the host are killed, possibly as a result
of the action of pectic enzymes on the cell walls, and phenols are brought together with
host and parasite phenolases to form coloured oxidative products some of which

inactivate the chain-splitting enzymes (Wood, 1967).

In this investigation the rot did not extend uniformly from the inoculated spot. The rot
was wider near the exterior of the cormel and lesser penetration inwards as shown by the
data in Tables 18 to 22 and in Fig. 6. Because of the nature of the rot, it was not
possible to calculate the linear rate of advance of the strains through the cormels.
Gregory and Horne (1928) working with apple fruits which are spherical derived the
relation

V = (y/R)’ (8-3y/R) /16

between V the volume of the rot as a proportion of the volume of the apple, R the radius

of the apple and y the radius of the rot.

The slower growth of the fungi into the inner regions of the cormels might be due to

decreasing oxygen concentration with increasing depth.
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Different amounts of oxidative products might have been formed in the rotting cormels
of the different varieties resulting in difference in their susceptibility. Cormels of
Colocasia antiquorum were the most susceptible and the greatest extent of rot occurred
when they were inoculated especially with Strains XA2 and XAl (see Table 22). Among
the X. sagirtifolium varieties, ‘Amankani fitaa’ and 'Amankani kyirepe’ rotted to a
lesser extent than ‘“Amankani fufuo” and ‘Amankani pa’ (see Tables 18-21). No variety
could, however, be regarded as resistant. The cocoyam varieties could be considered as

showing varying degrees of vulnerability.

Taubenhaus (1919) and Weber (1931) isolated cultures of S. rolfsii from a number of
different crops, and cross-inoculated from one crop to another. Their results indicated
that the original cultures varied only slightly in their virulence on any given crop
regardless of the plant from which the cultures were originally isolated. No significant
differences among isolates were indicated. In another study of Epps, Patterson and
Freeman (1951), ali four strains of S. rolfsii tested on 12 crops infected all the plants.
The relative degree of susceptibility of the crops to the four strains varied only slightly.
It was stated that all four were capable of killing essentially all the plants if vigorous
inoculum was used. They furthermore reported that between two strains B and R, B
strain was slightly more virulent than the R strain, but the difference was inconsistent and
occasionally in the other direction. The results of the present investigation provide

another instance of the nature of strains of S. rolfsii.
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This view was supported by studies on the degradation of mini-blocks, measuring
10x10x5mm of the different cocoyam varieties placed on mycelia of the different §.
rolfisii strains. In that experiment the hyphae had greater access to the cormel tissues
and oxygen concentrations was not restricted. The varieties did not exhibit the same
order of susceptibility as was observed in the wound-inoculation experiments. X.
sagittifolium variety ‘Amankani kyirepe’ again consistently showed the smallest loss in
mean tissue dry weight (see Table 24). However, in contrast to the trend in the wound -
inoculation experiments, C. antiquorum showed a lesser loss in mean dry weight than
X. sagittifolium variety ‘Amankani fitaa’ - a less susceptible variety in the earlier

experiment. Indeed, this variety showed the greatest loss in mean dry weight (see Table

24).

Infection of the 3-month old cocoyam plants also showed a different trend. This maybe
due to the fact that the course of infection was different.

Mycelium from the soil would first form infection cushions on the petioles, followed by
penetration and invasion of the tissues. The length of period for infection to occur will
depend on the efficiency of breaching the epidermis and the rate of growth and activity
in the petioles. These processes occurred fastest in X. sagittifolium variety, 'Amankani
fitaa’, and slowest in ‘Amankani fufuo’ and ‘Amankani pa’ varieties (see Table 17).
This shows that an assessment of the degree of susceptibility of the different cocoyam

varieties to S. rolfsii should be based on the various aspects of the disease.
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Although the five cocoyam varieties are close in susceptibility, some are likely to play
a more significant role in the survival of S. rolfsii in the field than others. Colocasia
antiquorum consistently supported the production of the largest number of sclerotia when
blocks of cormels were inoculated with the various strains. The mean number of
sclerotia per block of X. sagirtifolium varieties ranged from 80 to 311, compared to a
range of 280 to 1023 sclerotia per block of C. antiquorum (see Table 25 and Plates 17

and 18).

Also, among the S.. rolfsii strains, Strain EL2 was the most prolific, confirming the
results in Table 2, with a mean range of 181 to 1023 sclerotia per block, and Strain XLL
the least productive with a range of 70 to 280 per block (see Table 23). Sclerotium
production should naturally be influenced by compounds in the cormels, because glucose
and other compounds have been found to influence sclerotium formation in S. rolfsii
(Abeygundawardena and Wood, 1957; Wheeler and Sharan, 1965). It is likely that C.
antiquorum cormel was a more favourable substrate. The constituents of the cormels of
the varieties should be investigated in future studies to verify this hypothesis.

In conclusion, there are strains of S. rolfsii with distinctive characteristics in Ghana.
Any studies concerning the species must involve as many strains as possible to provide
a balanced view of events. The five strains were not widely different in their
pathogenicity and it is reasonable to suggest that the five cocoyam varieties tested will

be vulnerable to many §. rolfsii strains in Ghana. In order to safeguard the stability of
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the soil ecosystem it is proposed that cultural practices should be used and they could be
relied upon to prevent catastrophic epidemics. The disease is easily detectable either by
the death of the large leaves or by the presence of the conspicuous clusters of sclerotia
on the infected plants. Infected plants should be removed and destroyed, the top soil in
the area should be dug in, and after harvesting, the thrash should be burnt. Since most
parts of the plant is eaten very little thrash is left behind and its disposal is less
formidable than it would seem. In addition to these field practices only sound cormels
should be stored so that the crop of the next planting season would be raised with clean

materials.
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(c).

VI SUMMARY
Five strains of Sclerotium rolfsii: XLL, XAl, XA2, ELI and EL2 were studied.
The five Strains inoculated onto PDA plates could be separated into three categories as
fast-growing, Strains EL1 and EL2, covering the plates in 72 hours; slow-growing,
Strain XA2, covering the plates in 96 hours; and the intermediate group, Strains XLL
and XAl, covering the plates in 84 hours. All the cultures had similar appearance.
In Potato Dextrose Broth peak mean mycelial dry weight was achieved by all the strains
in 6 days. Although Strain EL2 had the highest mean mycelial dry weight after 6 days
of incubation, the mean mycelial dry weights of all the strains were found not to be
statistically different.
Autolysis proceeded after the 6th day of incubation at different rates according to the
strains in the descending order of EL2, EL1, XAl, XA2, and XLL.
The pH of the media drifted from an initial of pH 5.3 - 6.1 to the acidic side of pH 2.4 -
3.3 during growth of the strains.
The five strains could be distinguished by the number of sclerotia formed, and by the
size and weight of the sclerotia.
Strain XLL produced significantly fewer sclerotia of 185 per Petri plate whereas Strains
XAl, XA2, EL1, and EL2 formed from 324 (o 364 sclerotia per Petri plate.
On the other hand Strain XLL had the largest sclerotia (mean diameter of 84.6um and
the heaviest sclerotia (mean weight of 100 sclerotia of 27.8x10°mg). The corresponding
values for the remaining four strains ranged from 58.3 to 76.9um and 21.7x107? to

26.0x10”mg.
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(d).
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The five strains could zlso be distinguished by their ability to utilize different carbon
compound. Taking all the carbon sources - fructose, glucose, maltose, starch and
sucrose - together, the strains could be arranged in the following descending order of
utilization: EL2 > ELI1 > XLL> XA1> XA2, on the basis of the mean dry weights of the
mycelia.

Starch was least used by all the strains, followed by fructose.

Glucose, maltose and sucrose were best used by each strain to almost the same degree.
Maltose and sucrose were the best two carbon sources for growth of Strains XAl, ELI
and EL2.

Glucose and sucrose were the best two carbon sources for growth of Strain XLL.
Maltose followed by glucose and sucrose were the best carbon sources for growth of
Strain XA2.

The order of response of the five S. rolfsii strains to the five Nitrogen sources -
Ammonium chloride, Ammonium nitrate, Asparagine, Peptone and Sodium nitrate - was
as observed with the carbon sources.

Strains XLL, XA1, XA2 and EL2 grew best in the Peptone - medium, while Strain EL1
grew to the same extent in Ammonium chloride, Ammonium nitrate, Sodium nitrate and
Peptone media.

Ammonium chloride and Sodium nitrate were least used by Strains XLL, XAl, and
XA2.

Strain EL1 recorded smallest mean mycelium dry weight in the Asparagine medium.

Strain EL2 recorded smallest mean mycelium dry weight in the Sodium nitrate medium.
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The mean dry weight of mycelium formed in 6 days by each S. rolfsii strain increased
with increasing glucose concentration over the range of 0.5 to 2.0 per cent.

At glucose concentrations of 1.0, 1.5 and 2.0 per cent, Strain EL2 produced the highest
mean mycelial dry weight although not statistically different from the amount produced
by some of the other strains.

Strain XA2 produced the least mean mycelial dry weight, at all glucose concentrations,
although the difference between that and those of some of the strains was not statistically
significant.

The mean dry weight of mycelium formed in 6 days by each strain increased with
increasing pectin concentration from 0.5 to 2.0 per cent.

The lowest mean mycelial dry weights at all pectin concentrations were produced by
Strains XAl and XA2.

Glucose - Pectin combination of 0.5% Glucose and 0.5% Pectin supported the greatest
growth in Strains XLL, XAl, XA2 and EL2.

The greatest growth in Strain EL1 occurred in combination of 0.25% Glucose and 0.75%
Pectin.

The 2.0% Glucose medium culture filtrates of all the strains produced in a tissue
maceration method using tuber of Irish potato, the greatest Enzyme Activity ranging from
6.8 to 8.4 compared to the low values of 1.6 to 2.2 at the lower glucose
concentrations.

At 2.0% Glucose concentration, Strain EL2 produced the greatest pectolytic Enzyme

Activity and Strains. XAl and EL1 the lowest.
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The 2.0% Glucose medium culture filtrates of all the strains also produced the highest
pectolytic Enzyme Activity ranging from 11.7 to 13.3 when pericarp tissue of Cucumber
was used. The pectolytic Enzyme Activity of filtrates of 0.5 to 1.5% glucose filtrates
of 0.5 to 1.5% glucose concentration ranged from 2.9 to 6.4.

The strains could be separated into two group at any glucose concentration: (i) Strains
XLL, XAl and EL2 which showed higher pectolytic Enzymes Activity and (ii) Strains
XA2 and EL1 which had lower pectolytic Enzyme Activity.

In pectin media, the greatest pectolytic Enzyme Activity occurred in filtrates of the 2.0%
pectin concemration-using both Irish potato tuber and cucumber pericarp tissues.

In Glucose - Pectin media the level of pectolytic enzymes in any one particular medium
was practically the same for all the five S. rolfsii strains.

In all the five strains, higher values of pectolytic Enzyme Activity, from 14.1 to 16.6,
were recorded in the 0.5% Glucose + 0.5% Pectin, and the 0.25% Glucose + 0.75%
Pectin media than in the 0.75% Glucose + 0.25% Pectin media of 7.5 to 7.9 pectolytic
Enzyme Activity.

S. rolfsii Strains XAl and XA2 utilized cellulose to a greater extent than the remaining
three strains.

Addition of 0.1% .(w/v) glucose as 'starter’ to the medium did not improve the
breakdown of the cellulose (filter paper).

No incidence of aversion occurred when two inocula of the same strain grew on the PDA
plate but pairing of two different strains showed incidence of aversion proving

conclusively that XLL, XA1, XA2, ELI and EL2 deserved to be recognized as true strains.
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17a.  Strains ELI1 and ELZ formed a mean number of 99 and 102 infection cushions per unit
area of 5x5Smm, respectively, on tomato fruits which were vastly greater than the mean

numbers of 34 to 39 by Strains XLL, XAl and XAQ2 ce—— ———

b. -The-re- was an inverse relationship between mean number of infection cushions and mean
diameters of the infection cushions. The infection cushions of Strains XLL, XAl and
XA2 had larger niean diameters of 12.7 - 18.0um and Strains ELI and EL2 had mean
diameter of 11.3um.

18a. Three-month old plant of five cocoyam varieties individually innoculated, by soil-
inoculation method, with the different S. rolfsii strains were all killed by the fungi in 20
days.

b. Infection proceeded slowest in X. sagittifolium var. ‘Amankani fufuo’ in which some of
the leaves still remained uninfected by the 16th day after inoculation.

c. Strains EL1 and EL2 infected all the leaves of X. sagittifolium var. ‘Amankani fitaa’ by
the 12th day and this variety was considered the most susceptible.

d. All the leaves of the remaining three varieties had been infected by the 16th day by all
the S. rolfsii strains.

19a.  Wound-inoculated cormels showed greater rot at the basal region of cormel than at the
apical region.

b. The diameter of the rot measured immediately bencath the cormel covering was greater
than the depth of the rot in all the cocoyam varieties.

G Strains XAl and XA2 caused the greatest diameter and depth of the rot both at the apical
and basal regions in all the cocoyam varieties and were considered most potent.

d. Considering growth in cormels of all varieties, Strain EL1 caused the least rot followed

by Strain EL2 and XLL.



20.

21a.

22a.

23,

24,

The cormels of the different cocoyam varieties were rotted to varying degrees by the
different S. rolfsii strains. The broadest rot diameter occurred in cormels of Colocasia
antiquorum inoculated with any of the S. rolfsii strains and Xanthosoma sagittifolium var.
‘Amankani pa’ cormels showed the deepest rot.

Blocks of tissue of the cormels of the different cocoyam varieties were degraded at
different rates. Blocks from the basal half were degraded to a greater extent than blocks
of the apical half.

Blocks of X. sagirtifolium var. ‘Amankani fitaa® lost the greatest dry weight and X.
sagittifolium var. ‘Amankani kyirepe’ the least.

Strains XLL and XA2 produced sclerotial initials earliest on the X. sagittifolium var.
‘Amankani pa’ blocks while Strains XA, ELI and EL2 produced the sclerotial initials
earliest on Colocasia antiquorum.

The majority of sclerotial initials matured in 24 hours.

A significantly heavier sclerotium production occurred on the Colocasia antiquorum
blocks. The mean number of sclerotia produced by Strains XLL, XAl, XA2, ELI and
EL2 on this variety was 280, 870, 633, 976 and 1,023, respectively. The corresponding
figures on blocks of X. sagirrifolium were 105, 157, 183, 311 and 251

No cocoyam variety was found to be resistant to the S. ro/fsii strains, at best the varieties
showed different degrees of vulnerability.

For a crop which is planted in small holdings and in mixed farming systems, the best
control against S. rolfsii would be achieved by cultural practices, as infected plants are

easily detectable in the farms.
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APPENDIX A

Initial pH of Potato Dextrose Broth and pH of the medium during growth of

the five strains of S. rolfsii at 30°C

Period of pH of culture filtrate strains

Incubation in Days XLL XAl X A2 ELI EL2
0 5.3 5.4 5.5 6.1 6.0
4 2.6 2.6 2.6 3.0 3.0
6 24 2.4 2.4 2.7 2.7
8 2.5 2.6 2.6 2.9 3.0
10 2.8 2.9 3.0 3.3 3.3
12 2.6 2.7 2.8 3.1 3.2
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