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Variation in the Fusarium section Liseola: pathogenicity and
genetic studies of isolates of Fusarium moniliforme Sheldon from
different hosts in Ghana
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Fusarium moniliforme, the imperfect stage of the ascomycete Gibberella fujikuroi, is an economically
important pathogen with a very wide host range. The genetic characteristics of isolates of the fungus
collected from different regions of Ghana from maize, rice and sorghum were determined using the
random amplified polymorphic DNA (RAPD) and restriction fragment length polymorphism (RFLP)
techniques. The pathogenicity of the isolates was also compared on maize and rice, DNA fingerprints
detected as RFLPs of ribosomal DNA and RAPDs separated the isolates into discrete groups which
were generally host-related. The possibility of a sub-structuring of the maize population of the fungus
into tissue-related subgroups was suggested by the results, A dendrogram of the relatedness of the
isolates is presented. However, the pathogenicity of the isolates on rice, measured by their ability to
cause 'bakanae' symptoms, did not resolve the isolates into the clearly defined groups suggested by the
genetic studies, and maize isolates of the fungus could cause 'bakanae' symptoms to the same extent as
rice isolates. Similarly, some isolates identified as rice-type isolates caused as much shoot stunting in
maize as maize isolates. However, the effects ofthe isolates on root growth of maize seedlings showed a
broad correlation with the defined genetic groups, with maize isolates of the fungus showing the
greatest tendency to cause root stunting

INTRODUCTION

Fusarium moniliforme, the conidial stage of
Gibberella fujikuroi, commonly infects a wide
range of crops throughout the world and is
considered a major parasite of the Gramineae,
particularly in tropical and subtropical regions,
resulting in severe economic losses estimated at
up to 50% (Webster & Gunnell, 1992), depend-
ing on the crop. The fungus is also pathogenic to
other crop species including mango, pineapple,
asparagus, cotton and pine (Varma et ai, 1974;
Dwindell et al., 1981; Li et al., 1992),

Field infection of rice (Oryza sativa) by the
fungus causes the disease known as 'bakanae'—a
Japanese word for 'foolish seedling' (ShurtlefT,
1980; Ou, 1987; Webster & Gunnell, 1992),
which is characterized by the appearance of tall
thin plants that markedly overgrow their
uninfected counterparts. Historically, the dis-
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covery of this disease and the observation that
sterile filtrates of the fungus could be used to
reproduce the disease (Gordon, 1960) led to the
discovery of the family of growth-promoting
substances called gibberellins.

On corn (Zea mays) the fungus causes stalk
rot, ear and kernel rot, damping-off and seedling
blight (Papellis & BeMiller, 1984; Styer &
Cantliffe, 1984; Headrick & Pataky, 1989;
Drepper & Renfro, 1990), and has been listed
as one ofthe major factors limiting the utilization
of opaque-2 (high-lysine) maize (UUstrup. 1971;
Loesch et al., 1976; Warren, 1978; Gulya et at.,
1980) as well as sweet corn hybrids with the
recessive mutant gene shrunken-2 (sh2) (Andregg
&Guthrie, 1981; Headrick & Pataky, 1989, 1991;
Headrick et al., 1990), The latter show extreme
susceptibility to the fungus, resulting in poor
stands, reduced seedling vigour, and a high
incidence of seedling blight. Economically, stalk
rots have been considered more important than
any other disease of maize, and F. moniliforme is
regarded as one of the major causal organisms
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(De Leon & Pandey, 1989; Drepper & Renfro,
1990). Losses resulting from stalk rots may occur
either directly due to lightweight and poorly
finished cobs, or indirectly at harvest because of
stalk breakage and lodging.

The extensive geographical occurrence of the
fungus and the range of diseases it causes on a
wide range of hosts raises questions about
whether or not isolates are pathogenic to hosts
other than those from which they were originally
obtained. Furthermore, it is not known whether
the isolates that occur on this diverse range of
hosts all represent a single population, or if
isolates from different hosts represent genetically
discrete populations.

This paper describes the pathogenicity of
isolates of F. moniliforme collected from maize,
rice and sorghum from different regions of
Ghana, and examines the molecular variation
within the fungal population as well as the
relationships between the isolates from the
different sources.

MATERIALS AND METHODS

Collection of fungal isolates

Fungal isolates were collected from several regions
in Ghana (Fig. 1 and Table 1) during the 1991
minor cropping season (September to December).
Surface-sterilized plant material was plated onto
potato dextrose agar (PDA) (Difco Hampshire,
UK) containing 133 mg/1 streptomycin stilphate,
either alone or in combination with penicillin at
30 mg/1 to suppress bacterial growth, and incu-
bated at 25°C with 12 h light (62-68 ^mol/m^/s)
for 48 h. Subsequently, single-spore cultures were
established on potato sucrose agar (Booth, 1971)
and on 2% water (distilled) agar (w/v) containing
6 g/1 KCl to confirm identification (Nelson et al.,
198 3). Stock cultures were maintained on V-8 jtiice
medium (Anonymous, 1983) and stored at 5°C in
sealed tubes until required for analysis. For lotiger
term storage, isolates were cultured on V-8 agar
slants, covered with sterile light-paraffin oil and
storedat 5 C.

Preparation of inoculum, culture filtrates and
DNA samples

Spore suspensions were prepared by flooding

Table 1. Geographical origin and host substrate of
isolates

Fig. I. Map of Ghana showing the locations where
colleclions were made.

Isolate

M-1
M-2
R-3
R-14
R-15
R-16
SOR-4
SOR-34
EG-27
EG-67
M-9
M-ll
M-43
M-50
M-47
M-5:
M.53
M-54
M.5
M-7
M-42
M-46

Host substrate

Maize stalk
Maize seed

Rice
Rice
Rice
Rice

Sorghum
Sorghum

Elephant grass
Elephant grass

Maize seed
Maize seed
Maize seed
Maize seed
Maize stalk
Maize stalk
Maize stalk
Maize stalk
Maize seed
Maize se«d
Mmze stalk
Maize stalk

Geographical origin

Kumasi. Ghana
Kumasi, Ghana
Kumasi, Ghana

Nyankpala, Ghana
Nyankpala, Ghana
Nyanki>ala, Ghana
Nyankpala, Ghana
Nyankpala, Ghana

Kumasi, Ghana
Kumasi, Ghana
Brekum, Ghana
Brekum, Ghana
Brekum, Ghana
Brekum, Ghana
Brekum, Ghana
Brekum, Ghana
Brekum, Ghana
Brekum, Ghana
Pokoase. Ghana
Pokoase, Ghana
Pokoue. Ghana
Pokoase, Ghana
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7-day-old cultures on potato dextrose agar with
water and dislodging the conidia with a sterile
glass rod. Mycelium was removed by filtering
through a single layer of sterile muslin and the
spore concentration was adjusted to approxi-
mately 1x10* microconidia/ml.

Culture filtrates were prepared by seeding
250 ml of autoclaved PDA (pre-autoclave pH
of 5-8) contained in 1-1 Roux bottles with
four 7-mm discs of mycelium taken from the
edge of 7-day-old cultures of the fungus on
PDA. The bottles were incubated at 25°C
with a 12-h photoperiod and laid fiat to
ensure the maximum surface-to-volume ratio.
After 12 days, the cultures were filtered
through two layers of sterile muslin and the
filtrate was sterilized by passing through 0-2-
fim pore-size filters (Nalgene). Autoclaved and
filter-sterilized liquid medium and sterile
distilled water served as controls.

For DNA extraction, cultures were grown for
4-5 days and filtered through two layers of sterile
muslin. The mycelium was washed with sterile
water, frozen in liquid nitrogen and freeze-dried.

Seedling tests

Two rice varieties, obtained from the Crops
Research Institute in Kumasi, Ghana, were used
in the study: IR 8348-36-3-3 and IR 35546-17-3-
1-3. These will be referred to as Rl and R5,
respectively.

Viable and fully filled rice seeds were sterilized
in 10% NaOCl for 10 min, rinsed with three
changes of sterile distilled water (SDW), and
soaked in SDW for 48 h at 26°C in the dark. The
seeds were then transferred to sterile Whatman
No.3 filter papers in 9-cm Petri dishes moistened
with SDW and incubated as described above for
a further 48 h. Five or six sprouting seeds were
then aseptically and randomly placed into each
sterile boiling tube and the test solutions were
pipetted into the tubes, allowing 0-2 ml per
sprout. Each tube constituted a replicate, and
there were three replicates per treatment. The
tubes were capped and placed in controlled
cabinets at 25°C with 16 h light (165/imol/m^/s)
for 7 days. As rice naturally infected with F.
moniliforme produces stem overgrowth symp-
toms, the height of seedlings treated with spore
suspensions or culture filtrate was taken as a
measure of pathogenicity (Ahmed et ai, 1986).

Seeds of the maize variety 'African' obtained
from India were carefully selected for uniformity,
and sterilized as described above for rice. Seeds

were then soaked in SDW for 24 h, plated on
Whatman No.3 filter paper moistened with
SDW, and incubated in the dark at 25°C for a
further 48 h when the radicle was just emerging.
A germinating seed was placed in each previously
sterilized tube and 0-5 ml of culture filtrate was
added per tube. There were eight replicates
per treatment. The tubes were capped and
placed in controlled cabinets at 30°C with
12 h light (165^mol/mVs). After four days,
0-5 ml of sterile potato dextrose broth was
added per tube and the tubes were replaced in
the cabinets for a further 3 days. Shoot length
was recorded in order to obtain a direct
comparison with the rice seedling data. In
addition, as root stunting has been reported
in maize seedlings infected by F. moniliforme
(Futrell & Kilgore, 1969), the length of the
first seminal root was recorded.

Extraction of totai genomic DNA

To the ground lyophilized mycelium of each
isolate in centrifuge tubes, 15 ml cetyltrimethyl-
ammonium bromide (CTAB) extraction buffer
(composed of 25 g sorbitol, 10 g sarkosyl, 8g
CTAB, 47 g sodium chloride, 8 g EDTA and 10 g
polyvinyl polypyrolidone (PVPP) per litre of
distilled water) was added per sample, shaken
vigorously and incubated at 65 C for 1 h. An
equal volume of chloroform was added, and the
tubes were shaken and centrifuged at 2500 rpm
for 20 min. The upper aqueous phase was
decanted into fresh centrifuge tubes, an equal
volume of ice-cold isopropanol was added, and
the tubes were stored in the freezer at -20 C
overnight. They were then centrifuged at
2500 rpm for 20 min, and the supematant was
decanted. The pellets were washed with 80%
ethanol, dried under vacuum, redissolved in TE
(lOmM Tris, 1 mM EDTA, pH 8 0) and stored at
4°C.

Random amplified polymorphic DNA marker
determination

The diversity among the isolates listed in Table I
(excluding M-1 and M-2) was analysed by
polymerase chain reaction (PCR) amplification
of genomic DNA using arbitrary oligonucleotide
primers. Four isolates of F. pallidoroseum
obtained from maize ear tip (FP45), maize seed
(FP63), maize stalk (FP62) and rice (FP17) were
included. Amplification reactions followed the
procedures of Williams ct ai (1990). Ten primers
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(OPTI, OPTIS. 0PT21). 0PU9. OPUIO. OPUl I.
GPL'17. OPVh. OPVI and OPVIO) (Operon
Technologies, Alamcda, CA. USA) were used,
Rcaciions were pi.'rrorincd in volumes of 50/(1
containing 2//1 dNTP (2.'!mM) (composed of
equal concontralions ol' dATP, dGTP. dTTP

and dCTP) (Pharmacia, Uppsala, Sweden), 25 ng
genomicDNA,0 2/ilpnmer(50/jM), 1 unitofTaq
polymerase (Boehringer Mannheim Ltd.), 5/il of
Taq buffer (x 10) and water. Amplification was
carried out in a DNA thermal cycler (Perkin Elmer
Celus. Norwalk, CT, USA) programmed for
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45 cycles of 1 min at 94°C, 1 min at 36°C and 2 min
at 72°C, using the fastest available transitions
between temperatures. A 15-^1 aliquot of ampli-
fication product of each primer-sample combina-
tion, together with 2 /xl of bromophenol blue, was
loaded into wells of 15% agarose gels and
electrophoresed at 90 V for about 7h, together
with a molecular size marker (Hind Ill-cut lambda
DNA). The gel was stained with ethidium bromide
and photographed on a UV trans-illuminator.

Digestion, blotting and hybridization

DNA {c. 1 /Ig) was digested to completion using
EcoRI endonuciease. Restricted DNA was size-
fractionated through 0-8% agarose gels stained
with ethidium bromide and the DNA was
visualized on a UV trans-illuminator. The
DNA was then transferred from the gels on to
nylon membranes (Hybond N-l-, Amersham
International, Amersham, UK) by alkaline
Southern blotting (Reed & Mann, 1985).

Probing was done using the plasmid pTA71,
which contains structural genes from wheat
encoding the RNA components of ribosomes
(Gerlach & Bedbrook, 1979). Preparation ofthe
probe followed the general methods of Sharp et
ai (1988) as modified by Nicholson et ai (1993),
and hybridisation followed the method of
Nicholson et ai (1993).

RESULTS

Random amplified polymorphic DNA (RAPD)
fingerprinting

RAPD fingerprints corresponding to the 20
isolates of F. moniliforme were scored visually
for the presence or absence of DNA bands and
the isolates generally resolved into three distinct
groups in terms of the banding patterns
produced with each of the 10 primers. Group 1
included the rice isolates R-3, R-14, R-15 and
R-16, and two maize isolates M-53 and M-54;
group 2 included the maize isolates M-9, M-11,
M-43, M-50, M-47, M-52, M-5, M-7, M-46 and
M-42, and the elephant grass isolates EG-27 and
EG-67; and group 3 consisted solely of the
sorghum isolates SOR-4 and SOR-34. Although
polymorphisms were frequently observed from
primer to primer, the fingerprints generated with
each of the primers were broadly conserved for
these groups and were easily distinguishable. The
results obtained with two of these primers, OPTl
and OPV6, are presented in Fig. 2a and Fig. 2b,
respectively. Isolates of F. pallidoroseum were
included only as non-F. moniliforme controls,
and were not included in any further analysis.

Only the major amplification products were
scored, and scoring was based on the assumption
that products of the same size in different
isolates were identical. Data obtained from

Isolate
M-46
M-52
M-47
M-42
M-50
EG-27
M-9
M-43
M-11
M-7
M-5
EG-67
SOR-4
SOR-34
R-16
R-14
R-15
R-3
M-54
M-53

Source
Maize stalk
Maize stalk
Maize stalk
Maizb stalk
Maize seed
E. Grass
Maize seed
Maize seed
Maize seed
Maize seed
Maize seed
E. Grass
Sorghum
Sorghum
Rice
Rk»
Rice
Rice
Maize stalk
Maize stalk

Geographic oriain
Pokoase
Brekum
Brekum
Pokoase
Brekum
Kumasi
Brekum
Brekum
Brekum
Pokoase
Pokoase
Kumasi
Nyankpala
Nyankpala
Nyankpala
Nyankpala
Nyankpala
Kumasi
Brekum
Brekum

60 70 SO
% Similarity

eo too

Fig. 3. Relatedness dendogram of F. monitiforme isolates from diflerent hosts and tissues based on RAPD
polymorphisms. Groups are labelled on the branches.
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the U) primers, which mcluded IW PCR-
gcncrutcd markers, were pooled together, and
ihc ii\crage hnk cluster analysis (ALCA)
(Cjordon. IWl). performed with Genstat 5
(Numerical .Mgorilhnis Group. Oxford. L'K).
was used to determine the relationships between
the isolates (Fij;, 3),

RFLPs of ribusumal DNA

l-'iiur patterns were observed umonj! the isolates
o^ ]•'. iiiiniilitiirmi- when A"!-"/{/-digested DNA
was probed wilh a '•P-labellcd plasmid contain-
ing wheat rDN.A, The rDN.A groups closel\
a<rrela(ed with the groups identified on the basis
of RAPDs, Isolates R-3. R-14. R-l 5.
R-lfi. M-5,^ and M-54 had idenlical profiles
v,•̂ n̂sl̂ lmg \'vl' thrcc Iragments of 4 (I. 2 7 und
II 5 kb, .All these isolates were located within a
Mngle branch i>f the dendrogram based upon
R,\PD patterns (Fis:, 3). and identified wilh
uroup one described in the R,APD anul\sis.
Isolates M-4h, M-52, M-4-'. M-42. M"-5(I.
l . G - r M-'), M-4.V M-11. M-7, M-5 and HG-h"?
all had ulentieal rDN,-\ profiles consistini: of four
iVaLMiients of 4 ii, 3 4. 2 "^ and ll .*> kb, and these
were also located on a single br.ineh of ihe
RAPD dendrogram, representinj: group iwo of
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the RAPD analysis (Fig, 3), The remaining two
isolates, SOR-4 and SOR-34 derived from
sorghum, had unique rDNA profiles of 4-0. 3-0
and 0-5 and 3-5.2 7 and 0-5 kb. respectively. Both
these isolates were contained on a single branch
of the RAPD dendrogram, and represented the
third group identified in the RAPD analysis (Fig,
3), E.xamples of the four rDNA profiles are
shown in Fig,.4. together with that of isolates of
F. patlitloro.wtiin (two fragments of 41 and
27kb)

Rice seedling tests

Four isolates, one each from maize stalk (M-1).
maize seed (M-2). rice (R-3) and sorghum
(SOR-4). were initialh used as spore suspensions
and culture filtrates in these tests. The objectives
of these preliminary experiments were to deter-
mine the effects of spore suspensions from the
different isolates on rice seedling growth, and to
determine whether the effects of spore suspen-
sions correlated with those ofthe culture filtrates
of the respecti\e isolates. The heights of treated
rice seedlings wore measured to the nearest
millimetre 7da\s after treatment (Fig 51,

In culti\ar /?/. spore suspensions from rice
isolate R-3 produced the lalleM seedlings, with a
mean height of 44")mm. whilst spore suspen-
sions obuiined from the mai/c stalk isolate M-1
produced the shortest seedlinas. with a mean
height of 2.Mmm The m>ii/e seed iM-2i and
sorahtim (SOR-41 isolates jlwa\s fell between
these extremes. Similar effects were obser\ed in

p
i
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Viu. S. I lU'il of spurc suspensions iSSl .ind culiuiv
l i l i i . i i c s ( I ' l I i i i i m iMil.iics o f t' i»i>/tii'iri>r»ic' from

dilK-K-ni svnircos on sccUling jirowth of i\\o not
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the cultivar R5; R-3 produced the tallest
seedlings, whilst M-1 produced the shortest
seedling. M-2 and SOR-4 again fell between
these extremes. Analysis of the data showed these
differences to be significant for Rl {P = 0025)
but not for R5 {P = 0100).

When culture filtrates were used, similar
relative effects were observed in both rice
cultivars; filtrates from R-3 caused the most
elongation, whilst filtrates from M-1 caused
stunting of the rice seedlings (Fig. 5). Analysis
of the data showed these differences to be
significant in both cultivars (P = 0-001 and
0-01, respectively, for Rl and R5). The data
also showed the effects of spore suspensions and
culture filtrates to be strongly correlated for
both rice cultivars (R^ = 0-902 and 0-879,
respectively, for Rl and R5). Other similar
studies have also shown close correlations
(R^ = 0-889 and 0-993, respectively) between
the effects of spore suspensions and culture
filtrates on seed germination of two maize
hybrids (Amoah, unpublished data). Therefore,
sterile culture filtrates of the fungus were used as
a substitute for the live fungus in subsequent
seedling tests.

Using culture filtrates, the test was extended to
include 20 isolates recovered from the different
host substrates in order to determine whether the
observed relative effects were consistent within

the groups of isolates from the different sources.
The results obtained with the cultivar R] showed
wide variation in the effects of the filtrates from
the different isolates on rice seedling growth (Fig.
6). Analysis of the data showed that the
differences due to the isolates were statistically
significant (P = 0-001). The two rice isolates R-3
and R-16 caused the greatest elongation in
seedling stems, although these were not signifi-
cantly different from the effects of some isolates
from maize and elephant grass, particularly the
isolates M-11, EG-67 and M-46 (SEM = 4-24),
indicating that the ability to cause elongation in
rice seedling stems is not a feature unique to rice
isolates of the fungus. Indeed, with the exception
of three isolates, M-9, M-50 and M-5, all the
isolates caused elongation in rice seedling stems
compared to the control, although the effects of
some of these, namely R-15, M-43, SOR-34,
EG-27, M-53, M-42 and M-7, were not signifi-
cantly different from the control. The effects
produced by the isolate R-15 further demon-
strated that not all rice isolates have the ability to
cause stem elongation in rice seedlings.

Maize seedling test

This test was designed to determine the effect of
filtrates of the fungus on maize seedling
perfonnance. All maize seedlings treated with

200-,

180-

160-

140-

Rice shoot height.

Maize shoot height

Maize root length

Isolate

Fig. 6. Effect of culture filtrates from Fusarium monitiforme isolates from difTerent sources on rice (Rl) and maize
seedling growth. CO, control.
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culture filtrates showed stunted shoot growth
when compared to the controls (Fig. 6), but no
clear pattern relating to the origin of isolates was
observed. Examination of seminal root length
showed a general, but not absolute, correlation
between the distinct groups as identified by the
RAPD data and their ability to cause stunting of
root growth (Fig. 6). With the exception of the
isolates M-53, M-54 and R-15 (even though
identified as rice-type isolates, these did not
produce effects consistent with their group), the
maize and elephant grass isolates showed a
tendency to cause greater reductions in root
growth than the rice and sorghum isolates.

DISCUSSION

The RAPD analysis resolved the isolates into
three discrete groups which appeared to be
generally related to the hosts from which they
were originally obtained. This is clearly demon-
strated in the dendrogram (Fig. 3). These groups
were confirmed by the RFLP analysis, providing
additional evidence that these groups constituted
discrete populations (Fig. 4). Further studies
(Amoah et ai, 1995) have demonstrated that the
groups identified by the RAPDs and rDNA
correlate with the distinct mating populations
identified by other workers (Hsieh et ai, 1977;
Kuhlman, 1982; Leslie, 1991).

The first branch in the dendrogram is
composed of isolates R-3, R-14, R-15 and
R-16, all of which were obtained from rice, and
isolates M-53 and M-54. The isolates M-53
and M-54, which were originally obtained from
maize stalk, were more closely related to the rice
isolates than they were to the maize population.
These are the only isolates that did not fall into
the host-related groups identified by the genetic
analysis. However, they were obtained from one
location, Brekum, which is in general not a rice-
producing area, and they may thus have
parasitized maize as an alternative host. The
effects of filtrates from these isolates on maize
seedling growth further demonstrate their ability
to cause stunting of seminal root growth. This
raises the question of whether the ability to
produce metabolites that cause stunting of maize
root growth has enabled these isolates to infect
maize, which may not be the preferred host.

The second branch is composed of isolates
obtained from maize and elephant grass
{Pettnisetum purpureum). This branch is interest-
ing for two reasons; it shows the closeness of
the relationship between the maize isolates and

the elephant grass isolates, and it demonstrates
the ability of the fungus to infect alternative
hosts. This may be important in maintaining
fungal survival and pathogenicity, and could
have considerable implications for epidemio-
logical studies in Ghana where elephant grass is
commonly a part of the ecosystem within which
maize is cultivated.

Variations were also observed in the second
branch which appear to relate to host tissues.
This interpretation is based on a rather small
number of isolates, but there is a clear sub-
structuring ofthe maize population ofthe fungus
into a seed group and a stalk group (Fig. 3).
This variation needs to be investigated using a
larger number of isolates, as it is of potential
importance in the development of disease
screens.

The third branch is composed of the two
sorghum isolates (SOR-4 and SOR-34). Each of
the sorghum isolates possessed a unique rDNA
profile indicating that polymorphism for this
marker is present within F. moniliforme.

Isolates of the fungus belonging to different
genetic groups were obtained from a single
location, suggesting that the differentiation of
the population into the discrete host-related
groups does not reflect geographical differences.
Furthermore, isolates that were determined to be
members of a group could be isolated from
more than one location. For instance, isolates
recovered from sorghum and rice from
Nyankpala were shown to be genetically
different, whilst a rice isolate obtained from
Kumasi produced similar DNA profiles to a rice
isolate from Nyankpala. Similarly, the apparent
sub-structuring of the maize population into the
seed and stalk subgroups does not appear to be
due to local effects, as isolates in these subgroups
were obtained from Brekum and from Pokoase,
towns nearly 260 miles apart.

However, the pathogenicity studies did not
resolve the isolates into distinct groups as
identified by the RAPD and rDNA poly-
morphisms. In the rice seedhng test, the greatest
elongation was produced by the two nee isolates
R-3 and R-16, but these were not significantly
different from the effects of other non-rice
isolates, such as M-ll, EG-67 and M-46. in
contrast with earlier observations by other
workers (Messiaen & Cassini. 1981). Whilst it is
significant that all the isolates that caused severe
stunting in rice seedlings were maize isolates, it is
also worth notmg that the effect;; produced by
the rice isolate R-IS were not significantly
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different from those of the control, indicating
that not all rice isolates have the ability to cause
elongation of dee stems.

The results of the maize seedling test provide
interesting observations. Firstly, maize does
not show the stem-elongating effects that
commonly occur when rice is treated with
filtrates from F. moniliforme, as all the isolates
included in the study caused a reduction in maize
shoot growth compared with the control (Fig. 6).
In addition to gibberellins, the fungus produces
toxins, including moniliformin, fusaric acid and
fumonisins (Marasas et ai, 1984; Joffe, 1986;
Gelderblom et ai, 1988), most of which exert
growth-retarding effects on plants. Thus stunted
growth may be a result of the inability of the
fungus to produce gibberellins, or it may be due
to the production of toxins with growth-retard-
ing effects. Indeed, when rice seeds were heavily
infected with the fungus, both stunted and tall
slender symptoms were exhibited in the field
(Viswanath-Reddy, 1965; Sun & Snyder, 1981).
Thus the type of symptom will depend on the
balance of toxins and growth regulators which,
in turn, is influenced by the strain of the fungus
and by nutritional and environmental conditions
(Webster & Gunnell, 1992).

Similarly, the effect of the isolates on maize
root growth did not refiect the groups determined
by the genetic analysis. All isolates caused a
reduction in root growth of maize seedlings.
Filtrates from maize and elephant grass isolates
generally caused the greatest reduction in seminal
root growth whilst, with the exception of isolates
M-53, M-54 and R-15, the rice and sorghum
isolates caused less stunting of root growth.
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