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Abstract: Millet is a cereal of enormous importance with potentials in the agricultural systems and food security
but it constitutes a neglected agrobiodiversity. Soil borne pathogenic fungi could be possible culprit to millet
cultivation in southwestern Nigeria. Therefore, this study investigates the pathogenic effect of isolated
Fusarium species from soil on millet seedlings under greenhouse conditions. Twenty-two Fusarium species
which were isolated from the soil samples collected at various cereal growing farm sites in southwestern Nigeria
were subjected to pathogenicity test on four varieties of millet namely; Pearl, Black fonio, Finger and Guinea
millets. The susceptibility of these millet varieties to Fusarium species shows Guinea millet > Finger millet >
Black fonio > Pearl millets. Guinea millet was significantly (p<0.05) susceptible compared to other varieties while
Pearl millet showed the highest resistant to all the Fusarium species in this study. However, the most
pathogenic Fusarium isolates on the millet varieties are F. anthophilum, F. verticillioides, F. oxysporum and
F. scirpi. The pathogenic effects of the Fusarium species in this study justified that the biocontrol strategy
needs to be put in place for sustainable cultivation of millet in south-western Nigeria.

Key words: Millet varieties Fusarium species  Pathogenicity  Soil-borne diseases

INTRODUCTION Africa is considered the home to important centres of

The  millets  are  cereal crops widely grown around (Pennisetum glaucum) and finger (Eleucine coracana)
the  world  that  serve  as  human  food  and  fodder. millets are global millets that originated from Africa while
Unlike  other important crops, this group of highly cultivars such as white fonio (Digitaria exilis), black
variable small-seeded grasses do not form  a  taxonomic fonio (Digitaria iburua) and guinea millets (Brachiaria
group,  but  rather  a functional  or  agronomic  one  [1]. deflexa) are characteristic of West African drylands.
They include species in several genera, mostly in the Hence, African farmers are custodians to an enormous
family Panicoideae, of the grass family Poaceaea while genetic diversity of these millets [3, 4]. 
only finger millet and teff are in the subfamily The average yield of millet crops worldwide was
Chloridoideae [2]. Millets are important cereal in many estimated as 0.83 tonnes per hectare with a nationwide
part of the world, this includes Asia, Africa, India, China, average yield of 3.3 tonnes per hectare [5]. The world’s
Japan, Egypt, Nigeria and Niger, with 97% of millet production of top millet in 2009 was reported as 26,706,849
production in developing countries [1]. The good tonnes, India was the world highest producers with
nutritional properties, adaptability to adverse productions of 8,810,000 tonnes followed by Nigeria with
agroecological conditions and requirement of minimal productions of 4,884,890 tonnes then Niger, Mali, China,
input are some of the distinctive attributes of Millets over Burkina Faso, Uganda, Senegal, Chad, Sudan and Ethiopia
many other cereals [3]. Thus, Millets represent critical were the order of productions capacity [5]. Millet have
plant genetic resources for the agriculture and food been reported to be affected by different diseases which
security especially for the inhabitants of arid and included but not limited to foliage diseases, head mold,
Marginal lands [3]. root diseases, smut and downy mildew [6]. The array of

origin, diversity and cultivation of millet [4]. Pearl
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the causative pathogens of these millet diseases ranges MATERIALS AND METHODS
from different species of pathogenic bacteria, fungal,
nematode and viral infections as highlighted by Wilson Source of Plant Materials: This study was carried out
and Claflin [7]. during the year 2012, the millet seeds which includes;

Fusarium species are cosmopolitan necrotrophic Black fonio (Digitaria iburua):, Pear (Pennisetum
pathogens of cereals, pulse crops and many other plants glaucum):, Finger (Echinochloa frumentaceae) and
important in Agricultural and forest landscape. This Guinea millet (Brachiaria deflexa)varieties were obtained
genus includes many pathogenic fungi and also have a from National Centre for Genetic Resources and
long array of specie mostly specialized for causing Biotechnology (NACGRAB), Ibadan, Oyo State, Nigeria.
diseases on specific crops. The type of disease induced
included root or stem rots, cankers, wilt, fruit or seed rots Collection of Soil Samples, Isolation and Identification of
and leaf diseases [8]. Epidemics of Fusarium diseases in Fusarium Species: Soil samples were collected from
recent years became more frequent, severe and various cereal growing farm sites across the five
widespread in many countries including Australia [9], ecological zones in south-western Nigeria (Fig 1.0).
South Africa [10], Kenya [11] and Japan. Fusarium Fusarium isolation from soil samples was carried out by
infections such as Fusarium-ear blight has been reported soil plate method according to Sobowale [15]. Each soil
as a destructive disease in various cereal-growing regions sample was crushed with the use of sterilized mortar and
[12]. This often leads to significant yield and quality pestle and sieved to obtain fine texture. The electronic
losses for farmers and to contamination of cereal grains gramme scale was used to measure 0.005 - 0.15g of the fine
with mycotoxins. Moreso, Fusarium pathogens grow well textured soil measured into each labelled and placed into
and produce significant inoculum on crop residues [13] sterile petri dish containing already poured Peptone
thus, the disease has been re-emerging in many cereal- Pentachloronitrobenzene Agar (PPA) medium while
growing regions worldwide [12]. F. andiyazi, F. nygamai, Spezieller Nährstoffarmer Agar (SNA) medium was used
F. pseudonygamai, F. thapsinum and F. verticillioides for identification of Fusarium isolates. 
have been reported to be associated with sorghum and Morphological identification of Fusarium isolates
millet [14] but the significant pathogenic effect of which involved observable characters on the cultured
Fusarium isolated from southwestern Nigeria on millet plates (rate of growth, pigment production, presence or
seedlings needs to be investigated. Therefore, this study absence of mycelium and colour of macroconidia in
investigates the pathogenic potentials of Fusarium sporodochia) and the microscopic identification which
species from southwestern Nigeria and also evaluates the involved distinctive structures and characters of
susceptibility of each millet variety to the pathogenic Fusarium  (phialides,   chlamydospores,   microconidia
Fusarium species. and   macroconidia).    The   identification   and  taxonomic

Fig. 1: Map of South-western Nigeria indicating various farm sites where soil samples were collected.
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classification was aided by the use of Fusarium 0 = Apparently healthy root or mesocotyl or crown
identification manuals: The Fusarium Laboratory Manual tissue
by John F. Leslie and Brett A. Summerell [8] and Fuskey 1 =  < 25% of tissue with disease rot symptoms 
Fusarium Interactive key by Keith Seifert [16]. 2 =  25-49% of tissue rotted 

Inoculum quantification and multiplication: A total of 3 = 50-74%, of the tissue rotted
already identified 22 Fusarium species were quantified. 4 = 75% or greater of the roots rotted
The mycelia growth of young cultures of each identified 5 = wilted or dead seedlings/completely rotted
Fusarium species were harvested, the solution was mesocotyl or crown tissue 
however sieved with double folded cheese cloth to allow
the passage of fungal spores which was later counted Statistical Analysis: The data gathered in this research
using haematocytometer. The spore suspension was then works were however subjected to Analysis of variance
readjusted to 3.1 x 105 spores / ml for this study. with Minitab version 15 [21] statistical software and

Pathogenicity Test of Fusarium Isolates: Seed (LSD) at 95% confidence level. 
sterilization: This was carried out acccording to the
method of Anderegg and Guthrie [17] and Daniels [18]. RESULTS
Each variety of viable millet seeds were treated separately
with 5% Sodium hypochlorite solution for 3 minutes and Disease Incidence and Severity of Fusarium Species on
then rinsed in two exchanges of sterile distilled water and Millet Seedlings: The incidence and severity of the
air dried in laminar flow for 2 hours. diseases caused by the twenty-two isolates of Fusarium

Screenhouse Experiment: Excavated top soil from the seedlings was assessed in this study. The disease
farm area of Botany Department, University of Ibadan was incidence curve (Fig. 2) illustrates the spread of Fusarium
sterilized using  electric   soil  sterilizer.  Already  sterilized disease across the replicates of millet seedlings planted
soil in pots which were arranged in Completely while the disease severity (Fig. 3) measures the
Randomized Design (CRD) were inoculated with 10ml of aggressiveness and the virulence of each Fusarium
already quantified (3.1x 105 spores / ml) spores of each species on the millet varieties. At day 7 after soil
Fusarium pathogen. After 24 hours, three millet seeds per inoculation, there was a significant (p<0.05) incidence of
variety were planted per pot and replicated three times, disease on Pearl and Black fonio millet by the Fusarium
alongside with the control (without the Fusarium species except Fusarium ramigenum, F. fujikuroi, F.
pathogens). Management practices such as thinning, circinatum and F. acutatum. However, at day 14 all the
wetting and weeding were carried out and Data on plant Fusarium species showed significant (p < 0.05)
height (cm), stem girth (mm2), leaf number and leaf area pathogenic effect on all the four millet varieties. Fusarium
(cm2) were obtained at day 7 and 14. poae, F. circinatum, F. acutatum and F. nygamai does

Disease Assessment, Data Collection and Analysis: from the control experiment on Pearl and Black fonio millet
Disease incidence rating: The percentage incidence of at day 7. There was no significant (p < 0.05) disease
infected millet seedlings was estimated as described by incidence on Finger millet by Fusarium fujikuroi, F.
Michel et al. [19]: phyllophilum, F. dlamini, F. ramigenum, F.

% Disease incidence = n / N x 100 control. Surprisingly, at day 14, all the Fusarium species

Where n = number of Plant showing diseased symptoms Fusarium acutatum and F. nygamai did not have any
with at least one leaf diseased. significant (p < 0.05) disease incidence on Pearl and Black

N = Total Number of sample used. Fusarium subglutinans was observed to have the most

Scoring of Disease Severity: This rating was developed at both day 7 and 14. Generally, Fusarium anthophilum,
based on the observable symptoms caused by the F. verticillioides, F. oxysporum and F.scirpi were the
pathogenic Fusarium species and also according to most significant (p < 0.05) pathogenic Fusarium species
Soonthornpoct et al. [20]. on millet varieties.

means were separated by Least Significant Difference

in the pathogenicity test on different varieties of millet

not show any significant (p <0.05) pathogenic differences

sporotrichoides and F. subglutinans compared to the

expressed disease symptoms on the four millet varieties.

fonio millet repectively (Fig. 2) at both day 7 and 14.

significant (p < 0.05) disease severity on Black fonio millet
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Fig. 2:  Percentage Disease Incidence of Fusarium Isolates on varieties of millet 

Fig. 3: Percentage Disease Severity of Fusarium Isolates on varieties of millet 

Pathogenic Effect of Fusarium Isolates on the Growth the pathogenic variation of the Fusarium species on all
Parameters of Millet Varieties: The results from the the millet varieties (Black fonio, Pearl, Finger and Guinea
growth parameters; plant height, stem girth, number of millet). With respect to the plant height and leaf area of
leaves and leaf area of the four varieties of millet obtained the millet varieties, Pearl millet showed susceptibility to
from the pathogenicity test of Fusarium isolates showed thirteen out of the twenty two Fusarium species under
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test thereby expresses the highest resistance to the The results obtained from the  stem girth parameter of
Fusarium  species  (Table  2).  Fusarium  phyllophilum, all the millet varieties showed significant (p<0.05)
F. napiforme, F. ramigenum, F. proliferatum, F. acutatum differences   when   compared   to   the  control
and F. andiyazi showed no significant pathogenic effect experiment, except F. poae treatment that is non
(p < 0.05) on  Pearl  millet,  while  Fusarium  dlamini  and pathogenic on Black fonio variety (Table 1), all the
F.  subglutinans  showed  pathogenicity  at  day 14 Fusarium  isolates  on  Black fonio and Pearl millet
(Table 2). Black fonio expresses more susceptibility to (Tables 1 and 2) shows high pathogenic effect on these
Fusarium diseases than Pearl millet although the variety varieties while Finger millet suppressed 72% of the
is resistant to Fusarium poae and F. acutatum (Table 1). Fusarium  species  at  the  initial  stage  but  at  day 14
All  the  Fusarium  isolates  however,  have   significant after   planting,    all    the    Fusarium    species  had
(p < 0.05) pathogenic effect on Finger and Guinea millet exerted  significant  (p < 0.05) pathogenic effects on
varieties (Tables 3 and 4). Finger millets (Table 3). Moreover, no significant (p <

In the leaf area assessment, Pearl millet which is 0.05) pathogenic effect was observed on the stem girths
proved as the most resistance among the varieties also of Guinea millet, except in the seedlings treated with F.
showed a significant (p < 0.05) level of resistance to solani (Table 4).
Fusarium phyllophilum, F. subglutinans, F. ramigenum Considering the effect of the Fusarium species on
and F. solani but found susceptible to fourteen out of the number of leaves, Pearl millet showed a considerable level
twenty-two Fusarium species when compared to the of resistance than other varieties at day 7, but at day 14
control (Table 2). Black fonio shows susceptibility to the Fusarium species showed high significant (p < 0.05)
sixteen Fusarium species at day 14 (Table 1) while Finger pathogenic effect on the millet varieties except in Pearl
millet and Guinea millet expresses total susceptibility to all millet treated with F. sporotricoides, however Black fonio
Fusarium  species  in  the  study  of  this  parameter expresses higher susceptibility at both days 7 and 14
(Tables 3 and 4). (Table 1).

Table 1: Growth parameters of Black fonio variety of Millet in the Pathogenicity Test of Fusarium species

Plant Height Stem Girth No of Leaves Leaf Area
------------------------------------ ------------------------------ -------------------------------- ----------------------------------

Isolates Day 7 Day 14 Day 7 Day 14 Day 7  Day 14 Day 7 Day 14

F. fujikuroi 6.77±2.11 19.30±2.25 1.32±0.28 2.24±0.46 2.67±0.58 5.00±0.00 1.44±0.78 4.55±0.78ab ab bc bc abc abc ab ab

F. poae 8.07±2.90 22.50±7.79 1.40±0.14 2.53±0.41 2.67±0.58 5.00±0.00 1.48±0.58 6.50±3.24ab abc bc bc abc abc ab ab

F. phillophilum 11.07±3.39 34.80±3.36 1.89±0.14 3.22±0.54 2.00±1.73 3.33±2.89 2.63±0.93 11.55±4.07bc bc cd cd ab a bc bc

F. napiforme 9.47±2.03 24.90±8.70 1.61±0.54 2.73±0.66 3.00±0.00 5.00±1.00 1.75±0.28 8.39±4.84bc bc bcd cd bc abc ab ab

F.dlamini 10.37±2.66 25.03±12.84 1.41±0.25 2.60±1.01 3.00±0.00 5.00±1.00 2.06±0.06 7.00±4.49bc abc bc bc bc abc ab ab

F.subglutinans 9.87±4.06 27.63±2.37 1.48±0.10 3.06±0.10 3.00±0.00 5.33±0.58 2.31±0.81 10.43±4.08bc abc bc cd bc abc bc bc

F.ramigenum 11.00±0.66 31.17±1.27 1.61±0.40 3.59±0.32 3.00±0.00 5.33±0.58 2.45±0.09 12.71±2.90bc bc cd cd bc abc bc bc

F. proliferatum 9.57±1.27 29.80±1.65 1.75±0.24 3.06±0.55 3.00±0.00 5.33±0.58 2.21±0.44 8.84±0.52bc bc cd cd bc abc abc ab

F.Solani 11.87±1.56 27.40±8.09 2.07±0.17 3.45±1.11 3.00±0.00 5.33±0.58 2.83±0.74 10.65±6.65bc abc cd cd bc abc bc bc

F.sporotricoides 8.30±1.31 29.07±5.65 1.81±0.28 3.26±0.36 3.00±0.00 5.67±0.58 1.72±0.28 8.02±2.31abc a cd cd bc bc ab ab

F. beomiforme 9.40±1.42 26.63±4.88 1.54±0.31 3.39±0.30 3.00±0.00 5.33±0.58 2.06±0.58 7.80±4.19bc abc cd cd bc abc ab ab

F. anthophilum 3.77±3.46 6.37±5.63 0.89±0.84 1.35±1.17 1.67±1.53 2.00±1.73 0.56±0.54 1.06±0.92ab a ab ab a a a a

F. verticillioides 6.90±2.18 24.40±4.57 1.74±0.25 2.66±0.36 2.67±0.58 4.67±0.58 1.39±0.81 7.41±3.61ab abc cd cd abc abc ab ab

F. circinatum 9.90±1.61 29.23±3.10 1.64±0.15 3.62±0.41 3.00±0.00 5.67±0.58 2.17±0.36 12.57±4.08bc bc cd cd bc bc abc bc

F. oxysporum 8.27±0.60 24.53±5.12 1.66±0.16 2.70±0.46 3.00±0.00 4.67±0.58 1.76±0.34 6.92±3.44abc abc cd bcd bc abc abc ab

F. scirpi 6.37±3.78 18.97±10.04 1.41±0.40 2.27±1.31 2.67±0.58 4.33±0.58 1.41±0.96 4.97±5.79ab ab bc bc abc abc ab ab

F. acutatum 11.47±0.75 35.20±0.79 1.51±0.46 3.52±0.50 2.67±0.58 5.33±0.58 2.19±0.31 12.90±1.90bc bc bc cd abc abc abc bc

F. globosom 8.60±0.36 23.50±1.30 1.71±0.21 2.86±0.30 3.00±0.00 5.00±0.00 1.58±0.13 7.08±0.50abc abc cd cd bc abc ab ab

F. redolens 10.33±1.29 30.70±3.72 1.71±0.06 3.12±0.30 3.00±0.00 5.67±0.58 1.89±0.42 11.71±4.06ab bc cd cd bc bc abc bc

F. nygamai 10.93±2.75 24.00±15.82 1.74±0.25 2.24±1.09 2.67±0.58 4.33±1.15 2.23±1.38 8.64±6.75bc abc cd bc abc abc bc ab

F.compactum 8.37±3.04 23.03±6.22 1.55±0.40 2.86±0.84 3.00±0.00 4.67±0.58 1.73±0.58 6.82±2.36ab bc c cd bc abc ab ab

F. andiyazi 11.17±1.40 32.43±4.68 2.56±1.11 3.16±0.26 3.00±0.00 5.33±1.15 2.13±0.34 11.60±2.93bc bc cde cd bc bc ab bc

Control 10.62±1.69 34.63±2.38 2.2±0.25 3.81±0.23 3.00±0.00 6.00±0.00 2.30±0.89 15.26±1.97bc bc cd de bc bc bc bc

Means by the same letter across the column do not differ significantly ( p  0.05)
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Table 2: Growth parameters of Pearl millet in the Pathogenicity Test of Fusarium species
Plant Height  Stem Girth  No of Leaves  Leaf Area
------------------------------------ ------------------------------ -------------------------------- ----------------------------------

Isolates Day 7 Day 14 Day 7 Day 14 Day 7  Day 14 Day 7  Day 14
F. fujikuroi 7.10±6.30 20.23±17.54 1.25±1.09 2.30±1.99 2.00±1.73 3.33±2.89 1.72±1.50 8.57±7.68ab ab bc bc ab ab ab ab

F. poae 11.17±1.89 30.93±7.42 1.68±0.26 4.11±0.75 3.00±0.00 5.33±0.58 3.06±0.49 14.12±3.30bc bc cd de bc bc bc bc

F. phillophilum 6.80±5.89 17.90±15.52 1.28±1.11 2.30±1. 99 2.00±1.73 3.67±3.21 1.43±1.26 6.62±5.74ab ab bc bc ab ab ab ab

F. napiforme 6.03±5.81 20.20±18.25 1.48±1.31 2.96±2.61bc 2.00±1.73 4.00±3.46 1.52±1.63 9.57±9.05ab ab bc ab ab ab abc

F.dlamini 7.53±5.93 16.20±14.54 1.58±0.52 2.14±1.99bc 2.33±0.58 2.67±2.31 2.06±1.71 4.48±4.31ab ab bcd ab a ab ab

F.subglutinans 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00
F.ramigenum 6.17±3.49 23.57±6.14 1.58±0.52 2.96±0.49 2.67±0.58 5.00±0.00 1.49±1.01 8.14±3.51ab abc bcd cd abc bc ab ab

F. proliferatum 7.17±6.42 17.70±15.42 1.20±1.04 2.14±1.87 2.00±1.73 3.00±2.65 1.87±1.71 7.05±6.16ab ab bc bc ab ab ab ab

F.Solani 2.93±3.86 16.97±15.38 1.25±1.09 1.81±1.59 1.67±1.53 3.00±2.65 0.50±0.67 5.97±6.34a ab bc bc a ab a ab

F.sporotricoides 7.13±1.39 22.30±9.40 1.91±0.11 2.96±0.85 3.00±0.00 5.00±1.00 1.55±0.18 7.24±4.63ab abc cd cd bc bc ab ab

F. beomiforme 7.00±6.06 22.30±19.31 1.32±1.14 2.80±2.43 2.00±1.73 3.67±3.21 1.97±1.71 8.33±7.21ab abc bc cd ab ab ab ab

F. anthophilum 10.87±2.39 32.77±3.63 1.84±0.11 3.62±0.57 2.67±0.58 5.67±0.58 2.38±0.81 16.70±2.27bc bc cd cd abc bc bc bc

F. verticillioides 8.03±2.71 26.13±1.76 1.89±0.14 3.62±1.14 2.67±0.58 5.33±0.58 1.87±0.74 11.97±1.55ab abc cd cd abc bc ab bc

F. circinatum 7.57±6.71 19.37±16.61 1.48±1.31 2.40±0.40 2.00±1.73 3.67±2.52 1.70±1.56 7.78±8.57ab ab bc bc ab ab ab ab

F. oxysporum 3.27±3.84 16.70±14.54 0.99±0.85 1.91±1.65 1.67±1.53 3.00±2.65 0.69±0.78 6.70±6.02a ab ab bc a ab ab ab

F. scirpi 10.17±2.94 32.20±3.31 1.97±0.00 3.78±0.15 3.00±0.00 5.33±0.58 2.55±0.45 15.05±1.85bc bc cd cde bc bc bc bc

F. acutatum 3.83±2.08 23.93±7.58 1.74±0.37 3.62±0.57 1.67±0.58 4.33±1.53 0.76±0.74 7.88±2.48ab abc cd cd a ab ab ab

F. globosom 6.67±4.99 29.63±5.02 1.69±0.19 3.62±1.14 3.00±0.00 5.00±1.00 2.35±0.54 13.17±1.61ab bc cd cd bc bc bc bc

F. redolens 8.63±1.70 28.00±1.15 1.61±0.23 3.69±0.45 2.67±0.58 5.33±0.58 1.99±0.42 12.07±6.06abc abc cd cd abc bc ab bc

F. nygamai 6.23±5.81 20.93±19.70 1.15±1.03 2.47±2.47 1.67±1.53 3.33±2.89 1.16±1.11 7.61±7.20ab ab bc bc a ab ab ab

F.compactum 6.67±5.88 18.50±16.11 1.28±1.11 2.01±1.74 1.67±1.53 3.33±2.89 1.44±1.27 5.18±5.09ab ab bc bc a ab ab ab

F. andiyazi 4.77±5.02 11.77±10.31 1.18±1.02 1.55±1.34 1.67±1.53 3.00±2.65 1.01±1.16 1.91±1.93ab ab bc bc a ab ab a

Control 9.60±0.53 33.63±0.40 1.87±0.04 4.42±0.11 3.00±0.00 5.00±1.00 2.32±0.06 10.17±2.14bc bc cd de bc bc bc bc

Means by the same letter across the column do not differ significantly (p  0.05)

Table 3: Growth parameters of Finger millet in the Pathogenicity Test of Fusarium species
Plant Height Stem Girth No of Leaves Leaf Area
------------------------------------ ------------------------------ -------------------------------- ----------------------------------

Isolates Day 7 Day 14 Day 7 Day 14 Day 7  Day 14 Day 7 Day 14
F. fujikuroi 12.30±2.00 20.23±6.15 1.58±0.30 1.97±0.00 3.00±0.00 3.67±0.58 3.45±0.95 6.11±3.12bc ab bcd bc bc ab bc ab

F. poae 10.13±4.48 28.07±19.47 1.25±0.46 2.96±1.78 2.33±0.58 3.67±1.53 2.35±1.92 11.37±12.60bc abc bc cd ab ab bc bc

F. phillophilum 11.83±2.36 28.37±3.13 1.94±0.06 3.62±0.57 2.67±0.58 4.33±0.58 3.52±1.33 7.85±1.89bc abc cd cd abc abc bc ab

F. napiforme 12.97±2.25 27.50±9.37 1.87±0.17 3.29±1.14 3.00±0.00 4.33±1.15 3.76±1.53 10.30±5.78bc abc cd cd bc abc bc bc

F.dlamini 9.20±2.96 24.27±1.39 1.71±0.21 2.94±0.41 2.33±0.58 4.00±0.00 2.66±1.01 7.64±2.39bc abc cd cd ab ab bc ab

F.subglutinans 9.57±1.63 25.87±4.05 1.74±0.21 2.43±0.45 2.33±0.58 4.00±0.00 2.29±0.97 6.39±2.51bc abc cd bc ab ab bc ab

F.ramigenum 8.57±3.43 27.30±7.26 1.53±0.56 2.79±0.42 2.33±0.58 4.00±1.00 2.26±1.06 10.17±5.14abc abc bc cd ab ab bc bc

F. proliferatum 11.43±4.63 32.10±13.90 1.53±0.50 3.69±1.55 2.67±0.58 4.67±1.53 2.92±1.76 14.11±10.28bc bc bc cd abc abc bc bc

F.Solani 10.53±0.75 33.17±3.00 1.87±0.10 3.85±0.64 2.67±0.58 5.00±0.00 2.64±0.27 13.32±3.25bc bc cd de abc abc bc bc

F.sporotricoides 5.57±3.61 13.87±17.77 1.64±0.57 1.68±1.59 2.33±0.58 3.00±2.65 1.17±0.87 5.52±8.45ab a cd bc ab a ab ab

F. beomiforme 10.03±4.00 26.87±1.14 1.81±0.30 3.12±0.75 2.33±0.58 4.33±0.58 2.36±1.56 10.07±3.57bc abc cd cd ab abc bc bc

F. anthophilum 9.87±4.05 25.50±8.98 1.84±0.11 2.94±0.41 2.33±0.58 4.67±0.58 2.50±1.25 10.50±5.72bc abc cd cd ab abc bc bc

F. verticillioides 4.93±5.22 17.67±17.45 0.95±0.94 1.88±1.66 1.33±1.15 3.00±2.65 1.08±1.18 6.40±7.26ab ab ab bc a a ab ab

F. circinatum 9.80±4.18 24.37±13.19 1.86±0.12 3.00±1.05 2.00±0.00 4.33±1.15 2.21±1.73 9.72±9.39bc abc cd cd ab abc ab abc

F. oxysporum 11±1.35bc 30.20±4.50 1.91±0.11 3.29±0.57 2.33±0.58 4.67±0.58 2.64±0.42 12.80±3.39bc cd cd ab abc bc bc

F. scirpi 9.20±1.91 18.57±18.26 1.61±0.40 2. 37±2.09 2.00±0.00 3.00±2.65 2.14±0.60 8.97±10.15bc ab cd bc ab a ab ab

F. acutatum 11.77±3.90 21.83±15.25 1.64±0.57 2.80±1.24 2.67±0.58 3.67±1.53 3.05±1.72 12.37±10.25bc abc cd cd abc ab bc bc

F. globosom 11.53±2.98 32.27±2.02 1.71±0.46 3.36±0.52 2.67±0.58 5.00±0.00 2.88±1.21 12.57±1.89bc bc cd cd abc abc bc bc

F. redolens 10.57±1.29 32.27±1.97 1.68±0.17 3.62±0.57 2.67±0.58 5.00±0.00 3.05±0.32 15.74±2.28bc bc cd cd abc abc bc bc

F. nygamai 10.60±1.15 23.50±7.13 1.72±0.21 2.27±0.6 3.00±0.00 3.67±0.58 2.91±0.44 5.95±2.69bc abc cd bcd bc ab bc ab

F.compactum 10.17±4.67 23.83±1.85 1.48±0.49 3.36±0.52 2.33±0.58 5.00±0.00 2.98±1.89 10.81±3.22bc abc bc cd ab abc bc bc

F. andiyazi 9.77±1.68 22.90±14.07 1.94±0.06 2.61±0.98 2.33±0.58 4.00±1.00 2.20±0.42 9.36±7.96bc abc cd bc ab ab ab abc

Control 14.53±0.87 39.77±0.67 2.04±0.06 4.60±0.57 2.67±0.58 5.00±0.00 4.62±0.50 22.84±2.60bcd bcd cd de abc abc cd cd

Means by the same letter across the column do not differ significantly (p  0.05)
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Table 4: Growth parameters of Guinea millet in the Pathogenicity Test of Fusarium species
Plant Height Stem Girth No of Leaves Leaf Area
------------------------------------ ------------------------------ -------------------------------- ----------------------------------

Isolates Day 7 Day 14 Day 7 Day 14 Day 7 Day 14 Day 7 Day 14
F. fujikuroi 13.13±0.81 29.00±5.92 0.73±0.09 0.89±0.09 3.00±0.00 5.00±0.00 2.40±0.52 7.69±2.60bc bc ab ab bc abc bc ab

F. poae 14.70±0.78 35.20±1.95 0.73±0.09 0.95±0.02 3.00±0.00 6.00±0.00 3.42±0.59 7.89±1.65bc bc ab ab bc bc bc ab

F. phillophilum 11.47±2.80 27.80±2.11 0.73±0.09 0.79±0.16 3.00±0.00 5.00±0.00 2.14±0.69 5.12±0.27bc abc ab ab bc abc ab ab

F. napiforme 13.07±4.13 30.13±3.33 0.68±0.09 0.82±0.19 3.00±0.00 4.67±0.58 2.86±1.09 6.12±1.37bc bc ab ab bc abc bc ab

F.dlamini 11.53±5.76 30.40±10.13 0.67±0.10 0.88±0.17 2.67±0.58 4.67±0.58 2.75±1.66 10.25±5.73bc bc ab ab abc abc bc bc

F.subglutinans 14.03±1.55 32.37±2.30 0.68±0.09 0.99±0.29 3.00±0.00 5.67±0.58 3.00±0.45 7.66±1.60bc bc ab ab bc bc bc ab

F.ramigenum 11.73±1.07 29.70±2.98 0.68±0.09 0.89±0.09 3.00±0.00 6.00±1.00 1.90±0.20 7.00±1.18bc bc ab ab bc bc ab ab

F. proliferatum 15.77±1.86 33.37±2.01 0.77±0.17 0.85±0.65 3.00±0.00 6.00±1.00 3.57±0.62 9.88±8.04cd bc ab ab bc bc bc abc

F.Solani 12.43±2.75 31.40±5.80 0.63±0.00 0.80±0.17 3.00±0.00 5.00±0.00 2.51±0.83 8.16±4.25bc bc ab ab bc abc bc ab

F.sporotricoides 12. 50±3.54 35.27±1.18 0.68±0.09 0.93±0.02 3.00±0.00 5.33±0.58 4.10±1.04 10.98±3.48bc bc ab ab bc abc cd bc

F. beomiforme 11.37±2.22 28.80±4.62 0.62±0.02 0.77±0.14 3.00±0.00 5.00±0.00 2.35±0.88 8.52±3.31bc abc ab ab bc abc bc ab

F. anthophilum 9.17±7.51 23.23±20.38 0.52±0.45 0.64±0.55 2.00±1.73 3.67±3.21 2.21±1.98 10.44±10.02bc abc a ab ab ab abc bc

F. verticillioides 12.63±2.19 30.17±6.60 0.63±0.00 0.73±0.18 3.33±0.58 5.67±0.58 2.74±0.60 6.59±2.29bc bc ab ab bc ab bc ab

F. circinatum 12.93±2.05 26.80±4.77 0.68±0.09 1.00±0.08 3.33±0.58 5.00±0.00 2.79±0.63 9.31±3.85bc abc ab ab bc bc bc abc

F. oxysporum 11.07±4.31 19.63±10.36 0.67±0.10 0.79±0.42 2.67±0.58 4.00±1.73 2.63±1.16 4.72±5.34bc abc ab ab abc abc bc ab

F. scirpi 6.40±3.04 17.67±8.24 0.60±0.05 0.54±0.19 2.67±0.58 4.33±1.15 1.19±0.73 3.00±2.22ab ab ab a abc ab ab ab

F. acutatum 8.93±7.88 17.73±15.36 0.47±0.42 0.46±0.40 2.00±1.73 3.33±2.89 2.04±1.80 3.52±3.05abc ab a a ab a ab ab

F. globosom 7.43±2.48 19.73±0.32 0.62±0.02 0.69±0.24 2.67±0.58 4.00±1.00 1.31±0.50 3.33±1.07ab ab ab ab abc ab ab ab

F. redolens 10.23±4.65 27.23±5.95 0.63±0.00 1.06±0.37 2.67±0.58 5.00±1.00 2.29±1.22 5.93±2.00bc abc ab ab abc abc abc ab

F. nygamai 12.63±2.68 29.03±5.95 0.68±0.09 1.20±0.25 3.00±0.00 5.67±0.58 2. 38±0.12 7.14±1.31bc bc ab ab bc bc bc ab

F.compactum 14.40±4.95 27.80±0.30 0.68±0.09 0.85±0.35 3.00±0.00 5.33±0.58 3.22±1.84 6.47±2.55bcd abc ab ab bc abc bc ab

F. andiyazi 12.90±3.75 26.77±2.45 0.72±0.11 1.22±0.21 3.33±0.58 6.33±0.58 3.14±1.28 9.72±4.03bc abc ab ab bc bc bc abc

Control 16.43±3.04 37.63±1.53 0.79±0.16 1.31±0.09 3.00±0.00 6.00±1.00 4.13±1.39 17.54±9.84cd bcd ab ab bc bc cd bcd

Means by the same letter across the column do not differ significantly (p  0.05)

Plant heights, stem girths, number of leaves, leaf Koch postulate’s illustrated by Agrios [24]. All the
area, disease incidence and severity obtained from the Fusarium species showed disease incidence but the
pathogenicity test showed that all the Fusarium species virulent ones that are pathogenic to the millet seedlings
have potential of causing diseases on the agronomical and causing significant reduction in the plant height, stem
parameters of millet varieties. The  most  virulent girth, leaf number and leaf area included:, Fusarium
Fusarium species observed across the millet varieties fujikuroi, F.dlamini, F.beomiforme, F.anthophilum,
were  Fusarium  subglutinans,  F.   fujikuroi,  F.  dlamini, F.verticillioides, F.oxysporum, F.scirpi, F.acutatum and
F.   beomiforme,   F.   anthophilum,   F.   verticillioides, F.nygamai, which agreed with the pathogenicity of some
F. oxysporum, F. scirpi and F. nygamai. Pearl millet Fusarium species reported by Dawson et al. [25] that
expresses the highest resistance to Fusarium species tested 46 isolates of Fusarium spp. on wheat under
followed by Black fonio, Finger millet and the Guinea greenhouse conditions and 38 isolates (82.4%) were
millet which was the most susceptible variety to the found pathogenic. The results was however in line with
Fusarium species (Fig. 2). the findings of Khalil et al. [26] that reported the

DISCUSSION seedling rots of cotton. The disease severity of the

Fusarium species  are  ubiquitous  pathogens  that Fusarium anthophilum, F.verticillioides, F.oxysporum
cause a variety of diseases in many agricultural, and F.scipi as the four most virulent Fusarium species.
horticultural and forestry crops [22] and have been The virulence of these species had earlier been reported
identified as ecological members of both agricultural and by many  researchers including Verma et al. [27] and
native communities which behave quite differently in their Ploetz [28]. 
environments [8]. The disease incidence and virulence of In the estimation of disease incidence and severity,
the pathogenic Fusarium species and their effects on Guinea millet:, Finger millet:, Black fonio: and Pearl millets
seedling height, diameter and leaf area were in accordance were in descending order of susceptibility to Fusarium
to the report of Dudley et al. [23] and also in line with species, Guinea    millet    being   the   most  susceptible,

pathogenic effects of Fusarium species associated with

Fusarium species on millet seedling varieties places
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although Pearl millet appears the most resistant of the four 7. Wilson,   J .P.    and     L.     Claflin,    1996.  Diseases
varieties but it also suffers disease infestation and of pearl millet (Pennisetum glaucum (L.) R. Br.).
exhibits a considerable level of virulence, this agrees with Common Names of Plant Diseases, APSnet
the report of Elisabeth et al. [29] who reported the Fungal Publications.
infestation of sorghum and pearl millet cultivation in 8. Leslie, J.F. and B.A. Summerell, 2006. The Fusarium
Burkinafaso. laboratory manual. Blackwell Publishing, State

Generally, the   Fusarium   species   exhibited a Avenue, Ames, Iowa 50014, USA
varying  level  of  pathogenic effects on the millet 9. Purss, G.S., 1971. Pathogenic specialization in
varieties. Fusarium subglutinans, F. fujikuroi, F. dlamini, Fusarium graminearum. Aust. J. Agric. Res., 22: 553-
F.  beomiforme,   F.   anthophilum,   F.    verticillioides, 561.
F. oxysporum, F. scirpi and F. nygamai expresses a more 10. Boshof,  W.H.P.,  W.J. Swart and Z.A. Pretorius,
pathogenic effects while the most virulent Fusarium 1999. Isoenzyme characterisation of Fusarium
species  on the  millet  varieties  as  observed  in  this graminearum isolates associated with head blight of
study  are  ;  Fusarium  subglutinans,  F.  anthophilum, irrigated wheat in South Africa. South African J.
F. verticillioides, F. oxysporum and F. scirpi. Pearl millet Bot., 65: 281-286.
expresses the highest resistance to Fusarium species, this 11. Muthomi, J.W.,   E.C.   Oerke,   H.W.   Dehne    and
is followed by Black fonio, then Finger millet while Guinea E.W. Mutitu, 2002. Susceptibility of Kenyan wheat
millet is the most susceptible variety to the diseases of varieties to head blight, Fungal invasion and
Fusarium species. Thus, this study provides the deoxynivalenol accumulation innoculated with
prerequisites knowledge required in the control of the Fusarium graminearum. Journal of Phytopathology-
pathogenic Fusarium species on millet varieties in Phytopathologische Zeitschrit, 150: 30-36.
southwestern Nigeria. 12. Parry, D.W., P. Jenkinson and L. McLeod, 1995.
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