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Abstract 
The effect of formulating Acremonium zonatum (Saw.) Gams in corn oil, mineral oil and glycerol was 

determined in a glasshouse at Maseno University Botanic Garden and laboratory. The study was situated at 

latitude -100’ 00’’ S and longitude 340 36’ 00’’E. A. zonatum was aseptically isolated from symptomatic plants 

and inoculated upon healthy water hyacinth plants in a CRD experiment.  Data was analyzed using SPSS 

version 20 computer software. Oil and spore density effects were statistically significant at p < 0.05. The 

main effect of oil yielded an effect size of 0.281 indicating that 28.1 % of the variance in disease severity 

was explained by the oil formulation (F(2, 28) = 5.459, p = 0.01). Spore density yielded an effect size of 

0.326 indicating that 32.6% of the variance in the study was explained by spore density (F(3, 28) = 4.515, 

p = 0.011). The interaction effect was not significant (F(6, 28) = 0.199, p = 0.974) indicating that there was 

no combined effect for the kind of oil used in the formulation of the A. zonatum and the spore density. The 

results suggested that A. zonatum pathogenicity varies with different spore concentrations, 1x 108 

spores/ml being the most potent. A. zonatum has favorable characteristics for consideration as a 

mycoherbicide. Corn oil as formulation material was concluded to be the best formulation material for A. 

zonatum. 
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1. Introduction 
  
Water hyacinth (Eicchornia crassipes (Mart. [Sol.] Laubach) has 
been reported as the worst water weed in the world (Mengist 
and Moges, 2019).  The weed has accelerated growth and 
biomass accumulation that impede navigation, water harvesting 
and it fouls fishing nets and traps (Su et al., 2018). A native of 
the Amazon Basin in South America it is invasive in fresh water 
bodies with negative impact (Dersseh and Dessalegn, 2019). It 
is adapted to wide variety of water bodies that include; running 
stream water, drainage ditches, stagnant water ponds and 
irrigation canal (Fawad and Jamal, 2019). Fresh water lakes in 
the tropics have continued to experience the water hyacinth 
menace due to eutrophication, one of the major ecological 
concerns over the world in recent times (Biswajit and Kamal, 
2019). 
The principal drawback with biological control has been the 
period required to achieve control (Yigermal et al., 2020) and 
this can be tied to the low pathogenicity of the pathogens that 
have been deployed and the media through which they have 
been deployed. Water hyacinth is reported to have a high 
proliferation rate (Obianuju et al., 2020). The high growth rate 
of water hyacinth and the high cost involved in its eradication 
make the existing control techniques insufficient to contain its 
antagonistic propagation therefore driving empirical 

investigations for alternative mitigation (Obianuju et al., 
2020).  
In using vegetable oils for formulating fungi refined oils are 
preferred over unrefined because often times unrefined oils are 
usually contaminated by heavy metals that may affect the fungi 
in question (Flora et al., 2018). Among the oils investigated, 
sunflower and mustard oils were more stable than rapeseed, 
peanut and olive oils (Konuskan et al., 2019). 
Oil formulations are reported to improve efficacy of 
biopathogens (Karim et al., 2011; Berestetskiy and 
Sokornova, 2018). Forms of water hyacinth control with the use 
of bioherbicides should be encouraged so as to preserve 
environmental quality and human health (Bordin et al., 2020). 
Obianuju et al. (2020) have observed that the fundamental 
relationship between viability and implementation of any 
mitigation strategy is on the hypothesis that stakeholders will be 
keen to adopt a technique if it offers higher profits or efficacy 
than the current mitigation measures. 
 
2. Material and methods  
 
The study was conducted in the glasshouse at Maseno University 
Botanic Garden and laboratory. The geographical co-ordinates in 
degrees minutes seconds are latitude -100’ 00’’ S and longitude 
340 36’ 00’’E. The climate is tropical with an average 
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temperature of 26.60 C. The temperatures in February average 
21.40 C while July has the lowest average of 19.60 C. 
Water hyacinth plants showing zonate leaf spot (A. zonatum) 
symptoms were collected from Lake Victoria fronts and taken to 
the laboratory. Five plants were collected from each of the 
locations and put in a polythene bag containing water. Even 
dried leaves with symptoms were also collected. They were 
ferried to the laboratory and kept at room temperature pending 
isolation of the pathogen. 
The diseased plants were washed in running tap water and 
rinsed in sterile water. Excess water was shaken off. Using the 
standard laboratory isolation procedures of Dhingra and 
Sinclair (1995), the leaves with lesions were cut from the plants 
and placed on a sterile blotting paper. 1mm2 pieces were cut 
from the margins of the necrotic lesions on the leaves, surface 
disinfected in 0.5% sodium hypochlorite for 1 minute and in 
70% ethanol for 30 seconds. The sterilized leaves were 
transferred to Potato Dextrose Agar (PDA) medium on plastic 
plates under aseptic conditions following the procedure by 
Martinez and Charudattan (1998). The plates were sealed with 
parafilm membrane and incubated at room temperature on the 
laboratory benches. After the formation of milky white fluffy 
material on the media indicating mycelia growth, sub culturing 
was done to obtain pure culture, by transferring mycelia to fresh 
PDA using a fine sterile needle.  
Using a sterile wire loop, material was scraped from the surface 
of the sporulating culture and   microscopically examined at low 
power (x10) in a drop of water. The fungus were identified using 
the descriptions of Olga (1986). 
Koch’s postulation was also followed to confirm the identity of 
the pathogen by cutting 5mm diameter agar blocks of the pure 
culture from the isolation, placing on the leaves of young healthy 
water hyacinth plants that had been injured by rubbing with 
quartz. The infected leaves were kept covered with a polythene 
bag for 48 hours. The plants were observed for 10 days for 
disease symptoms.  
 The sub cultures grown on PDA plates were multiplied by 
picking mycelia with a sterile needle and transferring the same 
to other plates and incubating at room temperature. 
Agar plates with A. zonatum colony growth were flooded with 
2ml of the respective oil emulsions and spores removed from the 
agar surface using a flame sterilized glass rod and shaking 
slightly. The suspension was filtered through a nylon mesh sieve 
to remove large mycelia particles. The harvested spores were 
kept in sterilized 10ml beakers.  
A haemocytometer was used to determine the concentration of 
the spores in the suspension employing the method created by 
Caprette (2000). The concentration was adjusted, by serial 
dilution, to 108, 107, 106 and 105spores/ml. These concentrations 
were chosen for use in the study in conformity with El-Morsy 
(2004) who established that 106 fungal spores/ml is the 
threshold inoculum concentration for the common fungal 
pathogens infecting water hyacinth.  

Plastic basins with a diameter of 90 cm were acquired and filled 
with water drawn from Lake Victoria. The basins were arranged 
at 30 cm from each other along a bench in the Botanic Garden 
glasshouse.  
Young healthy plantlets obtained from the lake, with relatively 
small leaves and short petioles and of approximately the same 
age with 5 leaves per plant were selected. Individual plants were 
placed into the basins.  Three plants were placed in each of the 
basins. A single handful of soil was added in the bottom of each 
container along with a table spoonful of DAP fertilizer following 
the recommendations of Dhingra and Sinclair (1995) to 
ensure the plants remained green and healthy pending the 
commencement of the trial. The plants were allowed three days 
to acclimatize. The pathogen was formulated in the oils to make 
12 formulations as shown in Table 1. 

Table 1 Oil formulations 
Oil A. zonatum spore concentration 

(spores/ml) 
1x105 1x106 1x107 1x108 

Corn oil 1 2 3 4 
Mineral oil 5 6 7 8 
Glycerol 9 10 11 12 

 
The twelve formulations plus the control were replicated three 
times and randomly arranged in a completely randomized 
design (CRD) on the glasshouse floor. After three days of 
acclimatization, all the healthy and fully expanded leaves were 
injured by being pricked with as sterile needle and washed with 
sterile distilled water according to the procedure of Firehun et 
al (2006). The plants in the pots were sprayed with the 
corresponding oil formulation until the leaves were fully wetted 
by the spray. The hand sprayer was held at 450 and at a distance 
of 20cm from the plants. The control was sprayed with sterile 
distilled water. To ensure sufficient moisture for infection, a fine 
mist of sterile water was sprayed upon the leaves after the 
mycoherbicide spray droplets had evaporated according to 
procedure followed by El Morsy (2004).  
Disease severity scoring was done using the Modified Naseema 
et al. (2001) disease rating scale as shown in Table 2.  
 
Table 2 Modified Naseema et al. (2001) disease severity rating 
scale 

Disease severity 
rating scale 

Type of symptom produced/ 
symptom description 

  

1 No zonate spot symptom 

2 1-9% necrotic symptom developed 
around the pin pricked area only 

3 10% of the leaf area showing 
yellowing or browning with zonate 
spots starting to show 

4 11-25% of the leaf area showing 
yellowing and/or browning, zonate 
spots clearly visible 

5 26-50% of the leaf area including 
petiole showing clear zonate spot 
symptoms 

6 51-100% of the leaf area including 
petiole showing zonate symptoms, 
necrosis of the leaves beginning to 
show  

 
A two-way ANOVA was conducted using SPSS version 20 to 
compare the main effects of oil for formulation and the spore 
density as well as their interaction effects on disease severity. A 
post hoc test was also conducted to determine the means were 
different. 
 
3. Results  
 
Physical examination of the culture revealed colonies that grew 
slowly covering the entire media in 8-10 days. They were 
initially compact and moist later turning white, felted and fluffy. 
The colonies later on darkened starting from the middle part.   
Low power (x10) microscopy on the white, felted and fluffy 
material revealed hyaline, fine, septate and branched mycelia. 
Slides made from     at low magnification revealed conidia that 
were unicellular, and appeared to form unconnected chains 
and/or were simply scattered. They were cylindrical with a 
slight tapering towards one end. After 10 days, disease 
symptoms characterized by zonate spots suggesting the 
presence of A. zonatum infection were noticed on the previously 
injured leaves on which 5mm diameter agar blocks of the pure 
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culture had been placed. During the study period, in both 
pathogenicity and efficacy tests, the pathogen caused disease 
infection that was noticeable and could be scored using the 
scoring scales for this study.  
 
Table 3 Results of disease severity at the end of study period 

Spore density Corn oil Mineral oil Glycerol 
1x105 3.3 1.7 2.8 
1x106 2.7 1.0 2.3 
1x107 2.3 0.7 1.4 
1x108 1.0 0.3 0.9 
Mean 2.3 0.9 1.9 

 
The results of ANOVA showed that the variances of the groups 
were not equal according to the Levene’s test of homogeneity of 
variance (F(11, 28) = 2.53, p = .023). Oil and spore density effects 
were statistically significant at p < 0.05. The main effect of oil 
yielded an effect size of 0.281 indicating that 28.1 % of the 
variance in disease severity was explained by oil formulation. 
(F(2, 28) = 5.459, p = 0.01). The main effect of spore density 
yielded an effect size of 0.326 indicating that 32.6% of the 
variance in the study was explained by spore density (F(3, 28) = 
4.515, p = 0.011). The interaction effect was not significant (F(6, 
28) = 0.199, p = 0.974), indicating that there was no combined 
effect for the kind of oil used in the formulation of the A. zonatum 
and the spore density in the study.  
The results of post-hoc test as tabulated in Table 4 indicated that 
corn oil and glycerol were not significantly different as 
formulation materials and they were both better than mineral 
oil.  
 
Table 4 Results of post hoc test 

Variable 
1 

Variable 
2 

Mean 
DS 

P 
value 

Remarks 

     
Corn oil Glycerol 2.3 .324 Difference not 

significant. Corn oil 
better than glycerol 
as formulation 
material 
 

Corn oil Mineral 
oil 

0.9 .003 Difference 
significant. Corn oil 
better than mineral 
oil as formulation 
material 

Glycerol Mineral 
oil 

1.9 .043 Difference 
significant. Glycerol 
better than mineral 
oil 

 
4. Discussion 
 
The study has confirmed that Acremonium zonatum is 
pathogenic on water hyacinth plants i.e. it is able to cause disease 
on water hyacinth. Its virulence, or its degree of pathogenicity, is 
low. This was evidenced by the fact that there was no mortality 
to the water hyacinth plants at the end of the study period. 
However, a reduction in plant growth was exhibited in the 
inoculated plants. The reduction in plant growth was 
presumably attributed to the severe stress caused by the 
pathogen to the plants, which affected the ability of the mature 
plants to produce strong fresh leaves and daughter plants. This 
observation confirms the findings of Shabana et al. (1995). The 
inability of the isolates to cause mortality to the plants during 
the study period was possibly due to the reduced virulence of the 
isolates caused by repeated sub-culturing, which was carried out 

five times during single spore isolation. Loss of virulence and 
changes in some growth characteristics after repeated sub-
culturing of pathogens has been reported by Nyvall and Hu 
(1997). This is further confirmed by Gaur et al (2013) who 
reported that the major factors favoring disease emergence are 
genetic change in the pathogen and host population and changes 
in host ecology and environment. International experience 
shows that the water hyacinth’s reproductive capacity, 
adaptability, nutritional requirements and resistance to adverse 
environments make it impossible to eradicate, and difficult to 
control especially with a single method (Harley, 1990; 
Gutiérrez et al. 1994).  
For all the four oil emulsions, disease infection was noticed to 
increase with increasing spore concentration. The most effective 
formulation in causing disease infection in water hyacinth plants 
was corn oil with 1x108spores/ml. Disease infection declined 
with reducing spore concentrations. This confirms the findings 
of Walker and Tilley (1979) who reported that a there is a 
positive linear relationship between inoculum concentration 
and disease infection for potential mycoherbicide agents. At low 
spore density in corn oil, the disease infection also occurred. The 
susceptibility of water hyacinth plants even at low spore 
densities may be attributed to the physiological state and age of 
the plants. Pathogens that can cause disease infection at low 
doses are considered potentially most promising agents for 
mycoherbicide development (Spotts and Cerventes, 1991). 
According to Womack et al. (2002), the use of less viscous 
vegetable oil, such as corn oil, is advantageous for overcoming 
the need to physically cover the infected leaves with polythene 
material to increase moisture for enhanced infection after 
inoculation. The oil encloses the moisture lost from the leaves 
and this becomes available to provide the moist micro climate 
that is necessary for infection to effectively take place. Karim et 
al, (2011) also found that vegetable oil formulations generally 
improve the efficacy of mycoherbicides. 
Fernandez and Juncosa (2002) reported that temperature and 
humidity are the main constraints to the effectiveness of fungal 
pathogen growth. Several adjuvants have been reported to 
improve the germination of spores, enhancing the activity of 
fungal pathogens.  This is necessary for infection to take place.  
Glycerol is a preservative that has little chemical effect on fungal 
spores. It immobilizes the spores making infectivity to go down. 
Its more important role is therefore in preserving fungal spores 
rather than being used in mycoherbicide formulation.  
Following inoculation with A. zonatum, leaf infection develops, 
favored by injury and free moisture. The oil emulsions enclose 
this moisture to make it available for spore germination.  
The mycoherbicides tested showed no reaction to the tested 
crop plants. Mycoherbicides can be both specific and non-
specific. Agents that are regarded as most suitable for bio control 
are supposed to be host specific (Harris 1990). The host 
specificity test carried out in this study qualifies A. zonatum as a 
suitable candidate for bio control of water hyacinth. 
 
5. Conclusion 
 
The results of this study have proved A. zonatum is pathogenic 
to water hyacinth. This pathogenicity varies with different spore 
concentrations of the bio agent with 1x 108 spores/ml being the 
most potent.  
A. zonatum has favorable characteristics for consideration as a 
mycoherbicide though not a virulent one. It has a major weak 
point in that its effect on the water hyacinth plants is not 
accompanied by complete death. The pathogenicity of this 
mycoherbicide on water hyacinth plants varies with different 
spore concentrations particularly in corn oil emulsion. Corn oil 
is therefore a suitable carrier for the biocontrol agent.  
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