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SUMMARY

The ashes of sixteen tropical trees were evaluated in vitro for their potential to reduce the
mycelial growth of seedborne fungi; Aspergillus niger, Fusarium oxysporum and Fusarium
incarnatum. Sawdust samples of sixteen tropical trees were collected from the saw mill
industries and were sun-dried and burnt using a pre-fabricated incinerator (12 — 100kg/hr)
to get ash. The ash samples were heat sterilized (Gallenkamp hot air oven, 160°C for 5 h) to
eliminate the resident mycobiota. Fungi tested were isolated from sunflower seeds via blotter
test or agar plate methods and inoculated on Petri dishes containing Potato dextrose agar
media amended with ash while un-amended media plates served as control. Inoculated media
were incubated under room temperature at 28 + 1 °C. Diameter of the fungal colony was
measured using a meter rule along two diagonal lines drawn perpendicularly on the reverse
side of each Petri dish 7" day after inoculation. Fiscus exasperata ash reduced mycelial
growth of fungi by an average of 96.93%. Average mycelial growth reduction by Gmelina
arborea and Terminalia superb ashes were 87.65% and 84.74% respectively. These were
followed by Piptadeniastrum africanum and Sterculia rhinopetela ashes with 78.37 and
76.32% mycelial growth reductions respectively. Bombax spp. ash had the least fungitoxicity
effect as evidenced by only 25.69% in mycelial growth reduction of F. incarnatum. This study
showed that the prospect of wood ash in the control of seedborne pathogens and a possible
alternative to chemical pesticides.
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The use of plant products as an alternative to synthetic fungicides in plant disease control is a

welcomed option in tropical subsistent farming system. This is due to the high cost of synthetic
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fungicides as well as its residual effect, lack of technical know-how about on usage and numerous
adulterations of available seed treatment fungicides (Zarafi and Emechebe, 2006). The
effectiveness of biopesticides as extracts in controlling several plant pathogens has been widely
reported (Egbontan et al., 2013; Jimoh et al., 2016; Falade et al., 2017). However, the potential of
plant ash (the product of burning material) has received little research attention despite their
availability and ease of preparation Ekpo and Banjoko (1994). Enikuomehin and Kehinde (2007)
and Opara and Bassey (2016) reported the fungicidal and bactericidal potentials of some ash
samples on maize, wheat and tomato pathogens. Enikuomehin et al. (1998) also reported the
fungitoxicity of ash samples to Sclerotium rolfsii, however, no report of the fungitoxicity of plant
ashes to seed-borne fungi of oil seeds is available. The present study was carried out to screen the
fungitoxicity of ashes from some tropical plants at varying concentrations used traditionally by

farmers against insect pests and diseases to seed-borne fungi of sunflower in vitro.

MATERIALS AND METHODS

Sawdust of Antiaris Africana, Bombax spp., Brachystegia spp., Lophira alata, Gmelina Arborea,
Ficus exasperata, Esogordonia papaverifera, Piptadeniastrum africanum, Ptenitrocarpus
soyauxii, Sterculia rhnopetela, Shorea spp., Tectona grandis, Terminalia superb, Triplochiton
scleroxylon, Khaya spp. and Entandrophragma utile were collected from saw mill industries. A
portion of each sawdust type was sun-dried for 2-4 week and burnt using a pre-fabricated
incinerator (12 — 100 kg/hour) according to PATH (2010).

Isolation of the tested fungi

Fungal pathogens (Fusarium spp) were isolated via agar plate and Aspergillus niger, blotter plate
methods from asymptomatic sunflower seeds and the cultures obtained were identified using
morphological characters and description recorded in Barnett and Hunter (1998). For Fusarium
oxysporum and Fusarium incarnatum isolation, sixty sunflower seeds were surface-treated in 1%

NaOCI for 30 seconds, and rinsed in distilled water for 20 seconds and placed on semi-selective
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medium peptone Pentachloronitrobenzene (PPA) according to EL-Wakil (2014). The plates were
incubated for 5 days under fluorescent light on a 12hr day/night schedule at 22 — 24 °C. After 5
days, 10 randomly selected colonies of Fusarium species were transferred to PPA and inoculated
for 7 days as described above, after which single spore isolation (purification) were done.
Fusarium spp were further cultured on Carnation Leaf Agar (CLA) where characteristic features
like sporodochia and uniform macroconidia could be vivid, then cultured on Potato Dextrose Agar
(PDA) for pigmentation and colony morphology, and incubated for 10-14 days. Morphological
identification of Fungal species were done according to Nelson et al. (1983) and Leslie et al.
(2005). All the isolated Fungi spp were identified using Olympus BX51 Digital Microscopy
(Olympus Optical Co., Ltd, Japan).

Preparation of aqueous ash extracts
Ten, 7.5 and 5 g of each ash samples was weighed onto Aluminum foil using sensitive weighing
balance (Model: PL203; Surinda and Company,

Ambalahttps://www.adamequipment.co.uk/eclipse-analytical-balances) autoclaved at 160°C for

15 min with pressure of 15 to 22 PSI (adjustable) and dissolved in 100 ml of sterile water for 24

hours and sieved through 1 mm cheese cloth to under aseptic condition.

Fungitoxicity determination of aqueous aqueous ash suspension

One milliliter of each ash suspension was dispensed in 9-cm-diameter Petri dishes; 15mL of cooled
molten chloramphenicol-modified (60 mg/mL) potato dextrose agar (CPDA) was dispensed into
each Petri dish and gently swirled to ensure even dispersion of ash suspension. Each Petri dish
with solidified media was centrally inoculated with a 9-mm mycelial disc of 6-day-old culture of
the respective fungus. The factorial set of treatments consisting of three levels of ash
concentrations and a control (where no extract is added) was arranged in a completely randomized
design replicated three times. The inoculated media were incubated at ambient temperature of 28

+ 1 °C. Colony diameter was measured after 6 days along two perpendicular pre-drawn lines on
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the reverse side of the plate. Fungitoxicity was expressed as percentage reduction in myecelial

growth using the formula adopted from Enikuomehin et al. (2002):

o | M

Mp = === x 100

Where My is percentage reduction of mycelial growth, M1 is mycelial growth in Petri dish and M>
is mycelial growth in Petri dish containing ash.

Statistical analysis
All data collected were subjected to analysis of variance (ANOVA) using “CoStat software”
(2005) and mean separation was done using Least Significant Difference (LSD).

RESULTS

Myecelial growth reduction of A. niger, F. oxysporum and F. incarnatum by ash suspensions
All ash types reduced the mycelial growth of the test fungi (Table 1). A. africana ash reduced
mycelial growth of A. niger, F. oxysporum and F. incarnatum by 58.39, 59.78 and 62.58%
respectively. A. africana ash was more fungitoxic (LSD =2.62; P <0.05) to F. oxysporum than to
other fungi. Bambax sp. ash was less fungitoxic (LSD = 2.28; P < 0.05) on mycelial growth of F.
incarnatum compared with other test fungi. Mycelial growth reduction due to Bombax sp. ash
ranged between 25.69 and 48.20% across all the test fungi. Mycelial growth reduction due to
Brachystegia sp. ash ranged between 43.59 and 68.61% across test fungi. However, the ash
suspension of the plant was more fungittoxic (LSD = 1.32; P < 0.05) to A. niger than other fungi.
Lophira alata ash inhibited mycelial growth of A. niger by 74.54%, F. oxysporum (59.50%) and
F. incarnatum (65.48%). A. niger has a significantly (LSD = 0.98; P < 0.05) higher mycelial
growth reduction compared to other fungi. The mycelial growth reduction due to G. arborea ash
was A. niger (86.03%), F. oxysporum (87.53%) and F. incarnatum (89.39%). F. exasperata ash
induced mycelial growth reduction of on test fungi with a range of 95.60 and 98.53%. Against A.
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niger, E. papaverifera ash enhanced mycelial growth reduction by 56.23%, F. oxysporum
(68.19%) and F. incarnatum (83.21%). Reduction in mycelial growth reduction of F. incarnatum
due to E. papaverifera ash was comparable (LSD = 2.31; P < 0.05) with that of other test fungi.
P. africanum ash was more fungitoxic (LSD =2.19; P <0.05) to F. incarnatum than other A. niger
but comparable to F. oxysporum. Mycelial growth inhibition due to E. papaverifera was A. niger
(67.16%), F. oxysporum (81.26%) and F. incarnatum (86.69%). Reduction in mycelial growth
across the test fungi by P. sayauxii ash varied significantly (P < 0.05) from 57.54 to 78.65%.
However, F. oxysporum had the lowest mycelial growth inhibition followed by A. niger and F.
incarnatum. Fungitoxicity of S. rhinopetela to mycelial growth of A. niger (78.47%) and F.
oxysporum (78/65%) was comparable (LSD = 2.40; P < 0.05) while significantly (P < 0.05) lower
(71.86%) mycelial growth inhibition was observed with F. incarnatum. Shorea sp. ash induced
significantly (P < 0.05) lower mycelial growth reduction on F. incarnatum (59.54%) compared to
A. niger (73.18%) and F. oxysporum (64.81%). T. grandis ash induced highest (LSD = 1.73; P <
0.05) mycelial growth reduction on A. niger (85.81%). However, against Fusarium spp., mycelial
growth inhibition was between 59.54 and 64.82% as enhanced by T. grandis ash. Mycelial growth
reduction of A. niger by T. superb ash was 90.09% and was significantly (LSD = 2.11; P < 0.05)
higher than that of F. incarnatum (78.02%) and that of F. oxysporum with mycelial growth
reduction of 78.02%. T. scleroxylon ash induced a comparable mycelial growth inhibition across
the test fungi. Fungitoxicity of Khaya spp ash was stronger (t = 2.04; P < 0.05) towards mycelial
growth of F. oxysporum inducing up to 87.08% than towards other test fungi. Ash from E. utile
sample induced a comparable mycelial growth reduction between A. niger (68.14%) and F.
oxysporum (65.62%). Lower level of mycelial growth reduction (57.15%) of F. incarnatum was
induced by E. utile ash (Table 1).

In all instances, mycelial growth inhibition of test fungi reduced with increase in concentration of
the plant ash suspensions. Against A. niger, concentration of 10 % (w/v) recorded a significantly
(LSD = 2.18; P < 0.05) higher mycelial growth reduction than at 7.5 and 5 % (w/v). Similarly,
with F. oxysporum, plant ash suspensions at concentration of 10 % (w/v) induced a significantly
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(LSD =2.82; P <0.05) higher mycelial growth reduction than other concentrations which showed
a comparative effect on the fungus. However, concentration of 10 % (w/v) of plant ash suspensions
was superior (LSD = 0.97; P < 0.05) to other concentrations in reducing mycelial growth of F.

incarnatum (Table 1).

Across the test fungi, plant ash suspensions at 5 % (w/v) concentrations reduced mycelial growth
of F. incarnatum more (LSD = 1.73; P < 0.05) compared with the other two test fungi. However,
at 7 % (w/v) concentration, plant ash suspensions recorded a comparable (LSD =1.79; P < 0.05)
mycelial growth reduction between A. niger and F. oxysporum. At concentration of 10 % (w/v),
plant ash suspensions induced a comparable mycelial growth reduction on all test fungi (Table 1).
Plant ash suspensions at all levels of concentration showed a significant mycelial growth reduction
on all the test fungi (Table 1).
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Table 1: Mycelial growth reduction of Aspergillus niger, Fusarium oxysporum and Fusarium incarnatum by
some tropical trees ash at varying concentration

Mycelial growth reduction (%)

Ash suspension A;pergillus Fusarium !:usarium LSD
niger oxysporum incarnatum
Antiaris africana 55.39 60.02 59.37 2.62
Bombax spp 47.32 39.28 25.69 2.38
Brachystegia spp 68.61 61.39 43.59 1.32
Lophira alata 74.54 59.50 65.48 0.98
Gmelina arborea 86.03 87.53 89.39 1.20
Fiscus exaperata 96.66 95.60 98.53 1.07
Esogordonia papaverifera 56.23 69.19 83.21 2.31
Piptadeniastrum africanum 67.16 81.26 86.69 2.19
Ptenirocarpus sayauxii 70.47 57.54 78.29 1.87
Sterculia rhinopetela 78.47 78.65 71.86 2.40
Shorea spp 73.18 64.81 59.54 1.08
Tectona grandis 85.81 64.82 59.54 1.73
Terminalia superb 90.09 86.11 78.02 2.11
Triplochiton scleroxylon 66.94 60.75 56.63 1.62
Khaya spp 43.21 87.08 60.61 2.04
Entandrophragma utile 68.14 65.62 57.15 1.90

Concentration/level (L)

5.0 59.25 60.23 70.36 1.73
7.5 68.37 69.90 84.67 1.79
10.0 85.02 90.05 99.93 0.98
LSD 2.18 2.82 0.97

Interaction

AxL S S S

Mean of percentage mycelial growth reduction compared using F-ration test at P < 0.05; mean separated by Least
Significant Difference; S - Significant
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DISCUSSION

The reduction of mycelial growth of A. niger, F. oxysporum and F. incarnatum by the ash samples
suggests that these ash samples were fungitoxic. There were variations in the toxicity of the ash
samples to the different fungal species. However, F. exasperata ash exhibited strong fungitoxicity
to all the test pathogens. Others, such as G. arborea ash was strongly fungitoxic to F. incarnatum,
and T. superb was strongly fungitoxic to A. niger. The observed fungitoxicity of ash samples from
F. exasperata, G. arborea and T. superb makes these ash samples candidate for further research.
Kawamura et al. (2005) reported that five constituents of G. arborea isolated and identified as (+)-
7'-0O-ethyl arboreol, (+)-paulownin, (+)-gmelinol, (+)-epieudesmin and (—)-B-sitosterol has been
reported to be antifungal in nature. Similarly, antifungal constituents which include ficusamide,
furanocoumarins, (S)-(_) oxypeucedanin hydrate, (R)-(_) oxypeucedanin hydrate, bergapten (5-
methoxypsoralen) were isolated from F. Exasperata (Adesope et al., 2006). Kra et al. (2014)
reported the antifungal activities and established the antimicrobial virtues of T. superb. The root
extract of G. arborea have been reported to inhibit the growth of Aspergillus niger, Penicillium
notatum and Candida albicans (Hussani and Deeni, 1991). The water-soluble fraction of G.
arborea completely digested the conidia of many postharvest pathogenic fungi (Barkai-Golan,
2001). Also, extracts of Ficus species significantly arrested mycelial growth of A. flavus,

A. niger, Botryodiploidia, theobromae, F. oxysporum, F. solani, Penicillium

chrysogenum, P. oxalicum and Rhizopus stolonifer (Durugbo et al., 2012). Padam et al. (2012)
attributed the antimicrobial properties/activities in various banana extracts to the presence of
alkaloids, flavonoids and cardiac glycosides. According to Adebayo-Tayo and Odeniyi (2012), the
mechanism by which isothiocyanates present in Ficus capensis inhibit cell division in fungi may
involve enzymes by direct reaction with disulfide bond or through thiocyanate anion reaction to
inactivate sulphydryl enzymes in cells. It has been demonstrated that this isothiocyanates is a
source of natural fungicides (Barkai-Golan, 2001) which is regarded as both safe and effective
against various fungal disease. Presence of antifungal agents in wood ash have earlier been

reported by Eze and Maduewesi (1990) and fungitoxicity of wood product like sawdust ash by
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Enikuomehin et al. (1998). This underscores the possibility of that burning may denature the
organic compound of these plants and this may have metamorphosed into other fungitoxic

compounds.

CONCLUSION

The present study demonstrates the potential of ash samples in the control of these seedborne
fungal species. However, further studies are required to determine their practical application as
seed treatments in tropical agriculture where the cost of commercial fungicides is prohibitive.

REFERENCES

1. Adebayo-Tayo B. C. and Odeniyi A. 0.2012. Phytochemical screening and microbial
inhibitory activities of Ficus Capensis. African Journal of Biomedical Research 15: 35- 40.

2. Adesope A.A., Ajala O.0O., Idumah F. O. and Koyejo O. A. 2006. Evaluation of the
Fibre characteristics of Ficus exasperata Valh. In: Popoola, L. (eds). Forestry at crossroads
in Nigeria. Proceedings of the 31st Annual Conference of the Forestry Association of
Nigeria, held at Federal University of Agriculture, Makurdi, Benue State, Nigeria. Forestry
Association of Nigeria Ibadan, Nigeria. pp. 25-29.

3. Barkai-Golan R. 2001. Postharvest Diseases of Fruits and Vegetables. Development and
Control. Elsevier, Amsterdam, the Netherlands, 418pp.

4. Barnett H. L. and Hunter B. B. 1998. lllustrated Genera of Imperfect Fungi. 4th Edition,
APS Press, St. Paul, 218 pp.

5. CoStat, 2005. CoStat program, version 6.4. CoHort Software, Monterey, CA, USA

6. Durugbo E. U., Oyetoran B. O. and Oyejide N. E. 2012. Vegetation inventory of the
redemption camp, Ogun state, Nigeria; Evaluation of medicinal plant resources and strategies
for conversion. Journal of Biological Science 12: 34-42.

7. Egbontan A.O., Afolabi, C.G. and Kehinde I.A. 2013. Effect of some tropical plants

extracts on the mycelial growth and sporulation of Fusarium graminearum, causal agent of

35



FUNGITOXICITY OF ASHES FROM SOME TROPICAL TREES AGAINST SEED-BORNE FUNGI ISOLATED FROM

SUNFLOWER (Helianthus annuus L.)

10.

11.

12.

13.

14.

15.

16.

36

Fusarium Head Blight of wheat (Triticum estivum L.). Nigeria Journal of Plant Protection
27: 28 — 35.

Ekpo E. J. A and Banjoko K. M. 1994. Efficacy of Fernasan D and wood ash in the control
of seedborne fungi, pre-emergence mortality and seedling blight of maize. Discovery and
Innovation 6: 84 — 88.

EL-Wakil D. A. 2014. Seed-borne fungi of sunflower (Helianthus annuus L.) and their
impact on oil quality. Journal of Agriculture and Veterinary Science 6(6):38-44.
Enikuomehin O. A and Kehinde I. A. 2007. In vitro screening of some tropical ash samples
against seedborne pathogens of wheat (Triticum aestivum L.). Australasian Plant Pathology
36:587-590.

Enikuomehin O. A,, Ikotun T. and Ekpo, E. J. A. 1998. Evaluation of ash from

tropical plants of Nigeria for the control of Sclerotium rolfsii Scc. On wheat (Triticum
aestivum L.). Mycopathologia 142: 81 — 87.

Enikuomehin O. A., Ikotun T. and Ekpo E. J. A. 2002. Effect of some seed dressing
fungicides on seed borne pathogens of rain-fed wheat. Moor Journal of Agricultural
Research 3(2): 271-275.

Eze C. S. and Maduewesi J. N. C. 1990. Comparative efficacy of benlate, lime and

plant ash treatments in controlling fresh weight loss, sprouting and rotting of cocoyam
(Colocassia esculenta L.) in storage. Nigerian Journal of Plant Protection 13: 81 — 89.
Falade M. J., Enikuomehin O. A., Borisade O. A. and Aluko M. 2017. Control of
Cowpea (Vigna unguiculata L. Walp) Diseases with Intercropping of Maize (Zea mays L)
and spray of Plant Extracts. Journal of Advances in Microbiology 7(4): 1-10.

Hussani H.S. N. and Deeni Y.Y. 1991. Plants in Kano ethnomedicine; screening for
antimicrobial activity and alkaloids. International Journal of Pharmacy 29: 51-56.

Jimoh M., Enikuomehin O.A., Afolabi C.G., Olowe V.1.0. and Egbontan A. 2016.

Achievingimproved control of foliar diseases of sesame (Sesamum indicum L.)



Nigerian Journal of Plant Protection (NJPP) Vol. 34, No.2, December 2020

17.

18.

19.

20.

21.

22.

23.

24.

intercropped with maize (Zea mays L.) through foliar spray of plant extracts. Archives of
Phytopathology and Plant Protection 49: 19-20.

Kawamura F., Ohara S. and Nishida A. 2005. Antifungal activity of constituents from
the heartwood of Gmelina arborea: Part 1. Sensitive antifungal assay against
Basidiomycetes. Holzforschung 58 (2): 189-192

Kra A. K. M., Ahon G. M, Djo-Bi D., Ouattara S., Coulibaly A. and Djaman A. J.
2014. Antifungal activities of medicinal plants extracts of Ivorian pharmacopoeia. Journal
of Intercultural Ethnopharmacology 3(4): 159-166.

Leslie J. F. Summerell B. A. and Bullock S. 2005. The Fusarium Laboratory manual.
Blackwell Publishing Professional. 2121, State avenue, Ames, USA. Pp. 100-117.

Nelson P. E., Toussoun T. A. and Marasas W. F. O. 1983. Fusarium Species: An
Illustrated Manual for Identification. Pennsylvania State University Press, University Park,
Pennsylvania. 1 — 288pp

Opara E. U. and Bassey I. N. 2016. Bactericidal effects of some local plant ashes

against bacterial wilt diseases of tomato (Solanum lycopersicon) varieties. Global Science
Research Journals 4(1): 155-158.

Padan B. S., Tin H. S., Chyve F. Y. and Abdullah M. I. 2012. Antibacterial and
antioxidative activities of the various solvent extracts of banana (Musa paradisiaca cv.
Mysore) inflorescences. Journal of Biological Science 12: 62-73.

PATH. 2010. The Incinerator Guidebook. A practical guide for selecting, purchasing,
installing, operating and maintaining small-scale incinerators in low-resource settings. 1-
58pp.

Zarafi A. B. and Emechebe A. M. 2006. Effect of intra row spacing on the incidence

and severity of pear millet Downy mildew and grain yield. Archives of Phytopathology and
Plant Protection 39 (1): 9-14

37



FUNGITOXICITY OF ASHES FROM SOME TROPICAL TREES AGAINST SEED-BORNE FUNGI ISOLATED FROM
SUNFLOWER (Helianthus annuus L.)

38



