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ABSTRACT

Antimycotic effects of water yam peel extract using ethanol and methanol as extractants at different concentration
on post harvest pathogenic fungi were investigated. Pathogenicity test revealed that Fusarium oxysporum, Rhizopus
stolonifer, Botryodiplodia theobromae and Trichoderma viride were the causal organisms of deteriorations in the
white yam tuber. Gentamicin, ethanol and methanol extracts were effective in controlling the establishment of the
test pathogens in vitro and in vivo. Ethanol extract exhibited the highest potency in inhibition with increase in
concentration, followed by ethanol extract. This was attributed to the inherent biochemical constituents of water
yam pedl extracts that was found to contain alkaloids, tannins, flavanoids, saponins and sterols. Gentamicin, though
a known strong antibiotic had the minimum total inhibition. The possibilities that these peels extracts used can serve
as source of alternatives to chemical control of yamrot is quite obvious.
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INTRODUCTION

Yam belongs to the geni¥oscorea in the family Dioscoreacea and is one of the nmogbrtant staple foods in the
world, especially some parts of Tropics and SubtfOkigbo and Ogbonnaya, 2006). The edible viagetf yam
are important food crops and serve as an impodartohydrate staple for millions of people in btite Tropical
and Subtropical countries in West Africa, the Garans, the Northerrn and Central part of South Bas
including parts of China, Malaysia, Japan and Oe@@oursey, 1967). The FAO (1989) estimated thatworld
production is around 20 million ton per year. Nigealone produces three quarter of the world tot#put of yams.
Okigbo (2004) noted that of the ten cultivated sg®cthe six most important in Nigeria. Okigbo (2Pdoted that
of the ten cultivated species, Nigeria &i@scorea rotundata Poir (White yam)D. cayenensis Lam (yellow yam),
D. alata L. (water yam),D. dumetorum (cluster or bitter yam)D. esculenta loir bark (Chinese yam) anb.
Builbifera L. (aerial yam). Besides their importance as fomarse, yams also play significant role in socionanall
lives of some producing regions. The ritual andessiition often surrounding yam and utilizationifest Africa is

a strong indication of the antiquity of use of thisp (Normaret al, 1995; Ogbo and Agu, 2014a). Coursey, 1967,
reported that yam tubers are of a very high vadgdn food, where it is a major source of carbohigrminerals of
calcium, phosphorus, iron and vitamins such asfldakim, thiamine and vitamins B and C. Although yam@re
grown throughout Africa, including countries likeeroon, Togo, Ghana, Nigeria and Ivory Coast. fhage said
to be the world’s largest producer of yam accounfor over 70-76 percent of the world total outfeAO, 1989,
Frank and Kingsley, 2014a). FAO reported that Nagatone in 1989 produced 18.3 million tonnes ahyeom 1.5
million hectares, representing 73.8 percent of 28lBon tonnes of yams produced in Africa. Yam dangrown in
nearly all the tropical countries provided watend the limiting factor (Piust al., 2006). They also observed that
yam in Nigeria is grown within the coastal regigm to latitude 12N and correspond to the rain forest, wood and
savanna and southern savanna belt. Rot is a naagjtarflimiting the post-harvest life of yams anddes can be very
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high. Losses due to post harvest rot significaaffgct farmers’ and traders’ income, food secuaityl seed-yams
stored for planting. The quality of yam tubers affected by rots which makes then unappealing wsemers
(Ogbo and Agu, 2014b; Aget al., 2015). Losses of yams in storage mostly to rotcamgsidered to be heavy in
Nigeria; as a result the demand for yam tubersahaays exceeded its supply (FAO, 1998). Statidienge shown
that an average of over 25% of the yield is lostuafly to diseases and pests (FAO, 1998). Over 6Dfle yam
tubers produced and harvested in Nigeria are tostarage. Most rots of yam tubers are caused thpganic fungi
such asAspergillus flavus, Aspergillus niger (Tiegh), Fusarium oxysporum, Fusarium solani, Botryodiplodia
theobromae, Penicilllium chrysogenum, Rhizoctonia spp, Penicillium oxalicum, Trichoderma virideand Rhizopus
nodosus (Okigbo and Ikediugwu, 2000; Okigbo, 2004; Aid@807; Frank and Kingsley, 2014b; Agual., 2014).
Microbial deterioration of yam start in the soidteing its capacity to germinate and its survivathe field and
then progressed in storage which occur when infetttbers do not have any sign of external sympt@@isgbo
and lkediugwu, 2000). The incidence of rotting garwith the species and with varieties within espbcies of yam
(Aidoo, 2007). Nwakiti (1982) reported that rot yatue to variations in the distributions of the romrganisms and
does related to the soil mineral status becauseiffezences in the mineral status are not knowbeacorrelated
with the type of organism isolated nor total petage of rot. Several methods have been adoptedofarolling
losses due to post harvest disease of yam; thekelethe use of chemicals, biological method aftem, curing
uses of natural plant extracts, as reported by Arsual., (2003). Because of the low capital income of fasriar
Nigeria and lack of expertise in the safe handliigchemical, farmers resorted to the method of aatption,
fallowing, planting of healthy material and destroe of infected crop cultivars in controlling tlikseases of yam
tubers (Nwakiti, 1982). Chemical method of conthals helped to reduce the rate of storage lossesaksnd
increases yield obtained, but the problem arisinth the use of chemicals is that it is expensivan cause
environmental pollution and may also induce pathogesistance. Biological control method has beefiepred in
some cases because it is selective with no sidecteffnd cheap. Resistance to biological contralaie and
biological control agents are self- propagationd aelf-perpetuating (Okigbo and Ikediugwu, 200@m8 plants
are known to synthesize phytochemicals with antioti@l activities and are used successfully in ¢batrol of
diseases in humans and crops like yam, cowpea, aice (Bediakcet al., 2007). The advantages of these natural
plant products includes its local availability, Hage or no toxicity to humans and simple pregana procedures
(Okigbo and Nmeka, 2005). Among these plants ageptel extract of water yanDipscorea alata) Lam of the
family Dioscoreaceae. It is a monocotyledonous (€ey 1967). They are cultivated for their edihlbers, which
can grow up to about 2cm long and with weight up4fikg. This research work is aimed at Isolation and
identification of fungi associated with yam tubest rand to establish the pathogenicity of fungal aoigms
associated with tuber rots of white yam varietiesweell as to determine the potentiality of the raettiic and
ethanolic extract of the peel Dioscorea alata on the identified pathogens and the effectiverdésgentamicin on
the identified pathogens.

MATERIALSAND METHODS

COLLECTION OF PLANT MATERIALS

Infected white yam yam tuber®ipscorea rotundata Poir) were collected fronEke-Awka and Nkwo-Amaenyi

Markets, as well as healthy tubers of white yamduB® pathogenicity testing and were packaged @rilst
cellophane bags and taken to the Botany and Miclogpy Laboratories of Nnamdi Azikiwe University, Aa for
analyses. Water yamBiscorea alata Lam) were also purchased from the afore-mentionadkets

ISOLATION OF MICRO-ORGANISMSFROM INFECTED WHITE YAM

Infested or rotten tubers of yamipscorea rotundata Poir) were rinsed in sterile distilled water anéntsurfaced
disinfected using 70% ethanol. Isolation was dopettting the decayed tubers to about 3mm-4mm piadth a

sterile knife and dropped into 70% ethanol in akieeand later washed twice in sterile distilled evaifhe washed
pieces were blotted with sterile filter paper tomowe water droplets. Then a sterilized forceps wsel in picking
up two pieces of the disinfected cut pieces of yaen and inoculated onto SDA medium. All the platds
temperatures of 25-2& for 3-5 days and observed daily for growth ofgfun

CHARACTERIZATION AND IDENTIFICATION

Subculturing of different mycelia colonies from timoculated plates were done to obtain pure cudtugerilized
surgical blade was used to cut different myceliawgh and transferred into a newly prepared SDA. plates
(inoculated) were then incubated at 25°6for 3-5 days. The purified isolates were kepslants and stored for
characterization and pathogenicity test carried dlacroscopic and Microscopic examinations and resfeed
against Fungal Atlasesz. Barnett and Hunter (2000); Watanabe (2002).
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PATHOGENICITY TEST

Fresh healthy yam tubers were washed with steisldled water. Thereafter, the tubers were disitéd with 70%
ethanol and washed with sterile water. The tuben®wllowed to air dry and a flamed 5mm cork beras used to
bore hole into the healthy tubers (Okigbo and lkgdiu, 2000), Disc of five day old culture of pusolates of
fungi were used to plug the holes created inDhwscorea rotundata (Poir) tubers (healthy) and the disc of the yam
in the cork borer was used to cover the surfacéhefinoculated portion and subsequent sealin wébeline
(Okigbo and Ikediugwu, 2000). The inoculated tubeese incubated for 7 days at %D. Regular observations were
made for fungal infection. These infected tubersanmmpared with the initial decayed tubers.

EXTRACT PREPARATION

Four to five tubers of water yanbipscorea alata) were obtained fronkEke-Awka market andNkwo-Amaenyi and
identified. The peel was washed with sterile wated shade dried in a dust free and clean environriiée dried
peels were taken to an electric miller and pulhestimto powder.

EXTRACT DILUTIONS

The desired percentage weight of solid was weidh8d-50g) respectively and turned into empty coeted, 100ml
of each solvent (ethanol, methanol and gentamieag mixed with the solid, shaken and allowed forhddrs to
ensure that the yam peels gives forth its extrabi®e solution was properly shaken, centrifuged dadanted
thereafter.

ANTIFUNGAL BIOASSAY

Toxicity of Dioscorea alata was evaluated against the yam tuber rot. The ob8ens were recorded in terms of
radial growth of the test fungi on the medium watid without extracts and results were analyzedherbasis of
percentage growth inhibitions of test fungi. Thhiloition of fungal growth on SDA medium was usedjtantify
the toxicity of extracts. Percentage growth inhdritfor 5 days was calculated.

R.-R., 100
== Iy —

Percentage growth inhibition n

Where R = is the furthest radial distance of pathogensointrol plates
Where R = is the furthest radial distance of pathogersximact (treated) plates.

The inhibition percentage was determined as a guidelecting the minimum inhibition concentratign.|.C) that
will be effective in controlling the rot causingrigi.

Extracts were rated for their inhibitory effectngia scale.
< 0% inhibition (not effective)

> 0-20% inhibition (slightly effective)

> 20-50% inhibition (moderately effective)

> 50-100% inhibition (effective)

100% inhibition (highly effective)

PHYTOCHEMICAL SCREENING (QUALITATIVE ANALYSIS)
In the establishment of the presence of phytochashiof interests, qualitative tests were conductsdg different
standard methods as shown below:

TEST FOR TANNINS

The Ferric chloride test described by Harbone (19va&s employed. An aqueous extract of the test kamvps
obtained by dispensing 2g of the paste sample il D distilled water. The mixture was shaken f@rrinutes in
a mechanical shaker and then filtered through whatfilter paper no 40. The filtrate was used asatjgeous
extract. 2ml of the extract was put into a testetalnd 3ml of distilled water added to the test tukfeer shaking
gently to mix well, 2 drops of dilute Ferric chlde (FeC}) solution was added to the mixture. The test epgated
two more times and conducted against a blank cbotnasisting of distilled water and Ferric chloridéhout the
extract.

TEST FOR SAPONINS

The presence of saponins in the test sample wasndeed by the froth test as well as the emulsésh described
by Harbone (1973).The test involved the use of agsiextract of the sample 2ml of the aqueous extvas mixed
with 6ml of distilled water in a test tube. The moise was shaken well and observed for the presehsaponins
(Stable froth).

Pelagia Research Library



Okigbo N. Raphael et al Adv. Appl. Sci. Res., 2015, 6(10):7-13

For the emulsion test, 3 drops of groundnut oil added to the test tube, the mixture was shakehnandlobserved
for the presence of table emulsion. The formatibra stable emulsion gives a positive test for thespnce of
saponins. Froth tests were repeated two more timésonducted against a blank for confirmation.

TEST FOR FLAVONOIDS

The presence of flavonoids in the test sample weésrohined by the acid alkaline test described bgpbiae (1973).
An agueous extract of the test sample was obtdigetispensing 1g of the ground sample in 5ml ofiltés water.
The mixture was shaken for 5 minutes and therrdittaising Whatmann No. 1 filter paper. The filtrai@s used as
aqueous extract. Thus, 2ml of the aqueous extrast eispensed into a test tube and a few drops wthbe
concentrate ammonia (NHwas added followed by addition of concentratedirbghloric acid (HCI). Yellow
solution on addition of concentrated Ntthich turns colourless upon addition of conceetidtydrochloric acid is
a positive test for flavonoids.

TEST FOR ALKALOIDS

The presence of alkaloids in the test sample wéerméed using the test described by Harbone (1%®)nol

extract of the samples was used and was obtainelispgnsing 2g of the ground sample in 10ml of mthal he

mixture was shaken properly and filtered using Wiaatn No. 1 filter paper. The resulting filtrate wesed for the
tests. In the first experiment, 3 drops of lodiresvadded to 2ml of the filtrate and shaken wethio. The presence
of dark brown green colouration in the test santplee showed the presence of alkaloids. In the skegperiment,

three drops of picric acid was added to 2ml offtlkate and the mixture was shaken well to mixeThrmation of

light green colouration confirmed the presencelkdlaids.

TEST FOR STEROLS

Ethanol extracts of the samples were used, 1mtefi@anhydride was added to 2ml of ethanol insa tighe and
also 3 drops of concentrated Tetraoxosulphate @&yl (HSO,) was added. The mixture was shaken well and
examined of the formation of dark brown — greemadse

TEST STARCH

The presence of starch in the test samples wasndagsl. Two drops of water was put in 1g of theugr sample
to make it pasty. Then 2 drops of lodine was intidi to the pasty sample. Blue-black colour or dduke colour
indicated a positive test for starch.

EXPERIMENTAL DESIGN
The one way ANOVA factorial design was employedSeatistical analyses.

RESULTS

ISOLATION OF FUNGAL PATHOGENS FROM SAMPLES

The fungi that were isolated from rotten white y@ébnoscorea rotundata) resulting from the sampling survey above
included Fusarium oxysporum, Rhizopus stolonifer, Trichoderma viride, Aspergillus flavus, Penicillium oxalicum
and Botryodiplodia theobromae. The most frequently occurring w&sisarium oxysporum at a frequency of 35.32
(table 1).

PATHOGENICITY TEST

The fungi tested includedrusarium oxysporum, Rhizopus stolonifer, Trichoderma viride and Botryodiplodia
theobromae and were confirmed to cause the same disease arngpm noticed on the rot infested sample. The
fungusFusarium oxysporumwas the most predominant, causing 69.0% rot othscorea rotundata (table 2).

SCREENING THE PEEL EXTRACT of Dioscorea alata for ITS EFFECT ON THE MYCELIA GROWTH
OF THE FOUR TEST FUNGI

Effects of Ethanol, M ethanol and Gentamicin Extracts of Dioscorea alata against Fusarium oxysporum

All the extract tested at the different concentrasi had effective inhibitory effect on the mycetjipowth of
Fusarium oxysporum. The extract at 20% concentration level showedhilgdest inhibition on the fungus of 44
percent inhibition. At 10%, 30%, 40% and 50% comnicgion level, 35, 34, 24 and 34 percent inhibitiware
observed respectively (table 3). The ethanolicaetsrwere found to have the highest effecFosarium oxysporum
when compared to other methanol and gentamicimetetr At 10%, 20%, 30%, 40% and 50% concentratwals,
the methanolic extracts had a moderate inhibitéigceon the mycelia growth. Which were 26, 28, 35,and 34
percent inhibition respectively (table 4). The pegfract ofD. alata with gentamicin showed a slight inhibitory
effect on the fungus of 13,13.5, 14, 14.5, 15 parathibition at 10%,20%,30%,40% and 50% conceiunalevels
respectively (table 5).
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Effects of Ethanol, M ethanol and Gentamicin Extracts of Dioscorea alata against Rhizopus stolonifer

Ethanolic extracts at 20%, 30%, 40%, and 50% cdnaton levels showed a moderate effect on the fg/ce
growth of Rhizopus stolonifer and had 41, 34, 28 and 35 percent inhibition retspely whereas at 10%
concentration level the inhibitory effect on thgamlia growth was quite effective, showing 50 patdahibition
(table 3). At 10%, 20%, 30%, 40% and 50% concénirdevels methanolic extracts had a moderatebitdry
effect on the mycelia growth. Having 32, 35, 30,a2d 31 percent inhibition respectively (table®)e peel extract
of Dioscorea alata with gentamicin showed a slight inhibitory effeat the fungus of 10, 12.5, 13, 13.5 and 14.5
percent inhibition at 10%, 20%, 30%, 40% and 50%ceatration levels respectively (table 5).

Effects of Ethanol, M ethanol and Gentamicin Extracts of Dioscorea alata against Botryodiplodia theorbromae

A moderate effect was noticed at 20%, 30%, 40% %0% concentration level with percentage inhibitiafgi2,
35, 33, 47 respectively. At 10% concentration theas effective inhibition of the fungus growth wiplercentage
inhibition of 52.0. The ethanolic extracts wererfiduo be the most effective when compared to therogéxtracts
(table.3). Methanolic extracts at all level of centration exhibited a moderately effective inhirition the test
fungus (table 4). At all levels of concentrationgatamicin, there were slightly effective inhibition the mycelia
growth of the test fungus (table.5)

Effects of ethanol, methanol and gentamicin Extracts of Dioscorea alaata against Trichoderma viride

A moderate effect was observed at all levels ofceotration with percentage inhibition of 36, 47, 24 and 39
respectively (table 3). At 10%, 20%, 30%, 40%, &6 level of concentration of methanol, the perageat
inhibition was moderate with 28, 23, 25, 29 and&dpectively (table 4). At all levels of concernitvat there was a
slight effect of gentamicin on the test fungus Iget).

QUALITATIVE ANALYSISOF TEST PLANT SAMPLES
The analysis showed that the water yabDiofcoreaalata) used, tested positive to phytochemicals, sapenins
flavonoids, tannins, sterols and alkaloids but tiggao starch (table.6).

Analysis Of Variance (ANOVA) of Results

The effect on the growth of fungihizopus stolonifer using the extract dbioscorea alata was significant because
Fcal was greater than Ftabulated (Fcal>Ftab). K showed a significant effect on the growthtied fungus
(Fcal<<Ftab at 0.05). The difference in concentratevel showed significant difference in the intidn of mycelia
growth of fungus. The effect on the growth of fuaguisarium oxysporum using the extract ddioscorea alata was
significant because Fcal>Ftab. The extract showsijmficant effect on the growth of the fungus dl<e<Ftab at
0.05). The difference in concentration level showeaghificant difference in the inhibition of mycaligrowth of
fungus. The effect on the growth of fungBestryodiplodia theobromae using the extract obioscorea alata was
significant because Fcal>Ftab. The extract showsijmficant effect on the growth of the fungus dl<e<Ftab at
0.05). The difference in concentration level showeaghificant difference in the inhibition of mycaligrowth of
fungus. The effect on the growth of fungirschodema viride usingDioscorea alata extract was significant because
Fcal>Ftab. The extract showed a significant eféecthe growth of the fungus (Fcal<<Ftab at 0.0%je Wifference
in concentration levels showed significant diffexerin the inhibition of mycelia growth of fungus.

DISCUSSION

Fungal pathogens are the major causative agents wf yam reducing the yield and productivity @y per annum
(IITA, 1985). The fungal organisms that were obseénto cause rot in white yam weFaisarium oxysporum,
Rhizopus stolonifer, Botryodiplodia theobromae and Trichoderma viride (Okigbo and Ogbonnaya, 2006).These
organisms cause rot in yam tubers while still i $bil which progress during storage, and may izt any sign or
external symptoms (Amusa al., 2003). The pathogenicity test showed that pathmgfungi inoculated into the
yam tubers caused rot; this was due to the almfitihe pathogen to utilize the nutrients of theetishas substrates
for growth and development. This result is simtaithe report on fungi associated with Nigeria y@hkigbo and
Ikediugwu, 2000). Some other biological control sw@as like plant extracts have been used to copathiogens of
yam (Akueshiet al., 2002; Okigbo and Ogbonnaya, 2006; Okigéial., 2009).

In this study, ethanolic and methanolic peel extra¢ water yam, produced a significant inhibitmmthe growth of
pathogenic fungi on post harvest yam compared tliith achieved by Gentamicin. Though ethanol extrgietided
more quantity than methanol, inhibition increasethwidecrease in concentration of extractants. Sobibitory
effect exhibited may be as result of the presenteplytochemicals which are antimicrobial agents.eTh
phytochemicals include: alkaloids, flavonids, pHensaponin, tannins and sterols. The differenciéninhibitory
effect encountered was as a result of the solybilitthe active compounds in the extractants usgkdgpbo and
Nmeka, 2005).
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Table. 1: Percentage Occurrence I solated Pathogenic Fungi

Organisms Per centagerot (%)
Fusarium oxysporum 69
Rhizopus stolonifer 56
Botryodiplodia theobromae 65
Trichoderma viride 60

Table. 2: Percentage Occurrence of Fungal | solates associated with Dioscorea rotundata

Organisms Per centage Occurrence
Fusarium oxysporum 35.32
Botryodiplodia theobramae 31.41
Rhizopus stolonifer 25.20
Penicillium oxalicum 14.20
Aspergillus flavus 10.01
Trichoderma viride 29.01

Table. 3: Minimum Per centage | nhibition of Test Fungi Using Ethanolic Extracts of Dioscorea alata Peel

40%

| solates 10% 20%  30%
Fusarium oxysporum 35 44 34
Rhizopus stol onifer 50 41 34
Botryodiplodia theobromae 52 42 35
Trichoderma viride 36 47 34

24

Table. 4: Minimum Per centage I nhibition of Test Fungi using M ethanolic Extracts of Dioscorea alata Peel

40%

| solates 10% 20%  30%
Fusarium oxysporum 26 28 35
Rhizopus stol onifer 32 33 30
Botryodiplodia theobromae 32 21 27
Trichoderma viride 28 23 25

31
27
34
29

Table. 5: Minimum Per centage I nhibition of Test Fungi using Gentamicin Extracts of Dioscorea alata Peel

| solates 10% 20% 30% 40%
Fusarium oxysporum 13 135 145 15
Rhi zopus stol onifer 10 12.5 13 135
Botryodiplodia theobromae 9.5 10 11 12
Trichoderma viride 13 135 14 15

CONCLUSION

The peel extract of water yarDipscorea alata) have the potential to control rot in post-harweesi tubers. This
can provide alternative ways in reducing rot in gaiman the use of chemical fungicides. The biollggmtagonists
are less expensive and environmentally friendlyadvantage over chemical (synthetic) fungicides.
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