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Phytochemicals of Melia azedarach
Inhibiting the Growth of Rhizoctonia solani
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Black scurf is one of the oldest and common diseases of potato stems and
stolons below the soil surface caused by Rhizoctonia solani. The present study was
carried out to investigate the antifungal potential of Melia azedarach against this soil-
borne fungal pathogen. Different concentrations (1, 2, ..., 5%) of aqueous, methanol, n-
hexane and chloroform extracts of leaves, stems and fruits of M. azedarach were prepared
and were evaluated for their in vitro antifungal activity. Data were analyzed by Tukey
HSD test at 5% level of significance. All the extracts showed variable antifungal activity.
In general, leaf extracts exhibited the highest inhibitory effect against growth of the
fungal pathogen followed by stem-bark and fruit extracts, respectively. Among the various
extracts, leaf chloroform extract, stem-bark methanolic extract and fruit aqueous extract
showed the best antifungal activity resulting in 20-89%, 4-85% and 28-70% reduction in
fungal biomass over corresponding control treatments, respectively.
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Soil-borne fungi are considered as major
constraint in agro-ecosystem. Rhizoctonia solani
is among those soil-inhabiting fungi that infect
numerous plant species including potato, tomato
and wheat *. It is worldwide in distribution, has
physiologic strains and wide host range. It has a
tendency to attack young tissues, especially
bedding plants grown from seeds are susceptible
to pre-emergence damping-off that accountsfor a
main portion of disease loss due to R. solani®.
Rhizoctonia canker commonly called black scurf
is one of the oldest and common infections of
potato stems and stolons below the soil surface.
The pathogen is also involved in early dying
syndrome of potato &
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Fungicides are the primary means of
controlling R. solani ", However, this approach
not only uneconomical but also pollutes the
environment °. There is an increasing awareness
about the health hazards involved in the use of
chemical pesticides. Therefore, much attention is
being focused on alternative methods and new
strategies to control plant pathogens!®*. Among
the alternative methods, plant extraxts and pure
constituents have been proved ecofriendly. Several
recent studies have shown the antifungal
properties of many plant species against common
plant pathogens %25,

Medicinal plants are not only an
important source of new pharmaceuticals but also
serves as sources of antimicrobial agents. Plant
extracts are known to play important role in
suppressing of seed-borne pathogen Fussarium
oxysporumresulting inimproved seed germination
16 Several plant families like Acanthaceae,
Anonaceae, Amranthaceae, Magnoliaceae and
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Meliaceae are known for their antifungal
propertiest”. Many membersof Meliaceaearebeing
screened worldwide for their medicinal
applications, one among them is Melia azedarach
L. Many tribal usemembersof family Meliaceaefor
both fungal and bacteria ailments since ancient
times. M. azedarach isanative of Tropical Asiabut
introduced and naturalized in many other countries
likeAustralia, Africa, United States of Americaand
many Arab countries. Screening of three species of
Meliaceae family namely Azadirectaindica, Toona
ciliata and M. azedarach were done against
Macrophoma phaseolina and it was found that the
aqueous extracts of, these plants exhibit antifungal
potential 8. There are reports that residues of M.
azedarach contain antifungal acidsnamely hydroxy
coumarin scopoletin, pinoresinol, 4- hydroxyl-3-
methycinnamaldehyde and vanillin *%, The
objective of present study was to investigate the
antifungal activity of aqueous as well as organic
solvent extractsof lesf, stem bark and fruitsof Melia
azedarach against R. solani.

MATERIALSANDMETHODS

I solation of target fungal species

R. solani was isolated from potato tuber
infected with black scruf disease. Infected portions
bearing the fungal sclerotia were cut into small
pieces and surface sterilized with 1% sodium
hypochlorite solution for 2 minutes. Thereafter,
thorough washing with sterilized water was done
and pieces were placed on potato dextrose agar
(PDA) medium in 9-cm diameter Petri plates and
incubated at 25+2 °C for one week. Pure culture
was stored in therefrigerator at 4 °C.
Extract preparation

Leaf, stem-bark and fruit materials of M.
azedarach were collected. Plant materials were
thoroughly washed in running tap water and
surface sterilized with 1% sodium hypochlorite
solution, thoroughly washed with sterilized water,
dried at 40 °C in an electric oven and grinded to
form powder. This powder was then stored in
polyethylene bags and used according to the need
of experimental work to make extractswith water,
methanol, n-hexane and chloroform.
Bioassays with aqueous and organic solvent
extracts

Twenty grams of powdered materials of
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each plant part were soaked in 100 mL of sterilized
distilled water, n-hexane, chloroform and methanol
for 24 hours and filtered to prepare 20% extracts.
The extracts were dried in an oven at 45 °C until
thedesired quantity (2 mL) wasreceived. Thenthe
final volume was made up to 100 mL by adding
autoclaved sterilized distilled water. Potato dextrose
broth was autoclaved and cooled to 40 °C. Eighty
millilitersof mediumwerepouredin 250 mL flasks.
Appropriate quantities of stock solutions and
distilled water wereadded tomake 1, 2, ..., 5% (v/
V) concentrations and to make a final volume of
100 mL in each flask. Control treatments were
without plant extracts and only received distilled
water or methanol, n-hexaneor chloroform (2mL in
100 mL water). Five millimeter diameter actively
growing mycelial disks of R. solani were
transferred to the flasks aseptically. Flasks were
incubated at 25 °C + 2 for oneweek in anincubator.
Each treatment was replicated three times. Fungal
biomassin each flask wasfiltered, dried to constant
weight and weighed after one week.
Statistical analysis

Two factor Completely Randomized
Design (CRD) was applied. All the data were
analyzed by analysis of variance (ANOVA). The
comparisonsamong meanswereworked out using
Tukey HSD test at 5% level of significance.

RESULTS

Leaf extracts were the most effective in
reducing fungal growth ascompared to stem-bark
and fruit extracts. Among all the extracts screened
with different solvents, chloroform extracts showed
promising resultswith maximum inhibitionin fungal
biomass over control. It was aso observed that
from 1-5 % concentrations of different aqueous
and organic solvent extracts from all the parts of
plant, 5% concentration showed maximum
reductioninfungal biomass (Table 1-3).

Aqueousextracts of fruit of M. azedarach
at all concentration reduced biomass of R. solani
by 28-70%. Similarly, all the concentrations of
metanolic and n-hexane extracts of fruit
significantly declined the biomass of target fungal
pathogen by 25-55% and 21-40%, respectively.
Chloroform extract, however, not proved much
inhibitory against the growth of fungal pathogen.
Antifungal effect of lower concentrations of 1%
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In general, varioustypes of stem extracts
of M. azedarach exhibited variable antifungal
activity. Methanol stem extract showed the best
antifungal activity resultingin 4-85% reductionin
fungal biomass at different concentrations.

and 2% of fruit chloroform extract wasinsignificant.
By contrast, higher chloroform extract
concentrations significantly lowered the fungal
biomass by 24-81% over corresponding control
treatment (Table 1).

Table 1. Effect of agueous and organic solvent extracts of M. azedarach fruit on biomass of Rhizoctonia solani

Conc. Fungal biomass (mg) Mean
(%) Water M ethanol n-hexane Chloroform

0% 216.67+8.82a 210.00£5.77a 123.33+3.33d 103.33+3.33¢f 163.33+15.4A
1% 156.67+3.33b 156.67+3.33b 93.33+3.33fgh 96.00+3.06fgh 125.67+9.45B
2% 143.33+3.33bc 146.67+3.33bc 97.00+0.58fg 89.00+0.58f-i 119.00+7.96B
3% 116.67+3.33de 130.00+5.77cd 94.00+0.58fgh 77.67+1.45hij 104.58+6.26C
4% 96.67+3.33fg 116.67+3.33de 84.00+0.58ghi 48.33+0.88k 86.42+7.57D
5% 65.00+£2.89k 93.33+3.33fgh 74.00+0.58ij 19.00+0.58l 62.83+8.29E
Mean 132.50+11.8B 142.22+8.99A 94.28+3.73C 72.22+7.21D

Means sharing different letters in a row or column are significantly different (P<0.05). Small letters represent comparison
among interaction means and capital letters are used for overall mean.

Table 2. Effect of agueous and organic solvent extracts of M. azedarach stem-bark on biomass of Rhizoctonia solani

Conc. Fungal biomass (mg) Mean
(%) Water M ethanol n-hexane Chloroform

0% 126.67+3.33ab 139.67+0.33a 98.00+1.15cd 90.33+0.33de 113.67+6.14A
1% 113.33+6.67bc 135.67+2.96a 96.33+1.86d 90.00+0.00de 108.83+5.57A
2% 96.67+3.33d 86.67+3.33def 86.00+0.58def 69.00+0.58gh 84.58+3.17B
3% 96.67+3.33d 70.00+5.77gh 87.33+0.88def 69.00+0.58gh 80.75+3.82B
4% 73.33+3.33fgh 65.00+2.89gh 78.00+0.58efg 59.00+0.58hi 52.67+7.96C
5% 68.67+0.33i 20.00+5.77] 74.00+0.58fgh 49.004£0.58i 54.08+6.82C
Mean 85.89+9.37A 86.17+10.19A 86.61+2.15A 71.06+3.67B

Means sharing different letters in a row or column are significantly different (P<0.05). Small letters represent comparison
among interaction means and capital letters are used for overall mean.

Table 3. Effect of agueous and organic solvent extracts of M. azedarach |eaves on biomass of Rhizoctonia solani

Conc. Fungal biomass (mg) Mean
(%) Water M ethanol n-hexane Chloroform

0% 116.7+3.3 a 106.7+3.3 a 89.7+3.3 b 49.3+0.7 gh 90.6+7.8 A
1% 76.7+3.3 b-e 86.7+3.3 bc 80.0+5.8 bed 39.3+0.7 hi 70.7+5.8 B
2% 76.7+3.3 b-e 73.3£3.3 cde 78.0+0.6 b-e 29.0+£0.6 ij 64.3+6.2 C
3% 58.3+4.4fg 65.0+£2.9 ef 68.0+0.6 def 19.0+0.6 jk 52.6+6.0 D
4% 48.3+1.7 gh 49.3+0.7 gh 58.0+0.6 fg 8.3+0.3 ki 41.0+¢5.8E
5% 49.3+0.7 gh 13.3+3.3 Kkl 48.3+0.3gh 5.0+0.6 | 29.0¢6.1 F
Mean 71.0£5.8 A 65.7£7.2B 70.3+t35A 25.0£39C

Means sharing different letters in a row or column are significantly different (P<0.05). Small letters represent comparison
among interaction means and capital letters are used for overall mean.
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Aqueous and chloroform extract also showed
pronounced antifungal activity resultingin 11-45%
and 0.4-46%, respectively. n-hexane extract
showed the least antifungal activity where only
the highest concentrations of 4% and 5%
significantly reduced fungal biomass by 20% and
24%, respectively (Table 2, Fig. 1).

Different concentrations of leaf extracts
of M. azedarach inhibited the fungal growth to
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variable extents Chloroform extract was found to
be the most effective among the other extracts used
inthisexperiment, followed by methanol agueous
and n-hexane extract (Table 3). Therewas 20-89%,
12-87%, 34-58% and 10-21% reduction in fungal
biomass by different concentrations of chloroform,
methanol, aqueous and n-hexane extract,
respectively (Fig. 1).
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Fig. 1. Percentage decrease in fungal biomass due to various extract treatments over control
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DISCUSSION

Present study reveals that leaves of M.
azedarach posses more antifungal propertiesthan
stem-bark and root, similarly leaves of Jatropha
curcas extract possess better antifungal properties
when compared to stem and root extracts . L eaf
is one of the major accumulatory parts of plants
for bioactive compounds and people have
generally preferred it for its therapeutic purposes
2, It has been reported that ethanolic extracts of
senescent |leaves of M. azedarach exhibited
fungistatic activity against Diaporthe
phaseolorumvar. meridionales, Aspergillusflavus,
Fusarium solani, F. oxysporum, F. verticillioides,
and Sclerotinia sclerotiorum °, Similarly,
fungicidal activity of ethanol and chloroform |eaf
extracts of this tree species against Ascochyta
rabiei , was reported®. The antifungal activity of
M. azedarach could be attributed to the presence
of antifungal compounds namely vanillin,
hydroxycoumarin scopoletin, (+) pinoresinol and
4-hydroxy-3-methoxycinnamal dehyde % 2°,
Recently, five compounds namely &-sitosterol, &
amyrin, ursolic acid, 3-5 dimethoxy benzoic acid
and benzoic acid have beenisolated from theleaves
of M. azedarach, which showed antifungal activity
against A. rabiei ?*. Overall methanolic and
chloroform extracts showed considerable
antifungal activity over n-hexane. However, inthe
stem-bark extracts, methanol extracts showed more
pronounced antifungal effect than chloroform
extract. Similarly, it was reported that alcoholic
extracts possess more antibacterial activity than
chloroform extracts®. This shows that some
compounds are more effective and extraction is
moreefficient in more polar rather thanin less polar
solvents %, Similar results have been reported by
previous researchers 6%,

Aqueous extracts of fruit also showed
considerable antifungal effects by reducing the
fungal biomass. Our findings are in line with the
findings of other scientists 8. They screened
agueous extracts of three plants of Meliaceae and
found that both Azadirachta indica and M.
azedarach significantly reduced biomass of M.
phaseolina by 34-85% and 43—78%, respectively.
It has been reported by earlier workers,that asthe
concentration increases antifungal activity also
increases 2> %0, Recently, methanolic extracts of
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three parts of Sorghum halepense Pers. against
M. phaseolinaand were evaluated and found that
the highest concentration possessed the highest
antifungal property L.

In conclusion, generally all types of
extracts from M. azedarch leaf, stem and fruit
showed different levels of antifungal activity
against R. solani. The best antifungal activity was
exhibited by chloroform extract of leaf, methanolic
extract of stem-bark and agueous extract of fruit
resulting in 20-89%, 4-85% and 28-70% reduction
in fungal biomass over control, respectively.

ACKNOWLEDGEMENTS

The authors extend their appreciation to
the Deanship of Scientific Research at King Saud
University for funding the work through the
research group project No. RGP-V PP-066.

REFERENCES

1. Keiser, A., Haberli, M., Stamp, P. Quality
deficiencies on potato (SolanumtuberosumL.)
tubers caused by Rhizoctonia solani, wireworms
(Agriotes ssp.) and slugs (Deroceras
reticulatum, Arion hortensis) in different farming
systems. Field Crop Res., 2012; 128:147-155.

2. Bartz, F. E., Norman, J., David, A., Cubeta,
A.M. Modulation of the phenylacetic acid
metabolic complex by quinic acid alters the
disease-causing activity of Rhizoctonia solani
on tomato. Phytochem., 2013; 89:47-52.

3. Handiseni, M., Brown, J., Zemetra, R., Mazzola,
M. Effect of Brassicaceae seed meals with
different glucosinolate profiles on Rhizoctonia
root rot in wheat. Crop Prot., 2013; 48:1-5.

4, Mehta, M.C., Palni, U., Franke-Whittle, H.I.,
Sharma, K.A. Compost: Itsrole, mechanism and
impact on reducing soil-borne plant diseases.
Was. Man.,2014; 34: 607-622.

5. Benson, D. M., Cartwright, K.D. Ornamental
diseases incited by Rhizoctonia species
taxonomy, molecular biology, ecology, pathology
and disease control, Kluwer. Academic
Publishers Dordrecht, Netherlands., 1996; pp
303-314.

6. Koteon, J. B., Rouse, |.D., J. E. Mitchell, E.J.
Interactions of Verticillium dahliae,
Colletotrichum coccodes, Rhizoctonia solani and
Pratylenchus penetrans in the early dying
syndrome of Russet Burbank potatoes.
Phytopathology., 1985; 75: 68-74.

J PURE APPL MICROBIO, 8(2), APRIL 2014.



1608

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

SIDDIQUI et a.: PHYTOCHEMICALS OF Melia azedarach

Djébali, N., Belhassen,T. Field study of the
rel ative susceptibility of eleven potato (Solanum
tuberosumL.) varieties and the efficacy of two
fungicides against Rhizoctonia solani

Dubey, S.C., Singh, B. Integrated management
of mgjor diseases of mungbean by seed treatment
and foliar application of insecticide, fungicides
and bioagent. Crop Prot., 2013; 47; 55-60.attack.
Crop Prot., 2010; 29: 998-1002.

Nannipieri, P. The potential use of soil enzymes
asindicators of productivity, sustainability and
pollution. In: Soil Biota. Management in
Sustainable Farming System. C.E. Punkhurst,
B.M. Doube (eds.). CSIRO Adelaide., 1994; pp
238-244.

Javaid, A., Saddique,A. Management of
Macrophomina root rot of mungbean using dry
leaves manure of Datura metel as soil
amendment. Span. J. Agric. Res., 2011; 9: 901-
905.

Javaid, A., Saddique, A. Control of charcoal rot
fungus Macrophomina phaseolina by extracts
of Daturametel. Nat. Prod. Res., 2012; 26: 1715-
1720.

Dubey, R. C.,Kumar,H., Pandey,R.P. Fungitoxic
effect of neem extracts on growth and sclerotial
survival of Macrophomina phaseolinain vitro.
J. Am. i, 2009; 5: 17-24.

Igbal, D., Javaid, A. Bioassays guided
fractionation of Coronopus didymus for its
antifungal activity against Sclerotiumrolfsii. Nat.
Prod. Res., 2012; 26:1638-1644.

Javaid, A., Samad,S. Screening of allelopathic
trees for their antifungal potential against
Alternaria alternata strainsisol ated from dying
back Eucalyptus spp. Nat. Prod. Res., 2012;26:
1697-1702.

Rizwana, H., AL-hazzani,A.A., Afaf, S.I.,
Nadine, M.S.M. Antibacterial potential of
Withania somnifera L. against human pathogenic
bacteria. Afr. J. Microbiol. Res., 2012; 22: 4810-
4815.

Nwachukwu, E. O., Umechuruba, I.C. Antifungal
activities of some leaf extracts on seed-borne
fungi of African yam bean seeds, seed
germination and seedling emergence. J. Appl. Sci.
Environ. Manage., 2001;5: 29-32

Neerman, M.F. Sesquiterpenes lactones a
diverse class of compounds found in essential
oils possessing antibacterial and antifungal
properties. Int. J. Aromath., 2003;13:114-120.
Ashraf, H., Javaid, A. Antifungal activity of
Meliaceae family against Macrophomina
phaseolina - The cause of charcoal rot disease
of sunflower. Mycopath., 2007; 5:81-84.
Carpinella, M. C., Giorda, M. L., Ferrayoli, C.G.

J PURE APPL MICROBIO, 8(2), APRIL 2014.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Antifungal effects of different organic extracts
from Melia azedarach L. on phytopathogenic
fungi and their isolated active components. J.
Agric. Food Chem., 2003; 51: 2506-2511.
Carpinella, M. C., Ferrayoli, C.G. Antifungal
synergistic effect of scopoletin, a
hydroxycoumarin isolated from Melia azedarach
L. fruits. J. Agric. Food Chem., 2005; 53: 2922-
2927.

Sharma, A. K., Gangwar,M., Tilak, R., Akhoury,
N.G., Yamini, S.K.S., Kumar, D.T.B.
Comparative in vitro antimicrobial and
phytochemical evaluation of methanolic extract
of root, stem and leaf of Jatropha curcas Linn.
Pharmacognosy J., 2012; 4:30-34.

Maji, S., Dandapat, P., Ojha, D., Maity, C.,
Halder, K. S., Das Mohapatra, P. K.,.
Pathak,K.T., Pati, R.B., Samanta, A.,
Mondal,C.K. Invitro antimicrobia potentialities
of different solvent extracts of ethnomedicinal
plants against clinically isolated human
pathogens. J. Phytol ., 2010; 2: 57-64.

Jabeen, K., Javaid,A., Athar,M. Fungistatic
activity of aqueous and organic solvent extracts
of Melia azedarach against Ascochyta rabiei.
Pak. J. Phytopathol., 2008; 20 :143-149.
Jabeen, K., Javaid, A., Ahmad, E., Athar, M.
Antifungal compounds from Melia azedarach
|eaves for management of Ascochytarabiei, the
cause of chickpeablight. Nat. Prod. Res., 2011,
25: 264-276.

Owais, M., Sharad,S. K., Shehbaz, A.,
Saleemuddin,M. Antibacterial efficacy of
Withania somnifera (ashwagandha) an
indigenous medicinal plant against experimental
murine salmonellosis. Phytomedicine., 2005;
12:229-235.

Mahesh, B., Satish,S. 2008. Antimicrobial
activity of some important medicinal plants
against plant and human pathogens. World J.
Agric. Sci 4, 839-843.

Rajendran, N. K., Ramakrishnan,J. In vitro
evaluation of antimicrobial activity of crude
extracts of medicinal plants against multi drug
resistant pathogens. Biyoloji Bilimleri
Araptyrma Dergisi., 2009; 2: 97-101.
Sundaram, S., Priyanka, D., Shalini, P. In vitro
evaluation of antibacterial activities of crude
extracts of Withania somnifera (Ashwagandha)
to bacterial pathogens. Asian J. Biotechnol .,
2011;3:194-199.

Abd-el-khair, H., Haggag, M.W.Application of
some Egyptian medicinal plant extracts against
potato late and early blights. Res. J. Agric. Biol.
Sci., 2007; 3:166-175.

Aslam, A., Naz.F., Arshad.M.,qureshi,R., Rauf,



SIDDIQUI et a.: PHYTOCHEMICALS OF Melia azedarach 1609

A. C. In vitro antifungal activity of selected  31. Javaid, A., Nagvi, F .S., Shoaib,A. Antifungal

medicinal plant diffusates against Alternaria activity of methanolic extracts of Sorghum
solani, Rhizoctonia solani and Macrophomina halepense against Macrophomina phaseolina.
phaseolina. Pak. J. Bot., 2010; 42:2911-2919. Afr. J. Microbiol. Res., 2012; 6:5814-5818.

J PURE APPL MICROBIO, 8(2), APRIL 2014.



