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Abstract
Efficacy of medicinal plants such as Zingiber officinale Rosc., Piper nigrum Linn., Azadirachta indica A. Juss., Nicotiana tabacum

Linn and Carica papaya Lam. as well as a synthetic fungicide (mancozeb) using three concentrations of plant extracts (30 g/L, 60 g/L

and 90 g/L) and three concentrations of mancozeb (4 g/L, 8 g/L and 12 g/L) for the management of yam tuber rot fungal pathogen
caused by Penicillium expansum isolated from rotted yam tubers in storage were carried out. Decayed and good tubers were got from

farmers’ barns and P. expansum was isolated and identified from the rotted yam in the laboratory at Federal University of Agriculture,

Makurdi, Nigeria. Pathogenicity test was conducted, and the result revealed that P. expansum was pathogenic to yam tubers. The result showed that the test plants significantly (P < 0.05) inhibit growth of P. expansum in vitro. P. nigrum was the most effective extract

among the extracts with growth inhibition of 60.38%, 71.32% and 76.29% at 30 g/L, 60 g/L and 90 g/L concentrations respectively;

followed by Z. officinale with mean percentage growth inhibition of 57.37%, 63.85% and 72.06% at 30 g/L, 60 g/Land 90 g/L respectively. The least inhibited plant extract was C. papaya with mean percentage growth inhibition of 43.52%, 47.91% and 63.24%
at 30 g/L, 60 g/Land 90 g/L respectively. There was 100% inhibition using mancozeb in spite of the concentration and duration of

incubation. It is therefore concluded that all the plant extracts at different concentrations posses’ antifungal compounds capable of

inhibiting mycelial growth of fungal pathogens and can thus be used to control fungal rots of yam since they are eco-friendly, less
expensive, easily available and simple to prepare.
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Introduction
Yams (Dioscorea sp) are major staple food and source of live-

lihood for most parts of West Africa, East Africa, the Caribbean,
South America, India and South East Asia [1,2]. It has been reported
that Nigeria is the largest producer of the crop, producing about

38.92 million metric tonnes annually [3,4]. Despite the high volume

of production, pathogenic fungi continue to cause losses at differ-

ent stages of growth including post-harvest. Losses in yam after
harvest could be as high as seven million metric tonnes per year

(Taiga, 2011). Losses due to post-harvest rot significantly affect

farmers’ and traders’ income, food security and seed yams stored
for planting.

Fungal pathogens constantly inciting rot in yam include Fusari-

um oxysporum, F. solani Aspergillus flavus, A. niger, Rhizoctonia spp.,
Botryodiplodia theobromae, Penicillium chrysogenum, P. oxalicum,

Trichoderma viride and Rhizopus nodosus [5-8]. Several methods
have been used to control these deteriorating fungal pathogens

but many of which such as chemical method have been proven to
have detrimental effects to the environment as they are non-biodegradable and extremely toxic [9,10]. Other disadvantages of using

chemicals include genotoxicity, reproductive disorders immuno-

suppression and hepatotoxicity [11-14]. As a result of these effects,

it is necessary to search for alternative control measures that are

non-toxic, eco-friendly and cost-effective for the management of
yam fungal pathogens. Extracts of plant origin are known to con-

tain toxic free compounds such as, glycosides, flavonoids, phenols,
saponins, alkaloids sterols etc [10]. The study therefore focuses on
the use of selective aqueous plant extracts in the in vitro control of
P. expansum isolated from yam tubers in storage.

Materials and Methods
Study area

The study was conducted at the Advanced Plant Pathology Lab-

oratory, Federal University of Agriculture, Makurdi, Nigeria.
Source of yam tubers

Rotted yam tubers were collected from yam farmers from Zaki-

Biam, Benue State, Nigeria. The location of the settlement lies be-

tween longitudes 9o 25' and 9o 28'E, and latitude 7o 32ʹ and 7o 35′N
respectively. The yam tubers were packaged in sterile polyethyl-

ene bags, taken to the laboratory for isolation and identification
of pathogens two days after collection. The medium used in the

isolation of P. expansum was Potato Dextrose Agar (PDA) while the

healthy yams were used for pathogenicity test according to Koch’s
postulate.

Isolation and identification of P. expansum
The diseased yam tubers were cut at interphase between

Citation: Gwa VI., et al. “Antifungal Effect of Five Aqueous Plant Extracts on Mycelial Growth of Penicillium Expansum Isolated from Rotted Yam Tubers in

Storage". Acta Scientific Agriculture 2.6 (2018): 65-70.

Antifungal Effect of Five Aqueous Plant Extracts on Mycelial Growth of Penicillium Expansum Isolated from Rotted Yam Tubers in Storage
66

healthy and disease tissues. Yam pieces were sterilized in 5% So-

oculation of the plates was done at the intersection of lines drawn

were incubated on acidified sterile potato dextrose agar per Petri-

[19]. Three plates were treated with extract of each plant extract.

dium hypochlorite solution for 2 minutes. The pieces were then

rinsed in three changes of sterile distilled water and four pieces
dish at ambient room temperature (30 ± 5°C) for 192 hours before
observing for fungal colonies. Pure cultures of each fungal isolate
were maintained by aseptic transfer to a freshly prepared medium.

Identification of P. expansum was done with the aid of microscope
and cultural characteristics growth [11,12].
Pathogenicity test

Fresh looking healthy yam tubers were washed with tap water,

before sterilization in 5% Sodium hypochlorite solution for 30 seconds. The chemical was rinsed off in three successive changes of

sterile distilled water before drying for about 1 hour. A sterile 5
mm diameter cork borer was used to remove discs from the yam

tubers. [13]. A disc of a five days old culture of P. expansum isolated

at the bottom of the plates after the solidification of the medium
using a 5 mm disc diameter of one-week old culture of P. expansum

The control experiments had 5 ml of distilled water added to PDA
in place of plant extracts respectively; the treatments and control

were completely randomized [20] and incubated for 120 hours at
ambient room temperature (30 ± 5oC). Measurement of growth as

radius of a growing fungal colony of P. expansum was determined

after 24 hours interval for 120 hours with a transparent ruler. The

potency of the extracts and synthetic fungicide were determined
as absence of growth in any of the plates inoculated with P. expansum. Toxicity against P. expansum was calculated as percent growth
inhibition (PGI) as determined by Korsten and De Jager [21].
PGI (%) =

R - R1
R

× 100

from yam tubers was transferred into holes created in the healthy

Where,

experiment had only discs of uninoculated PDA placed in the holes

the point of inoculation to the colony margin in control plate,

tubers; petroleum jelly was used to completely seal the remaining

portions of the holes created in the yam tissues [14]. The control
instead of the mycelia of the P. expansum [14]. The inoculated tubers were incubated for 14 days at room temperature (30 ± 5oC)

under sterile condition. After incubation period of 14 days at room

temperature, the tubers were examined for infection and disease
development.

Preparation of plant extracts
The different plant parts were prepared using the method of

PGI = Percent Growth Inhibition

R = distance (measured in mm) of P. expansum growth from

R1 = distance of P. expansum growth from the point of inocula-

tion to the colony margin in treated plate.
Data Analysis

Test of variance was calculated using Analysis of variance (ANO-

VA) and statistical F-tests were evaluated at P ≤ 0.05. Fishers least

significance difference was used for means separation (F-LSD) [22].

Results

Taiga [15] and Tijjani., et al. [16] with little modifications as de-

Isolation of P. expansum

ficinale (Ginger), leaves of Azadirachta indica (Neem), leaves of Car-

bers. The characteristics growth of the colony of P. expansum on

and 90 g/L of the powder of each plant extracts was added to 1 litre

ish grey colour with a clear zone around it. Colonies were often

scribed by Gwa and Akombo [8]. The procedures of preparation of
the seeds of Piper nigrum (Black Pepper), Rhizomes of Zingiber of-

ica papaya (Pawpaw) and leaves of Nicotiana tabacum (Tobacco)
were as described by Gwa and Akombo [8]. About 30 g/L, 60 g/L

of sterile distilled hot water (100oC) separately in 1000 ml Pyrex

flask. The concentrations were left for 24 hours and subsequently
filtered using fourfold of sterile cheese cloth. The filtrates that were

collected from each concentration were used as the plant extracts
in the experiment. Concentrations of 4 g/L, 8 g/L and 12 g/L were

used for mancozeb in the inhibition of P. expansum. The efficacy of
the extracts from plant origin and the chemical were tested in culture for their potency in inhibiting the mycelia growth of P. expan-

P. expansum was isolated and identified from the rotted yam tu-

PDA was fast covering the entire plate within 7 days of incubation

(Figure 1). The mycelia of the fungus produced were powdery blu-

dominated by copious, clear to yellow or brown exudates at the

centres (Figure 1). Microscopic examination of the mycelia showed
that conidia were spherical to sub-spheroidal, with walls smooth
or very finely roughened, typically borne in long, well defined columns, one per metula, arranged in a characteristic whorl on each
conidiophores (Figure 2).

sum at different concentrations.

Antifungal activity of some plant extracts on growth of P.
expansum
The method of Amadioha and Obi [17] was used to determine

the effect of selected plant extracts and the chemical fungicide on
fungal mycelia growth on Potato Dextrose Agar (PDA) medium.

This involves drawing two perpendicular lines at the bottom of

the plate; the point of intersection indicates the centre of the plate
where the pathogen will be inoculated. Sterilized Petri dishes were

used to pour the medium into and 5 ml of each plant extracts and
chemical fungicide at respective concentrations were poured into

Petri dishes containing 15 ml of the media separately [18]. The
plates containing the extract and medium in a ratio of 1:3 were

mixed thoroughly and allowed to solidify after some time. The in-

Figure 1: Culture of P. expansum on Potato Dextrose Agar.
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Figure 2: Micrograph of conidia of P. expansum (×10).

Figure 4: Control

Pathogenicity test
The result of the pathogenicity test established the susceptibil-

ity of the healthy yam tubers and invasion by rot inducing P. ex-

pansum (Figure 3). Yam tubers treated without P. expansum mycelia
showed no symptom of rot (Figure 4).

In-vitro effect of plant extracts on the mycelia growth of P. expansum isolated from rotted white yam tubers
Table 1 shows that P. nigrum, Z. officinale, N. tabacum, C. papaya

and A. indica had antifungal properties against P. expansum at all

the levels of concentrations tested. Z. officinale, there were no significant differences at concentration 30 g/L using C. papaya and
N. tabacum across period of incubation; however, P. nigrum and A.

indica showed significant difference at all the levels of concentrations. At concentration II and III, all the extracts showed significant

differences in inhibiting the mycelia growth of P. expansum across
the period of incubation. There was no significant difference (P
≤ 0.05) at 24 hours of incubation but varied significantly for all

the plant extracts in the remaining period of incubation (Table 1).

Mean percentage growth inhibition of P. expansum after 120 hours
of incubation showed an increase in the performance of the ex-

tracts from the lowest concentration to the highest concentration.

The result showed higher inhibition of P. expansum using extracts
of Z. officinale, N. tabacum and P. nigrum compared A. indica and
C. papaya extracts (Table 2). Mancozeb was however, observed to

show no variation in inhibiting the growth of P. expansum in both

Figure 3: Rotted yam by P. expansum.

concentration and duration of incubation. Mean inhibition of three
concentrations (30 g/L, 60 g/L and 90 g/L) of plant extracts on

growth of P. expansum throughout the period of incubation showed
that increase in the duration of incubation resulted to decrease in
the performance of the extracts (Figure 5).
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Figure 5: Mean percentage growth inhibition of three concentrations of plant extracts (30 g/L, 60 g/L and 90 g/L)
and mancozeb (4 g/L, 8 g/L and 12 g/L) of mancozeb on the mycelial growth of P. expansum.
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percentage growth inhibition of P.expansum after 120 hours of incubation.
Plant
Extract
Piper
nigrum

Zingiber
officinale

Azadiracta indica

24

Conc I (30)

85.00 ± 7.64

Nicotiana
tabacum

Mancozeb

48
a

Conc II (60)

88.90 ± 11.10

Conc I (30)

62.80 ± 14.80

Conc III (90)
Conc II (60)

Conc III (90)

a

100.00 ± 0.00a
73.89 ± 3.89a
93.33 ± 3.12

a

Conc I (30)

56.10 ± 12.20a

LSD

32.28

Conc II (60)

Conc III (90)
Carica
papaya

Period of Incubation (Hours)

Concentration
(g/L)

Conc I (30)

67..22 ± 4.34
82.22 ± 9.69

a

a

56.10 ± 12.20

72

10.51

49.19 ± 1.75

26.12ns

b

15.09

62.70 ± 6.50a

44.80 ± 9.16a

36.01 ± 5.70b

64.23 ± 3.12

25.53

36.09 ± 5.55

42.56 ± 4.59a

44.78 ± 7.95

18.77

52.79 ± 5.86

23.13

32.17 ± 5.13

34.92 ± 4.97

28.29ns

82.33 ± 8.67

61.17 ± 5.77

c

59.62 ± 2.59

bc

55.57 ± 2.80

59.29 ± 4.67

b

8.73

68.25 ± 1.59

44.43 ± 7.88

58.99 ± 6.42

35.40 ± 12.70
36.15 ± 8.74b

34.05 ± 7.02b

40.16 ± 3.49ab

29.13

47.00 ± 8.55

41.69 ± 6.18

43.84 ± 4.18

37.27ns

a

b

76.72 ± 5.52
17.33

47.18 ± 9.21

a

30.36

81.22 ± 5.15a
76.72 ± 5.52a

75.66 ± 6.76ab

Conc II (8)

100.00 ± 0.00

100.00 ± 0.00

100.00 ± 0.00

100.00 ± 0.00

b

49.56 ± 5.86b

80.60 ± 10.00a

100.00 ± 0.00

62.97 ± 4.53c
59.50 ± 1.82b

69.42 ±
6.94abc

b

Conc III (90)

Conc III (12)

21.05

65.42 ± 2.59c

57.74 ± 4.48

57.65 ± 0.75b

60.80 ± 13.90

100.00 ± 0.00

11.73

c

56.23 ± 3.36b

c

52.89 ± 6.57

a

69.40 ± 19.40

Conc I (4)

45.50 ± 2.43

71.96 ± 3.22a

66.40 ± 8.40

Conc I (30)

82.22 ± 9.69a

51.85 ± 0.93

67.07 ± 5.08c

66.40 ± 8.40a

Conc II (60)

LSD
c

85.98 ± 1.61b

80.42 ± 6.94

62.80 ± 14.80ab
91.67 ± 8.33a

120

51.28 ± 1.28

ab

Conc II (60)

Conc III (90)

96

68.25 ± 1.59

b

47.18 ± 9.21b
52.71 ± 7.03c

100.00 ± 0.00

100.00 ± 0.00

100.00 ± 0.00

b

47.79 ± 5.10
18.88

b

43.65 ± 6.40b
44.18 ± 4.58b

b

21.75

b

50.10 ± 4.89b
51.62 ± 2.92b

22.64

21.77

49.45 ± 5.14c

53.92 ± 4.69bc

22.51

100.00 ± 0.00

100.00 ± 0.00

-

100.00 ± 0.00

100.00 ± 0.00

100.00 ± 0.00

100.00 ± 0.00

-

Means on the same row (for each Plant Extract) with the different superscript are statistically significant (p<0.05) by
period of incubation, ns = not significant.

Table 2: Mean Percentage Growth Inhibition of P. expansum at dif-

ferent concentrations of plant extracts and chemical fungicide after
120 hours of incubation.
Plant Extract
Azadiracta
indica
Carica papaya
Nicotiana
tabacum
Piper nigrum
Zingiber
officinale
Mancozeb
LSD

Concentrations

Conc I

Conc II

Conc III

48.44 ± 4.00cd

52.16 ± 4.16cd

61.32 ± 4.83c

52.56 ± 5.32bcd

60.38 ± 4.98bc

62.46 ± 4.39c

57.37 ± 3.56bc

63.85 ± 2.26b

43.52 ± 4.59d
60.38 ± 4.11b

100.00 ± 0.00a
11.18

47.91 ± 5.08d
71.32 ± 4.08b
100.00 ±
0.00a
10.87

63.24 ± 5.84c
76.29 ± 4.05b

72.06 ± 4.02bc
100.00 ±
0.00a
12.03

Means on the same column with the different superscript are

statistically significant (p < 0.05). (Conc I = 30 g/L of Plant extract,
4 g/L of Mancozeb; conc II = 60 g/L of Plant extract, 8 g/L of Mancozeb; Conc = 90 g/L of Plant extract, 12 g/L of Mancozeb).

Discussion
Rot of yam tubers is linked with various fungal pathogens both

in field and in storage. This has always made demand for yam tubers to exceed its supply (FAO 2013). The work revealed that P.

expansum is one of the fungal pathogens associated with storage

rot of different white yam cultivars in Zaki-Biam, Benue State, Ni-

geria. These pathogenic organisms were previously reported to
caused rot in yam tubers in Nigeria [6,23,24]. Test of pathogenicity

revealed that P. expansum initiated rot in the healthy yam by utilizing the nutrients in the yam as substrate for growth. The control

tubers were however not infected suggesting the absent of inoculum in the bored yam tissues.

The result revealed that the plant extracts and the chemical fun-

gicide possess antimicrobial compounds capable of inhibiting mycelia growth of P. expansum. Growth reduction in P. expansum was a

function of the type of plant extract, concentration of extract used

and as well as duration of incubation. This is in agreement with

earlier report by Gwa and Akombo [8]; Banso and Adeyemo [25]
and Bobbarala., et al [26]. According to Banso and Adeyemo [27]

the actions of the antifungal substances present in the plant ex-
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tracts were fungistatic at lower concentrations but became fungi-

cidal at higher concentrations as described by Amadioha [28]. The
results demonstrated that P. nigrum, Z. officinale, A. indica and the
synthetic chemical, mancozeb were more potent compared with C.
papaya and N. tabacum on inhibition of P. expansum. The differenc-

es in potencies may be attributed to presence of antimicrobial compounds or solubility of these compounds in water [29]. According

to Sani and Gwa [30] dried leaf powder of A. indica and rhizomes

of Zingiber Officinale extracts inhibited the growth of Fusarium

oxysporum and Rhizoctonia solani on tomato (Solanum Lycopersi-

69

papaya and N. tabacum plant extracts at various concentrations.
These plants could therefore be formulated and used as alternative

to chemicals in the management of fungal pathogens of yam tubers

since they have less adverse environmental effects, are easily avail-

able and less difficult to prepare compared to the use of synthetic
fungicides which are very costly and harmful to the environment.
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Though A. indica (neem plant) has a lot of antimicrobial activities
against different pathogens, it is also susceptible to other patho-

genic organisms. Vedashree., et al. [33] used herbal extracts of 26
plants belonging to 20 different families of the plant kingdom and

evaluated their antifungal activity against Phomopsis azadirachtae,
a fungus causing destructive die-back disease in neem plant.

Okigbo and Nmeka [34] showed that Z. officinale suppresses
the growth of rot fungi in culture and reduces rot development
in yam tubers. Larhsini., et al. [35] and Sasidhran and Menon [36]
demonstrated the antimicrobial activity of volatile oils of P. nigrum
(black pepper) against Bacillus subtilis, Pseudomonas aeruginosa,
Aspergillus niger, Candida albicans and Saccharomyces cervisisae.
Chima [37] in his study on phytochemical compounds of C. papaya
showed that post-harvest soft rot of yam caused by Rhizopus nigricans and Mucor circinelloides may be controlled by presence
of tannins, glycosides, alkaloids, and flavonoids in C. papaya. Ijato
(2011) studied the antifungal effects of Allium sativum (rhizome)
and Nicotiana tobacum (leaf) extracts on rot causing organisms on
yam against Aspergillus niger, Fusarium oxysporum, Rhizopus stolonifer, Botryodiplodia theobromae, Aspergillus flavus and Fusarium
solani and found out that both the aqueous and the ethanolic extract of the tested plants were effective as bio-killer on yam rot organisms. Studies conducted by Taiga., et al. [38] revealed that N.
tabacum cold extract was able to reduce growth of F. oxysporum
causal agent of yam rot. Antifungal compound, nicotine in N. tabacum was responsible in inhibiting the growth of P. expansum which
is dose dependent [39,40]. Age of plant, method of extraction and
time of harvesting plant materials may be responsible for the active substances in plants [17,34]. Antimicrobial activity of different
extracts increased as the concentration increased. However, P. nigrum, Z. officinale and A. indica were generally more fungitoxic than
C. papaya and N. tabacum at the same concentrations. The variation
may be due to presence of more toxic compounds in the seeds of P.
nigrum, rhizomes of Z. officinale and leaves of A. indica compared
with leaves of C. papaya and leaves of N. tabacum extracts [41,42].
Though mancozeb a synthetic fungicide consistently gave 100% inhibition of P. expansum irrespective of the concentration used, it is
advice that its use can only be when other methods prove ineffective due to its toxic effect on the environment [5,43-47].

Conclusion

The study revealed the potencies of Z. officinale, P. nigrum, A. in-

dica, C. papaya and N. tabacum plant extracts in the control of P.

expansum in vitro. The result proved that plant contained fungitoxic

principles against P. expansum and also showed that Z. officinale, P.

nigrum, A. indica were generally more effective compared with C.

This research received no specific grant from any funding agen-

Bibliography
1.

2.
3.
4.
5.
6.
7.
8.

9.

Okigbo RN. “A Review of Biological Control methods for Postharvest Yams (Dioscorea spp.) in Storage in South Eastern
Nigeria”. KMITL Science Technology Journal 4.1 (2004): 207215.
Food and Agricultural Organization. Rome (2013).

Food and Agriculture Organization. Production Year Book,
FAO, Rome (2008).

Kleih U., et al. “Nigeria-Scoping Yam Value Chain Analysis”.
Yam Improvement for Income and Food Security in West Africa
(2012): 1-53.

Markson AA., et al. “Control of Botryodiplodia theobromae
causing Tissue Rot of White Yam (Dioscorea rotundata Poir)”.
Scholarly Journal of Agricultural Science 2.1 (2012): 1-7.

Ogunleye AO and Ayansola OT. “Studies of Some Isolated RotCausing Mycoflora of Yams (Dioscorea Spp.)”. American Journal of Microbiology and Biotechnology 1.1 (2014): 9-20.
Okigbo NR., et al. “Control of white yam (Dioscorea rotundata)
rot pathogen using peel extract of water yam (Dioscorea alata)”. Advances in Applied Science Research 6.10 (2015): 7-13.

Gwa VI and Akombo RA. “Studies on the Antimicrobial Potency of Five Crude Plant Extracts and Chemical Fungicide in in
vitro Control of Aspergillus flavus, Causal Agent of White Yam
(Dioscorea rotundata) Tuber Rot”. Journal of Plant Sciences
and Agricultural Research 1.1 (2016): 1-8.
Yadav SK. “Pesticide Applications-Threat to ecosystems”. Journal of Human Ecology 32.1 (2010): 37-45.

10. Lakshmeesha TR., et al. “Efficacy of botanicals on soybean
seed-borne Fusarium equiseti”. VCFL Sciences 3 (2013a): 1016.
11. Ahmed KM and Ravinder Reddy Ch. “A pictorial guide to the
identification of seed borne fungi of sorghum, pear millet, finger millet, chickpea, pigeonpea and groundnut”. Information
Bulletin no. 34 (1993).
12. Burgess LW., et al. “Diagnostic manual for
plant diseases in Vietnam”. ACIAR Monograph No. 129 (2008): 210.

13. Okigbo RN and Ikediugwu FEO. “Studies on Biological Control of Post-Harvest Rot in Yams (Dioscorea rotundata) using
Trichoderrma viride”. Journal of
Phytopathology 148.6
(2000): 351-355.

14. Amienyo CA and Ataga AE. “Post-harvest fungal diseases of
sweet potato (Ipomoea batatas L.Lam) tubers sold in selected
markets in Rivers state, Nigeria”. Science Africa 5.2 (2006):
95-98.

Citation: Gwa VI., et al. “Antifungal Effect of Five Aqueous Plant Extracts on Mycelial Growth of Penicillium Expansum Isolated from Rotted Yam Tubers in

Storage". Acta Scientific Agriculture 2.6 (2018): 65-70.

Antifungal Effect of Five Aqueous Plant Extracts on Mycelial Growth of Penicillium Expansum Isolated from Rotted Yam Tubers in Storage

15. Taiga A. “Comparative Studies of the Efficacy of some Selected
Fungicidal Aqueous
Plant Extracts on Yam Tuber Dry
Rot Disease”. Annals of Biological Research 2.2 (2011): 332336.
16. Tijjani A., et al. “Efficacy of Some Botanicals for the Control of
Wet Rot Disease on Mechanically Injured Sweet Potato Caused
by Rhizopus Stolonifer in Bauchi State”. International Journal
of Scientific and Research Publications 3.6 (2013):1-10.

17. Amadioha AC and Obi VI. “Control of anthracnose disease of
cowpea Cymbopogon citratus and Ocimum gratissimum”. Acta
Phytopathologica et Entomologica Hungarica 34.92 (1999):
85-89.
18. Nene ZH and Thapilyal. “Management of mushroom pathogens
through botanicals”.
Indian Phytopathology 58 (2002):
189-193.

19. Vedashree S., et al. “Screening and assay of extracellular enzymes in Phomopsis azadirachtae causing die-back disease
of neem”. International Journal of Agricultural Technology 9.4
(2013): 915-927.

70

33. Vedashree S., et al. “Antifungal Activity of Herbal Extracts
against Neem Die-Back Pathogen Phomopsis azadirachtae”.
Asian Journal of Pharmaceutical Science and Technology 4
(2014): 126-132.
34. Okigbo RN and Nmeka IA. “Control of yam tuber with leaf extracts of Xylopia aethiopica and Zingiber officinale”. African
Journal of Biotechnology 4.8 (2005): 804-807.

35. Larhsini M., et al. “Antimicrobial Activity of some Moroccan
Medicinal Plants”. Phytotherapy Research 15.3 (2001): 250252.

36. Sasidhran I. and Menon AN. “Comparative Chemical Composition and Antimicrobial
Activity of Berry and Leaf Essential Oils of Piper nigrum L”. International Journal of Biological
and Medical Research 1.4 (2010): 215-218.
37. Chima N. “Antifungal Potencies of Leaf Extracts of Carica papaya on Fungi
implicated in Soft Rot of Yam”. Annals of
Food Science and Technology (2012).

20. Gomez KA and Gomez AA. “Statistical procedures for Agricultural Research 2nd Edition John Wiley and sons 680 (1984).

38. Taiga A., et al. “Comparative in vitro inhibitory effects of cold
extracts of some fungicidal plants on Fusarium oxysporium
Mycelium”. African Journal of Biotechnology 7.18 (2008):
3306-3308.

22. Cochran GW and Cox GM. “Experimental Designs”. 2nd Edn John
willey and Sons Inc. 611 (1992).

40. Suresh K., et al. “Studies on In Vitro antimicrobial activity of
ethanol extract of Rauvolfia tetraphylla”. Ethnobotanical Leaflets 12 (2008): 586-590.

21. Korsten L., and De Jager ES. “Mode of action of Bacillus subtilis
for control of avocado post-harvest pathogens”. South African
Avocado Growers’ Association Yearbook 18 (1995): 124-130.

23. Okoro O and Nwankiti AO. “Post-harvest Microbial Rot of Yam
in Nigeria”. Pathologia (2004): 35-40.

24. Shiriki D., et al. “Isolation of Nine Microorganisms from Rotten
Dioscorea rotundata (White Yam) and Antimicrobial Sensitivity Test with Five Plant Extracts”. Food and Nutrition Sciences
6.10 (2015): 825-835.
25. Banso A and Adeyemo SO. “Evalution of Antibacterial Properties of Tannins
Isolated from Dichrostachys cinereal”. African Journal Biotechnology 6.15 (2007): 1785-1787.

26. Bobbarala VP., et al. “Antifungal Activity
of
Selected
Plant Extracts Against Phytopathogenic Fungi Aspergillus
niger F2723”. Indian Journal of Science and Technology 2.4
(2009): 87-90.
27. Banso A., et al. “Antimicrobial Properties of Vernonia amygdalina extract”. Journal Applied Science and Management 3 (1999):
9-11.
28. Amadioha AC. “Evaluation of some Plants leaf extracts against
Colletotrichum lindemuthianum in Cowpea”. Acta Phytopathologica et Entomologica Hungarica 38.3-4 (2003): 259-265.

29. Amadioha AC. “Fungitoxic effects of some leaf extracts against
rhizopus oryzae causing tuber rot of potato”. Archives of Phytopathology and Plant Protection 33.6 (2000): 499-507.

30. Sani S and Gwa VI. “Fungicidal Effect of Azadiracta Indica and
Zingiber Officinale Extracts in the Control of Fusarium Oxysporum and Rhizoctonia Solani on Tomato (Solanum Lycopersicum) Fruits”. Innovative Techniques in Agriculture 2.4 (2018):
439-448.

39. Maria CS., et al. “Evaluation of antitubercular activity of nicotinic and isoniazid analogues”. Arkivoc 14 (2007): 181-191.

41. Ahmad I., et al. “Antifungal Activity of some Medicinal Plant
Extracts against Colletorticum gloesporioides (die back) and
Pestalotia theae (grey blight) of tea”. International Journal of
Tea Science 8.4 (2012): 10-17.

42. Shiva Rani SK., et al. “Antimicrobial Activity of Black Pepper
(Piper nigrum L.)”. Global Journal of Pharmacology 7.1 (2013):
87-90.
43. Bolognesi C. “Genotoxicity of Pesticides: A Review of Human
Biomonitoring
studies”. Mutation Research 543.3 (2003):
251-272.
44. Richar S., et al. “Differenential effects of glyphosate and
roundup on human placental cells and aromatase”. Environmental Health Perspectives 113.6 (2005): 716-720.
45. Singh ND., et al. “Immunosuppressive effect of combined
citrinin and endosulfan toxicity in pregnant wistar rats”. Veterinarski Arhiv, 81.6 (2011): 751-763.

46. Cecchi A., et al. “Environmental
exposure to organophosphate pesticides: Assessment of endocrine disruption
and
hepatotoxicity
in pregnant women”. Ecotoxicology and Environmental Safety 80 (2012): 280-287.
47. Patancheru AP. “India: Internation Crops Research Institute
for the Semi-Arid Tropics”. 2000.

Volume 2 Issue 6 June 2018
© All rights are reserved by Gwa VI., et al.

31. Oluma HOA and Elaigwe M. “Antifungal activity of extracts of
some medicinal plants against Macrophomina phaseolina”.
Journal of Botany 19.1 (2006): 121-28.

32. Biu AA., et al. “Phytochemical screening of Azadirachta i n dica (Neem)”. Bioscience Research Communications 21 (2009):
281-283.
Citation: Gwa VI., et al. “Antifungal Effect of Five Aqueous Plant Extracts on Mycelial Growth of Penicillium Expansum Isolated from Rotted Yam Tubers in

Storage". Acta Scientific Agriculture 2.6 (2018): 65-70.

