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Abstract Mangoes are an important source of vitamins all over the world. However, their production has been
endangered by Colletotrichum gloeosporioides that causes anthracnose of mangoes. This study was aimed at
isolating the fungus from infected mangoes followed by testing the sensitivity of the fungus to essential oils from
eucalyptus, sage and rosemary plant. Infected mango fruits were acquired from Njokerio Market near Egerton
University. Fungal pathogens were isolated from the infected fruits using potato dextrose agar. Essential oils were
extracted from eucalyptus, sage and rosemary plant using distillation method. Sensitivity of Colletotrichum
gloeosporioides to the extracted essential oils was carried out using agar well technique. The colonies of
Colletotrichum gloeosporioides had dense whitish mycelium with black and orange color fruiting bodies. The spores
were smooth, hyaline and sub cylindrical with round end spores. The conidia were cylindrical in shape, hyaline in
colour and the size was 13.4 — 24 x 4.0 — 5.9um. The appresoria were obovate to clavate in shape, brown in colour
and 6.7 — 19.8 x 3.8 — 11.9um in size.There was a relationship between heating time and yield of essential oils in
rosemary (r=0.99) and leaves (r=0.99). Conversely, there was no significant difference in the percentage yield of
essential oils from eucalyptus, sage and rosemary (P=0.057). There was no significant difference in the percentage
composition of the different compounds in the essential oils extract from eucalyptus, sage and rosemary (F=0.48
P=0.62). The zone of inhibition of essential oils obtained from eucalyptus against Colletotrichum gloeosporioides
varied from 19+3mm to 21+1mm, sage (18+1mm-19+2mm) and rosemary (17+1mm-19+1mm). The minimum
inhibition of essential oils from eucalyptus leaves was120+0.01mg/ml, sage (241+0.00mg/ml) and rosemary
(230+0.02mg/ml). The minimum fungicidal concentration of essential oils from eucalyptus was (120+0.01mg/ml),
sage (241+0.00) and rosemary (230+0.02). The essential oils from eucalyptus, sage and rosemary have bioactive
compounds that have antifungal properties againstColletotrichum gloeosporioides.

Keywords Colletotrichum gloeosporioides, Essential oils, Eucalyptus globules, Mangoes, Salvia officinalis,
Rosmarinus officinalis

Introduction

Diseases cause a lot of morbidity in both plants and animals in this age. This has worsened with the development of
drug resistance being witnessed in nearly all parts of the world [1]. Apparently in some developing countries, plants
are the main source of treatment against most diseases. Approximately 20% of the world’s plants have been
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pharmacologically tested against majority of pathogenic microorganisms [2]. Consequently, there has been
introduction of new antibiotics into the drug market. Among the plants that have gained popularity in medicine are
the Eucalyptus globulus, Salvia officinalis and Rosmarinus officinalis [3].

Mango business is a strong driver of socio-economic development in many countries by providing labour to many
people [4]. Mangoes also attract other players in the value chain addition like fruit processers and suppliers.
However, mangoes are however exposed to high temperatures and moisture levels which favour proliferation of
anthracnose disease [5]. Anthracnose is the most serious disease of mangoes worldwide especially in humid areas.
The disease presents great challenges to people involved in the international commerce of this fruit [6]. Anthracnose
disease is caused by two related species of fungi such as Colletotrichum gloeosporioides and Glomerella cingulata
[7].

Currently, fungicides are the most reliable strategy to achieve effective control of anthracnose and safeguard
production of mangoes in humid regions. However, they are overused and misused rendering them ineffective
against mango anthracnose [8]. Emergence of fungicide resistant Colletotrichum gloeosporioides has been reported
in several parts of the world [9]. The use of essential oils from plants can be alternative remedy in controlling the
fungi [10].

Eucalyptus globulus, native to Australia and Tasmania belong to the myrtaceae family [11].Eucalyptus trees are well
known for the medicinal properties of the oil contained in their leaves. Essential oils from Eucalyptus globules were
used in traditional aboriginal medicines to heal wounds and fungal infections [12]. Salvia officinalis is a common
herbal plant widely cultivated in various parts around the world. However, it is native to the Mediterranean region
[13]. Essential oils from Salvia species have been shown to possess antimicrobial, antioxidant, anti-inflammatory,
anti plasmodial, hypoglycemic and anti-carcinogenic properties. Sage is rich in biologically active compounds,
among them phenolics acids and flavonoids [14].

Rosmarinus officinalis originally grew in Southern Europe. The plant is commonly used as spice and flavoring
agents in food processing because of its desirable flavor, high antioxidant activity and lately as antimicrobial agent
[15]. Harp et al. [16] reported that rosemary is a rich source of phenolic compounds with high antimicrobial activity
against both bacteria and fungi. This study was aimed at isolating Colletotrichum gloeosporioides from infected
mango fruits and testing the fungus for sensitivity against essential oils extracted from eucalyptus (Eucalyptus
globules), sage (Salvia officinalis) and rosemary plants (Rosmarinus officinalis) [17].

Materials and Methods

The study area

The study was conducted at Egerton University, main campus Njoro in Kenya. Egerton University is located in
Njoro Sub County with coordinates as 0° 23’ south, 35° 35” and altitude of 2000m above sea level. Temperatures
range between 17 - 22°C while the average annual rainfall is 2000mm [18].

Collection of infected mango fruits

One hundred and fifty samples of infected mangoes were randomly collected from markets within Egerton
University. The samples were weighed before being placed in sterile plastic bags, before storage in a refrigerator
until mycological analysis.

Isolation of fungal pathogen

The direct plating technique was used in isolating the fungal pathogen [19]. Four small pieces from the margin of
lesion of each sample were directly inoculated on prepared plates of potato dextrose agar which contained (g/L):
peeled potato100.0g, glucose 20.0g, agar 15.0g, water 1000.0 ml. The medium was supplemented with
chloramphenicol (250mg per liter) as a bacteriostatic agent [20]. The plates were incubated at 28 + 1°C for 5 to 7
days. Three replicates were prepared for each sample. The resulting fungi isolates were sub-cultured in potato
dextrose agar to obtain pure cultures. Identification of the isolates was carried out using macro and micro
characteristics and fungal identification keys [21].
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Collection of plant materials

Rosemary (Rosmarinus officinalis), Eucalyptus (Eucaluptus agglomerate) and sage (Salvia officinalis) leaves from
plants growing wild in Egerton University main campus, Njoro were collected. The leaves were placed in sterile
polythene bags and transported to the Department of Biological Sciences laboratories, Egerton University. The
samples were stored in a deep freezer at -4°C until processing.

Extraction of essential oils

A sample of 400g of fresh eucalyptus sage and rosemary leaves were separately loaded into 2-Litre round bottom
flask containing 1.5 litre of water and placed on a heating mantle having power rating of 450 watt and timed. The
samples were boiled with water to release the oil within the leaves. The volatile oils evaporated along with the water
into the condenser connected to a flask at 100°C and atmospheric pressure. The condensed steam and oils were
collected in a separating funnel after which oil and water were separated. The water was drained off gently and the
oils were separately collected in a 10ml measuring cylinder and measured after every 20 min for a period of 3h. The
traces of water in the essential oils were removed by adding 1 g of magnesium sulphate in the oil as a drying agent.
The yield of essential oils was calculated using the formula provided by Kumari et al.[22];

amount of essential oil obtained (g)

Yield tial oil (%) = 100
ield of essential oil (%) Amount of raw materials used (g) x

Determination of essential oil constituents

The extracted essential oils samples were analyzed using Gas Chromatography Mass Spectrometry (GC-MS)
Agilent 6890 gas chromatography instrument coupled to an Agilent 5973 mass spectrometer and an Agilent Chem.
The following operating parameters were used for the essential oil sample; capillary GC column HP-5MS 5%
phenylmethyl siloxane\(30 x 0.25mm i.d. x 0.25 mm film thickness), a carrier gas Helium (flow rate 1.2mL min™)
and a split-less injection mode. Injector temperature was 250°C; Oven temperature was set initially at 50°C and then
raised to 250°C at 10°C min-1 rate till the end of analysis. The eluted analytes were detected using mass selective
detector (5973 network) and Electron Impact ionization (EID) at 70 eV.

Sensitivity test of the fungal pathogens to the essential oils

The Fungus from the pure cultures was s picked using an inoculating needle and placed in a Bijo bottle that had
sterile distilled water. Using sterile glass rods the fungi was separately crushed inside the Bijo bottle. A fungus
inoculum was picked and placed in culture media using a teat pipette. An L shaped glass rod was used to spread the
inoculaon the culture media. Paper discs having a diameter of 8mm were made from sterile filter papers. Separately,
the discs were dipped into the extracted essential oils, removed and allowed to dry. Aseptically, the discs were
placed at the centre of the media having the pure cultures of the fungal pathogens using a sterile pair of forceps. The
Petri plates were wrapped using parafilm. Incubation was carried out at 28°C for 7 days. The zones of inhibition
were determined in millimeters.

Minimum inhibitory concentration

Two fold serial dilution technique was used in determining minimum inhibitory concentration [8]. One milliliter of
sterile Mueller Hinton broth was placed in 11 sterile test tubes. Using a micropipette, 1ml of each essential oil was
placed in the second test tube. Serial dilution was carried out up to the 11" test tube. 0.1ml of the standard pathogens
were each added from the 1% test tube up to the 10™ test tube. The 1% test tube was used as the negative control and
the 11™Mtest tube as the positive control. Incubation was carried out at 28°C for 5 days. Growth was observed by
visually using turbidometric techniques.
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Data analysis

Data analysis was carried out using Microsoft excel spreadsheet and Statistical Package for Social Sciences (SPSS)
version 11.0 software. Pearson’s correlation was used to determine the relationship between heating period and yield
of essential oils while t-test was used in comparing yield of essential oils in rosemary and eucalyptus.

Results

Morphology of Colletotrichum gloeosporioides

Cultural and morphological characteristics of the fungal isolates are presented in table 1. The colonies of
Colletotrichum gloeosporioides had dense whitish mycelium formed with black and orange color fruiting bodies
(Figure 1). The spores were smooth, hyaline and sub cylindrical with round end spores (Table 1). The conidia were
cylindrical in shape, hyaline in colour and the size was 13.4 — 24 x 4.0 — 5.9 um. The appresoria were obovate to
clavate in shape, brown in coulour and 6.7 —19.8 x 3.8 — 11.9 um in size.

Aenal

Figure 1: Culture of Colletotrichum gloeosporioides in potato dextrose agar

Yield of essential oils from eucalyptus, sage and rosemary

The yield of essential oils in eucalyptus varied from 0.7% after the samples were heat for 20 minutes to 4.3% after
heating for 180 minutes in thyme (Table 2). On the other hand, the percentage yield in sage plant ranged from 0.3%
after the samples were heat for 20 minutes to 3.4% after heating for 180 minutes. However, the yield of essential oils
from rosemary varied from 0.2% after heating the samples for 20 min to 2.8% after the samples were heat for 180
min. The weights of the plant samples, volume of distilled water and the heating temperature were maintained
constant at 400g, 1.5 L, 100°C respectively. There was a relationship between heating time and yield of essential oils
in rosemary (r=0.99) and leaves (r=0.99). Conversely, there was no significant difference in the percentage yield of
essential oils thyme, sage and rosemary (P=0.057).
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Table 1: Morphological characteristics of Colletotrichum gloeosporioides

Factor Observed characteristics
Colonies Dense Whitish mycelium formed with black and orange color fruiting bodies
Spores Smooth, hyaline and sub cylindrical with round end spores
Conidia

i. Shape cylindrical

ii. Colour hyaline

iii. Size (um) 13.4-24x4.0-5.9
Appresoria

i Shape obovate to clavate

ii. Colour brown

iii. Size (um) 6.7-19.8x3.8-11.9

Constituents of essential oils from leaves of thyme plant

The percentage composition of Alpha Pinene varied from 10.3% in eucalyptus to 32.7% in rosemary (Table 3).
However, the percentage composition of Camphene ranged from 1.6% in eucalyptus to 201.6% in rosemary. The
percentage composition Beta Pinene ranged from 7.5% in eucalyptus t012.4% in rosemary. In addition, the variation
in percentage composition of Para cymene was 7.6% in rosemary to 10.2% in eucalyptus. The percentage
composition of Linalool varied from 5.7% in rosemary to 14.8% in sage, Borneol (6.5% in rosemary-11.2% in sage),
Beta Caryophyllene (1.7% in eucalyptus-14.9% in sage), thymol (4.1% in rosemary-24.2% in sage) carvacrol (1.3%
in sage-18.9% in eucalyptus) and Alpha Terpinene (2.4% in rosemary-4.6% in eucalyptus). There was no significant
difference in the percentage composition of the different compounds in the essential oils extract from eucalyptus,
sage and rosemary (F=0.48 P=0.62).

Table 2: Yield of essential oils from eucalyptus, sage and rosemary
Plant Weight (g) Distilled H,O (L) Heating time (Min) Temperature (°C) Yield (%0)

Eucalyptus 400 15 20 100 0.7
400 15 40 100 1.0

400 15 60 100 15

400 15 80 100 2.0

400 15 100 100 2.7

400 1.5 120 100 3.0

400 1.5 140 100 3.2

400 15 160 100 4.2

400 15 180 100 4.3

Sage 400 15 20 100 0.3
400 15 40 100 0.5

400 15 60 100 0.7

400 15 80 100 1.1

400 15 100 100 15

400 15 120 100 2.0

400 1.5 140 100 2.6

400 15 160 100 3.0

400 15 180 100 3.4

Rosemary 400 15 20 100 0.2
400 15 40 100 0.3

400 15 60 100 0.7

400 15 80 100 1.3

400 15 100 100 1.7

400 15 120 100 1.0

400 15 140 100 2.1

400 15 160 100 2.4

400 1.5 180 100 2.8

D

4R The Pharmaceutical and Chemical Journal

)

As

=


https://www.hindawi.com/journals/aag/2018/3567161/

Githaiga BM et al The Pharmaceutical and Chemical Journal, 2019, 6(1):1-10

Sensitivity of Colletotrichum gloeosporioides to essential oils from eucalyptus, sage and rosemary
The zone of inhibition of essential oils obtained from eucalyptus against Colletotrichum gloeosporioides varied from
19+3mm to 21+1mm, sage (18+1mm-19+2mm) and rosemary (17+1mm-19+1mm) (Table 4). There was no
significant difference between the zones of inhibition produced by the essential oils from eucalyptus, sage and
rosemary (F=0.46 P=0.64).

Table 3: GC-MS analysis of essential oils from thyme leaves

Compound Composition (%)
Eucalyptus Sage Rosemary
Alpha Pinene 10.3 22.2 327
Camphene 1.6 147 20.6
Beta Pinene 7.5 10.2 124
Para Cymene 10.2 8.6 7.6
Linalool 14.3 148 5.7
Borneol 11.9 112 65
Beta Caryophyllene 1.7 149 438
Thymol 12.2 242 4.1
Carvacrol 18.9 1.3 3.3
Alpha Terpinene 4.6 3.1 24

Table 4: Sensitivity of the fungal pathogens to the extracted essential oils from thyme sage and rosemary

Essential oil Zone of inhibition (mm)
Replicate 1 Replicate 2 Replicate 3

Eucalyptus 211 20+2 19+3

Sage 18+2 19+2 18+1

Rosemary 19+1 1711 18+2

Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of essential oils
from eucalyptus, sage and rosemary when tested against Colletotrichum gloeosporioides

The minimum inhibition of essential oils from eucalyptus leaves was120+0.01mg/ml, sage (241+0.00mg/ml) and
rosemary (230+0.02mg/ml) (Table 5). The minimum fungicidal concentration of essential oils from eucalyptus was
(120£0.01mg/ml), sage (241+0.00) and rosemary (230£0.02). The minimum inhibition concentration of in essential
oils from eucalyptus tree leaves, sage and rosemary were equal to the minimum fungicidal concentration.

Table 5: Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of essential oils
from thyme, sage and rosemary plant
Essential oil MIC inhibition (mg/ml) MFC (mg/ml)

Eucalyptus 120+0.01 120+0.01
Sage 241+0.00 241+0.00
Rosemary 230+0.02 230+0.02

Discussion

Cultural and morphological characteristics of the fungal isolates are presented in table 1.The colonies of
Colletotrichum gloeosporioides had dense whitish mycelium formed with black and orange color fruiting bodies.
The spores were smooth, hyaline and sub cylindrical with round end spores. The conidia were cylindrical in shape,
hyaline in colour and the size was 13.4 — 24 x 4.0 — 5.9 um. The appresoria were obovate to clavate in shape, brown
in colour and 6.7 — 19.8 x 3.8 — 11.9 um in size. These results concurred with those of a previous study carried out
in Pakistan [12]. This can be attributed to isolation of the same strain of the fungus [23].

In addition, the percentage yield of essential oils from leaves of eucalyptus plant obtained in the current study
concurred with a previous study carried out by Jabbar et al. [24]. These may be attributed to the species of
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eucalyptus tree from which the essentials oils were extracted. However, the percentage yield of essential oils
obtained from sage plant in this study differed with those obtained by Bazie et al. [25]. This may be attributed to the
nutrient level of the soils in which the plant is growing in. Divya et al. [26] explained that the soil nutrient level of a
given area influences synthesis of essential oils in sage plant.

The percentage yield of essential oils from rosemary obtained from this study concurred with previous study [27].
This may be attributed to similarity of the species of rosemary that were being studied [28]. Further Fekiya et al.
[29] explained that the method of extraction of essential oils affects production of essential oils in rosemary sp.

The constituents of essential oils obtained from eucalyptus leaves concurred with a previous study carried out in
Parkistan [30]. Gautum [31] asserted that the biochemical pathways used by eucalyptus plant greatly influences the
composition of essential oils produced. The compounds obtained from essential oils of sage leaves in the present
study agreed with a previous study carried out in India. This may be attributed to similarities in the study areas Lima
etal. [32].

However, the constituents of essential oils from rosemary slightly differed with previous studies carried out in Brazil
[33]. According to Camilletti et al. [34], the species of rosemary from which the essential oils were obtained may
have contributed to the observed results. On the other hand, the zones of inhibition of the extracted essential oils
from thyme, sage and rosemary on Colletotrichum gloeosporioides disagreed with a previous study by Bill et al.
[35]. This may be attributed to the type of solvents used to extract the essential oils [36]. Besides the minimum
inhibition concentration (MIC) and minimum fungicidal concentration (MFC) obtained in the present study
disagreed with a previous study [37]. This may be attributed to variations in the compounds present in the essential
oils extracted [38]. In addition, MIC and MFC obtained in this study were equal. This suggested that the essential
oils were fungicidal and not fungistatic.

Conclusions

Isolation of Colletotrichum gloeosporioides from mangoes was carried out. Essential oils were extracted from
thyme, sage and rosemary and their active ingredients determined. In addition, sensitivity test of the extracted
essential oils to Colletotrichum gloeosporioides was carried out followed by determination of their MIC and MFC.

Recommendations
There is need to test the sensitivity of other fungal and bacterial pathogens to the extracted essential oils. Mass
production of essential oils from eucalyptus, sage and rosemary need to be carried out.

Acknowledgement
Thanks to the Department of Biological Sciences, Egerton University for giving us laboratory space for carrying out
the laboratory work.

Conflict of interest
We declare no conflict of interest.

References

[1]. Latiffah, Z., Nurul, Z. J., Suzianti, I. V. & Intan, S. M. A. (2015). Molecular characterization of
Colletotrichum isolates associated with anthracnose of mango fruit. Sains Malaysiana, 44(5):651-656.

[2]. Perumal, P., Sellamuthu, R. & Sadiku, E. (2016). “Antifungal activity of five different essential oils in
vapour phase for the control of Colletotrichum gloeosporioides and Lasiodiplodia theobromae in vitro and
on mango.” International Journal ofFood Science and Technology, 87:34—46.

[3]. Tucho, A., Lemessa, F. & Berecha, G. (2014). Distribution and occurrence of Mango anthracnose
(Colletotrichum gloesporioides). Plant Pathology Journal, 13:268-277.

éfi\\;s The Pharmaceutical and Chemical Journal
s


https://www.hindawi.com/journals/aag/2018/3567161/
https://www.hindawi.com/journals/aag/2018/3567161/
https://www.hindawi.com/journals/aag/2018/3567161/

Githaiga BM et al The Pharmaceutical and Chemical Journal, 2019, 6(1):1-10

£

[4].

[5].
[6].

[71.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].
[19].

[20].

.

N

)

s

Gerefa, S., Neela, S. & Gezahegn, B. (2015). Effect of essential oils treatment on anthracnose
(Colletotrichum gloeosporioides) disease development, quality and shelf life of mango fruits (Mangifera
indica L). American-Eurasian Journal of Agriculture and Environmental Sciences, 15(11):2160-2169.

Liu, F., Damm, U, Cai L. & Crous P. W. (2013). Species of the Colletotrichum gloeosporioides complex
associated with anthracnose diseases of Proteacea. Fungal Diversity, 61: 89-105.

Ismail, A.M., Cirvilleri, G., Yaseen, T., Epifani, F., Perrone, G. & Polizzi, G. (2015). Characterisation of
Colletotrichum species causing anthracnose disease of mango in Italy. Journal of Plant Pathology,
97(1):167-171.

Moghaddam, M., Pourbaige, M., Tabar, H. K., Farhadi, N. & Hosseini S. M. A. (2013). Composition and
antifungal activity of peppermint (Mentha piperita) essential oil from Iran. Journal of Essential Oil Bearing
Plant, 16:506-512.

Hong, J. K., Yang, H. J.,, Jung, H., Yoon, D. J. & Jeun, Y. C. (2015). Application of volatile antifungal
plant essential oils for controlling pepper fruit anthracnose by Colletotrichum gloeosporioides. Plant
Pathology Journal, 31: 269-277.

Bautista-Ba™nos, S., Sivakumar, D., Bello-P'erez, A., Villanueva-Arce, R. & Hern’andez-L opez, A.
(2013). A review of the management alternatives for controlling fungi on papaya fruit during the
postharvest supply chain. Crop Protection, 49: 8-20.

Weir, B. S., Johnston, P. R. & Damm, U. (2012). The Colletotrichum gloeosporioides species complex.
Studies in Mycology, 73: 115-180.

Sellamuthu, P., Sivakumar, D., Soundy, P. & Korsten, L. (2013). Essential oil vapours suppress the
development of anthracnose and enhance defence related and antioxidant enzyme activities in avocado
fruit. Postharvest Biology and Technology, 19(2):45-48.

Leroux, P. & Walker, A. S. (2013). Activity of fungicides and modulators of membrane drug transporters
in field strains of Botrytis cinerea displaying multidrug resistance. European Journal of Plant Pathology,
135(4):683-693.

Bill, M., Sivakumar, D., Korsten, L. & Thompson, A. K. (2014). The efficacy of combined application of
edible coatings and thyme oil in inducing resistance components in avocado (Persea Americana Mill.)
against anthracnose during post-harvest storage. Crop Protection, 64: 159-167.

Lima, N. B., Lima, W. G., Tovar-Pedraza, J. M., Michereff, S. J. & Camara, M. P. S. (2015). Comparative
epidemiology of Colletotrichum species from mango in northeastern Brazil. European Journal of Plant
Pathology, 141:679-688.

Camele, 1., Altieri, L., De Martino, L., De Feo, V., Mancini, E. & Rana, G. L. 2012. In vitro control of
post-harvest fruit rot fungi by some plant essential oil components. International Journal of Molecular
Sciences, 13:2290-2300.

Harp, T., Kuhn, P., Roberts, P. D. & Pernezny, K. L. (2014). Management and cross-infectivity potential of
Colletotrichum acutatum causing anthracnose on bell pepper in Florida. Phytoparasitica, 42:31-39.
Magsood, A., Rehman, A., Ahmad, I., Nafees, M., Ashraf, I., Qureshi, R., Jamil, M., Rafay, M. & Hussain,
T. (2014). Physiological attributes of fungi associated with stem end rot of mango cultivars in postharvest
fruit losses. Pakistan Journal of Botany, 46:1915-1920.

Government of Kenya, (2014). Kenya National Bureau of Statistics, Kenya Population and Housing
Census. Ministry of Planning and Development. Government printer, Nairobi, Kenya.

Sharma, G., Kumar, N., Weir, B. S., Hyde, K. D. & Shenoy, B. D. (2013). The ApMat marker can resolve
Colletotrichum species: A case study with Mangifera indica. Fungal Diversity, 61: 117-138.

Alemu, K., Ayalew, A. and Weldetsadik, K. (2014). Evaluation of Antifungal Activity of Botanicals for
Postharvest Management of Mango Anthracnose (Colletotrichum gloeosporioides). International Journal of
Life Sciences, 8:1-6.

:\’\\‘:Q The Pharmaceutical and Chemical Journal



Githaiga BM et al The Pharmaceutical and Chemical Journal, 2019, 6(1):1-10

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].
[36].

[37].

Bi, F., Ment, D., Luria, N., Meng, X. & Prusky, D. (2017). Mutation of AREA affects growth, sporulation,
nitrogen regulation, and pathogenicity in Colletotrichum gloeosporioides. Fungal Genetics and Biology, 99:
29-39.

Kumari, P., Singh, R. & Punia, R. (2017). Evaluation of fungicides and botanicals against mango
(Mangifera indica) anthracnose. Current Journal of Applied Science and Technology, 23: 1-6.

Pandey, A., Yadav, L. P., Mishra, R. K., Pandey, B. K. & Muthu-Kumar, M. (2012). Studies on the
incident and pathogenesis of Colletotrichum gloeosporioides Penz. Causes anthracnose of mango.
International Journal of Science and Nature, 3: 220-232.

Jabbar, A., Malik, A. U., Islam-ud-Din, Anwar, R., Ayub, M., Rajwana, I. A., Amin, M., Khan, A. S. &
Saeed, M. (2011). Effect of combined application of fungicides and hot water quarantine treatment on
postharvest diseases and quality of mango fruit. Pakistan Journal of Botany, 43:65-73.

Bazie, S., Ayalew, A. & Woldetsadik, K. (2014). Antifungal Activity of Some Plant Extracts against
(Colletotrichum Musae) the Cause of Postharvest Banana Anthracnose. Journal of Plant Pathology and
Microbiology, 5:1-9.

Divya, J., Yashoda, R. & Rajasekhar, L. (2018). Bioefficacy of Essential Oils and Plant Oils for the
Management of Banana Anthracnose-A Major Post-harvest Disease. International Journal of Current
Microbiology and Applied Sciences, 7(4):2359-2365.

Kolase, S. V., Kamble, T. M. & Musmade, N. A. (2014). Efficacy of different fungicides and botanicals
against blossom blight of Mango caused by Colletotrichumglo eosporioides. Journal of Plant Protection
Research, 7:444-447.

Abd-Alla, M. A. & Haggag, W. M. (2013). Use of some plant essential oils as postharvest botanical
fungicides in the management of anthracnose disease of mango fruits (Mangifera indica L.) caused by
Colletotrichum gloeosporioides (Penz). International Journal of Agriculture, 3(1): 1-6.

Fekiya, M. I., Mohammed, I. & Sirawdink, F. (2016).Essential oils to control Colletotrichum musae in vitro
and in vivo on banana fruits. American-Eurasian Journal Agriculture and Environmental Sciences,
15(3):291-302.

Kamle, M., Kumar, P., Gupta, V. K., Tiwari, A. K., Misra, A. K. & Pandey, B. K. (2013). Identification
and phylogenetic correlation among Colletotrichum gloeosporioides pathogen of anthracnose for mango.
Biocatalyst Agriculture and Biotechnology, 2:285-287.

Gautam, A. (2014). Colletotrichum gloeosporioides: Biology, pathogenicity and management in India.
Journal of Plant PhysiologyPathology, 2(2):20-34.

Ademe, A., Ayalew, A. & Woldetsadik, K. (2013). Evaluation of Antifungal Activity of Plant Extracts
against Papaya Anthracnose (Colletotrichum gloeosporioides). Journal of Plant Pathology and
Microbiology; 4:10-25.

Kim, H. J., Lee, E. J., Park, S. H., Lee, H. S. & Chung, N. (2014). Biological Control of Anthracnhose
(Colletotrichum gloeosporioides) in Pepper and Cherry Tomato by Streptomyces sp. A1022. Journal of
Agricultural Science, 6(2):54-62.

Camiletti, B. X., Ansensio, C. M., Gadban, L. C., Pecci, M. P. G., Conles, M. Y. & Lucini, E. I. (2016).
Essential oils and their combinations with iprodione fungicide as potential antifungal agents against white
rot (Sclerotium cepivorum Berk) in garlic (Allium sativum L.) crops. Indian Crop Production, 85:117-124.
Bill, M., Sivakumar, D., Thompson, A. K. & Korsten, L. (2014). Avocado fruit quality management during
the postharvest supply chain. Food Reviews International, 30(3): 169-202.

Hajra, F., Shazia, . & Anam, R. (2016). Management of mango diseases anthracnose and blossom blight
by ecofriendly methods. International journal of agronomy and agricultural research, 8(4):111-119.
Admasu, W., Sahile, S. & Kibret, M. (2014). Assessment of potential antagonists for anthracnose
(Colletotrichum gloeosporioides) disease of mango (Mangifera indica L.) in North Western Ethiopia
(Pawe). Archives of Phytopathology and Plant Protection, 47(18):2176-2186.

éfi\\;s The Pharmaceutical and Chemical Journal
s



Githaiga BM et al The Pharmaceutical and Chemical Journal, 2019, 6(1):1-10

[38]. Zainab, M. B. & Shinkafi, S. A. (2016). Isolation and identification of fungi responsible for leaf spots
disease of mango (Mangifera indica L.) in Sokoto state, Nigeria. Bayero Journal of Pure and Applied
Sciences, 9(2): 166-173.

.

4\ The Pharmaceutical and Chemical Journal
10



