Taylor & Francis
Taylor & Francis Group
All Life

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tfls21

Effects of Tithonia diversifolia and Allium sativum
extracts on Colletotrichum gloeosporioides, the
causal agent of anthracnose in avocado

E. W. Chege & S. K. Kimaru

To cite this article: E. W. Chege & S. K. Kimaru (2021) Effects of Tithonia diversifolia and Allium
sativum extracts on Colletotrichum gloeosporioides, the causal agent of anthracnose in avocado,
All Life, 14:1, 209-214, DOI: 10.1080/26895293.2021.1904008

To link to this article: https://doi.org/10.1080/26895293.2021.1904008

8 © 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

@ Published online: 25 Mar 2021.

\J
G/ Submit your article to this journal &

||I| Article views: 1279

A
& View related articles &'

View Crossmark data &'

f&] Citing articles: 2 View citing articles

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tfls21


https://www.tandfonline.com/action/journalInformation?journalCode=tfls21
https://www.tandfonline.com/loi/tfls21
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/26895293.2021.1904008
https://doi.org/10.1080/26895293.2021.1904008
https://www.tandfonline.com/action/authorSubmission?journalCode=tfls21&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tfls21&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/26895293.2021.1904008
https://www.tandfonline.com/doi/mlt/10.1080/26895293.2021.1904008
http://crossmark.crossref.org/dialog/?doi=10.1080/26895293.2021.1904008&domain=pdf&date_stamp=2021-03-25
http://crossmark.crossref.org/dialog/?doi=10.1080/26895293.2021.1904008&domain=pdf&date_stamp=2021-03-25
https://www.tandfonline.com/doi/citedby/10.1080/26895293.2021.1904008#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/26895293.2021.1904008#tabModule

ALL LIFE
2021,VOL. 14,NO. 1, 209-214
https://doi.org/10.1080/26895293.2021.1904008

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS W) Check for updates

Effects of Tithonia diversifolia and Allium sativum extracts on Colletotrichum
gloeosporioides, the causal agent of anthracnose in avocado

E. W. Chege and S. K. Kimaru

Department of Plant Sciences, Kenyatta University, Nairobi, Kenya

ABSTRACT

Avocado production is severely affected by anthracnose disease in the field and after harvest world-
wide. This disease causes losses in the field due to fruit abortion and as post-harvest disease affecting
quality and quantity during marketing and storage. The management of this disease has been
through the use of chemicals that toxify human beings and contaminate the environment. So, the
development of alternative bio-pesticide, which is environment-friendly, is imperative. Therefore,
this study was carried out to find an alternative to fungicides currently being used in the control
of Colletotrichum gloeosporioides. This was achieved by evaluating the effectiveness of plant extracts
from tree marigold (Tithonia diversifolia) and garlic (Allium sativum) in the inhibition of Colletotrichum
gloeosporioides in vitro. The antifungal activity of the extracts was determined by the evaluation of
their effectiveness in inhibiting the fungal mycelial growth and sporulation on PDA media. Fungi-
cide, Atracol 70WP used to control the disease, was used for comparison purposes. Data obtained
were analysed by ANOVA and Fishers mean separation test using Gestart version 6 software. Con-
centrations of 80 g/l of Allium sativum and 120 g/l of Tithonia diversifolia were significantly effective
as antracol fungicides at 2 g/l which is the recommended rate by the manufacturer in inhibit-
ing mycelial growth and sporulation of Colletotrichum gloeosporioides. However, further studies are
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recommended to evaluate the effectiveness of the extracts under field conditions.

Introduction

Avocado (Persea americana) is a principal commercial
fruit in Kenya for local and export markets. It origi-
nated in Central America and Southern Mexico (Chen
et al. 2018) and is currently considered as one of the
most nutritious fruits worldwide. The fruit is highly
vulnerable to decay and has a very low shelf life due to
the rapid ripening and softening that limits the stor-
age (Chen et al. 2017; Sierra et al. 2019), handling and
transport potential (Hurtado-Fernandez et al. 2018;
Mazhar et al. 2018). Avocado, growing in Kenya and
other parts of the world, is faced with various chal-
lenges such as pests and diseases (Agrios 2005; Kimaru
etal. 2018a; Kwon et al. 2020). Diseases that are a threat
to avocados include bacterial soft rot caused by Pseu-
domonas syringae, stem end rot caused by Dothiorella
dominicana and anthracnose caused by Colletotrichum
gloeosporioides among others (Agrios 2005; Darvas
and Kotze 1987; Snowdon 1990). Anthracnose is the
most common and serious fungal disease in horti-

culture, and a serious post-harvest disease of avoca-
dos worldwide including Kenya (Sharma et al. 2017;
Kimaru et al. 2018a). A lot of loss is associated with
the disease despite the use of chemicals by farmers
to control it (Kebede and Belay 2019). Furthermore,
consumer concerns on the use of fungicides in the
management of the disease due to possible exceedant
of set maximum residue level limits upon the use
of chemicals (Ramirez-Gil et al. 2020; Yeung et al.
2017). Therefore, the study was aimed at coming up
with alternatives to fungicides that are environment-
friendly and non-toxic to human beings and animals
(Palou et al. 2016; Sarkhosh et al. 2017). Tithonia diver-
sifolia (Hemsl) and Allium sativum L. extracts were
used in this studies due to their antifungal activities
on various pathogenic fungi (Taskeen-Un-Nisa et al.
2011; Ni'na et al. 2011; Agboola et al. 2016; Ajao and
Moteetee 2017; Ewané et al. 2020). Furthermore, T.
diversifolia was used traditionally for various ailments
in human beings in many countries including Kenya
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(Ajao and Moteetee 2017). This study, therefore, evalu-
ated plant extracts as a possible bio-pesticide to control
the fungus in vitro.

Materials and methods
Isolation of Colletotrichum gloeosporioides

Fungus isolation was done at the Plant Sciences Labo-
ratories in Kenyatta University, Kenya. Potato dextrose
agar (PDA) was the standard media used to isolate
the fungal pathogen from the infected avocado. The
infected avocado fruit samples were collected from
farmers’ field in Gatanga in Murang’a County. The
infected avocado fruits were washed cleanly under a
running tap, then dipped into 1% sodium hypochlorite
to surface sterilize for 30 seconds. The fruits were then
rinsed in sterile distilled water and wiped dry using
sterile paper towels. The isolates of Colletotrichum
were obtained from the infected avocado, using the
direct plating method. A sterile scalpel was used to cut
5mm by 5 mm sections from the edge of the lesion of
the infected area of the avocado where there was active
mycelial growth. These diseased sections were placed
individually at the centre of a petridishes containing
hardened sterile potato dextrose agar (PDA media) for
mycelial growth at room temperature. Sub-culturing
was done until pure isolates were obtained for use in
further studies.

Fungal identification

Each isolate was subjected to macroscopic and micro-
scopic examinations through which their morpholog-
ical features were observed and recorded. The fun-
gus, C. gloeosporioides, was morphologically identified
based on cultural and microscopical characteristics
using published fungal key (Freeman et al. 1998; Dom-
sch et al. 1980; Nagamani et al. 2006; Kimaru et al.
2018b) and at molecular level by the use of two sets
of primers, Cglnt (5-GGGGAAGCCTCTCGCGG-
3) specific to Colletotrichum gloeosporioides com-
bined with the universal primer ITS4 (TCCTCCGCT-
TATTGATATGC) (Kimaru et al. 2018a; Serra et al.
2011; Robert et al. 2012; Kolainis et al. 2020). Pure cul-
tures of Colletotrichum gloeosporioides were obtained
and used in the study (Table 1).

Table 1. Colletotrichum gloeosporiode isolates with their

genebank accession number.

Culture Location Genebank number
14a Murang’a County MG013524
39a MG013525
4b MGO013527
5b MG013528
6b MG013529
7b MG013536
8b MGO013530
9b MGO013535
10b MGO013534
11b MG013531
12b MGO013533
13b MG013532

Preparation of extracts

Young fresh leaf samples of Tithonia diversifolia were
collected from a farmer’s hedge in Kiambu County.
The leaves were washed thoroughly using clean water
and wiped dry using a blotting paper. The leaves were
dried in an oven for 20 min at 80°C to reduce excess
water. Samples of 120, 100 and 80 g from dried leaves
were taken. The samples were ground and mixed with
1 litre of distilled water in a mortar using a pestle.
The resultant extract was filtered through a fine muslin
cloth and different concentrations of the extract were
obtained. Similarly, purchased garlic bulbs were peeled
off the thin paper like covering to expose the cloves that
were surface sterilized using 70% ethanol. The cloves
were rinsed by distilled water and dried in an oven
for 20 min in 80°C. After drying, the cloves weighed
80, 60 and 30 g, respectively and were crushed using
a pestle and mortar dissolved in 1 litre of water for
each. These different concentrations of Tithonia diver-
sifolia and Allium sativum were used to amend PDA to
evaluate their effects on the growth of Colletotrichum
gloeosporioides in vitro.

Effect of different concentrations of leaf extracts on
mycelial growth of the Colletotrichum
gloeosporioides

The PDA media was amended by mixing 1 ml extract
with 9 ml molten PDA prior to solidification for each
extract concentration after autoclaving at 121°C for
15 min. The extracts were thoroughly mixed with the
medium in the sterile flask by shaking with hands
gently (Dhingra and Sinclair 1985). About 15ml of
sterilized molten extract-amended PDA medium was
poured into sterile petridishes, 9 cm in diameter.
Each extract concentration was replicated three times.



Similarly, PDA was amended using Antracol (7O0WP)
fungicide, a product of Bayer E. A. Its active ingre-
dient Propineb is a dithiocarbamate fungicide with
the multisite activity characteristic of the group. Two
grams of antracol was dissolved in one litre of molten
PDA media before it solidified. Petridishes, filled with
molten PDA amended with antracol 70WP, served
as positive standard, while non-amended PDA mixed
with distilled water served as controls.

Once solidified, 5-mm discs of PDA with actively
growing mycelium of 7-day-old colony of the isolate of
C. gloeosporioides were cut out with sterile cork-borer
and placed in the centre of each plate. The inoculated
plates were incubated between 22°C and 24°C on the
sterilized hood/chamber. On daily basis, two diagonal
measurements of mycelium growth were taken on each
plate and recorded. Final measurements were taken
when fungal growth in the control fully covered the
plates.

Furthermore, the plates were flooded with distilled
water to bring the spores into suspension. Sporulation
capacity was determined by counting the number of
spores using a haemocytometer.

Results

The radial mycelia growth for fungal cultures grown
on media amended with T. diversifolia and A. sativum
extracts and fungicide, antracol 70WP was signif-
icantly different P < 0.05 from the controls (non-
amended media) (Table 2). The mean radial diameter
for the control was highest at 85 mm in diameter at
day 10, while the mean radial diameter for antracol

Table 2. Mean radial mycelial growth of Colletotrichum
gloeosporioides isolates 10 days after inoculation.

Mean radial growth (MM)

Treatment? Day 2 Day 4 Day 6 Day 8 Day 10
Antracol 19/l 6.667°de  13.33bc  21.67bc 29.67b 40.67b
Antracol 2 g/I 5fg 7d 9e 9.33e 9.33e
Antracol 4 g/ Oh Oe of of of
Garlic30g/1 10b 15b 18.33bcd 20cd 23.33cd
Garlic60 g/l 7.667cd 12.33¢ 1533cde  1833cd  20.33cd
Garlic80 g/ 5.333efg 6.67d 13de 14.33de 16de
Tithonia 80 g/I 8.333¢ 15.33b 17.33cd  20.33cd  20.33cd
Tithonia 1009/l 6.333def 11c 24.67b 24.67bc 24.67¢
Tithonia 120 g/I 49 8.33d 14.67d 17.33d 17.33cd
Control 30a 53a 73.33a 84a 85a
LSD 1.538 2.637 20.33bc 7.06 7.569
P-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

@Each treatment was replicated 3 times. Means on the same column followed
by similar letter(s) are not significantly differentat P > 0.05 according to the
Fisher's protected LSD test.
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at 4 g/l concentration was lowest in 0 diameter at day
10 (Table 2). Mycelial growth of the isolate followed a
similar trend among treatments in relation to the con-
centrations of plant extracts and antracol fungicide.
The higher the concentrations of extracts, the higher
the inhibitory effect, while low concentrations had the
lowest effects (Table 2). 80 g/l of A. sativum and 120
g/l of T. diversifolia extracts had significantly the same
inhibitory effect as 2 g/l of antracol, the recommended
rate as per the manufacturer’s label. No fungal growth
was recorded on PDA amended with 4 g/ of antracol.

Highest inhibition was observed by media amended
with antracol at a concentration of 4 g/l and low-
est inhibition was observed by media amended with
antracol at a concentration of 1 g/l (Figure 1). The
recommended dose of antracol for the control of
anthracnose (2 g/l) showed 90% inhibition. Of the
two extracts (Garlic and tree marigold extracts), gar-
lic showed higher inhibition (85%) at a concentration
of 80 g/l compared to Tithonia diversifolia that exhib-
ited 80% inhibition at its highest concentration of 120
g/l (Figure 1).

The mean number of spores was significantly dif-
ferent at P < 0.05 among Colletotrichum isolates
treated with different concentrations of T. diversifolia,
A. sativum and antracol 70WP (Table 3). The mean
number of spores was not significantly different: for
garlic 30 g/l at 1.902, Tithonia 80 g/l at 1.946 x 10°
and Antracol 1 g/l at 1.953 x 10° (Table 3). The mean
number of spores was significantly different: for garlic
60 g/l at 1.326 and Tithonia 120 g/ at 0.587 (Table 3).
The mean number of spores was significantly different
for Tithonia 100 g/l at 1.217 and antracol 4 g/l at 0.924
(Table 3).

Discussion

The results clearly showed that Allium sativum and
Tithonia diversifolia have antifungal activity against
Colletotrichum gloeosporioides on mycelial growth and
sporulation (Table 1). Similarly, Allium and Titho-
nia extracts were shown to have inhibitory effect on
mycelial and sporulation of Colletotrichum gloeospo-
rioides (Portz et al. 2008; Choudhary et al. 2017;
Chen et al. 2018). These extracts were comparable to
Antracol 70 WP, in their inhibition of Colletotrichum
gloeosporioides in vitro. Inhibition of mycelial growth
was observed to be increasing with an increase in
the concentration of the extracts similar to antracol
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Figure 1. Graph showing percentage inhibition of mycelial growth of Colletotrichum gloeosporioides on PDA amended with the

T. diversifolia and A. sativum extracts and antracol 70 WP.

Table 3. Overall Mean number of spores per ml of Colletotrichum
isolates.

Mean number of spores (10°)/ml from

Treatment? 10-day-old fungal cultures
Antracol 19/l 1.953%b
Antracol 2 g/l 1.717bc
Antracol 4 g/I 0.924d
Garlic30g/1 1.902 b
Garlic 60 g/I 1326 ¢
Garlic80g/I 0.348d
Tithonia 80 g/I 1.946 b
Tithonia 100 g/I 1217 ¢
Tithonia 120 g/I 0.587d
Control 3.652a
LSD 0.1792
P-value < 0.001

2Each treatment was replicated 3 times. Means on the same column followed
by similar letter(s) are not significantly different at P > 0.05 according to the
Fisher's protected LSD test.

70WP, fungicide. Similar findings were reported by
Ilondu (2012) and Ukech and Chiejina (2012) that the
increase in the antifungal activity was observed in the
corresponding increase in the concentration of plant
extracts.

The recommended dose of antracol of 2 g/l showed
90% inhibition, while 80 g/l of Allium sativum and
120 g/l of Tithonia diversifolia showed 85% and 80%
inhibition, respectively. 4 g/l of antracol twice the
recommended rate completely inhibited the mycelial
growth of Colletotrichum gloeosporioides. There was
also significant reduction in sporulation of the Col-
letotrichum gloeosporioides where the extracts were
amended (Table 3). Similar observations were made

by Johnny et al. (2010). Findings of this work could be
an important step towards developing a biological con-
trol method better than the chemicals used in modern
agriculture.
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