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ABSTRACT

Mango (Mangifera indica L.), is one of the economically most important crops in Ghana. It is
recognised for its popularity in contributing to food and nutritional security. Despite its economic
importance, mango tree decline disease, caused by Lasiodiplodia theobromae, poses a serious threat
to the mango industry in the country. The objective of this study was to evaluate fungicides (i.e.,
carbendazim, zamir, mancozeb, funguran and sulphur 80) and bio pesticides (Chromolaena odorata,
Azadirachta indica and Carica papaya) against L. theobromae. The results showed that all the
tested fungicides, except for sulphur 80, inhibited mycelial radial growth of L. theobromae, with
carbendazim and funguran improving the vegetative growth of the shoots and leaves in the field.
Mango trees treated with carbendazim, after the third spray, had no disease symptoms. However,
application of urea fertiliser and carbendazim (50 g 15 L' water), at a two-week spraying interval in the
field, reduced the severity of L. theobromae. Application of biopesticides (plant extracts) showed
that C. odorata had the highest efficacy, followed by A. indica and then C. papaya. Although further
studies on plant extracts in the field are required, our findings provide important information for the
development of integrated management strategies for the pathogen, and the disease it transmits.

Key Words: Azadirachta indica, bioextract, Carica papaya, Chromolaena odorata, Lasiodiplodia
theobromae
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La mangue (Mangifera indica L.) est I’'une des cultures les plus importantes économiquement au
Ghana. Il est reconnu pour sa popularité en contribuant a la sécurité alimentaire et nutritionnelle.
Malgré son importance économique, la maladie du déclin du manguier, causée par Lasiodiplodia
theobromae, constitue une menace sérieuse pour I’industrie de 1a mangue dans le pays. L’ objectif de
cette étude était d’évaluer les fongicides (c’est-a-dire le carbendazime, le zamir, le mancozebe, le
fonguran et le soufre 80) et les pesticides biologiques (Chromolaena odorata, Azadirachta indica et
Carica papaya) contre L. theobromae. Les résultats ont montré que tous les fongicides testés, a
I’exception du soufre 80, inhibaient la croissance radiale mycélienne de L. theobromae, le carbendazime
et le fonguran améliorant la croissance végétative des pousses et des feuilles au champ. Les manguiers
traités au carbendazime apres la troisieme pulvérisation ne présentaient aucun symptome de maladie.
Cependant, I’application d’engrais & base d’urée et de carbendazime (50 g 15 L' d’eau) a un intervalle
de pulvérisation de deux semaines dans le champ a réduit la gravité de L. theobromae. L’ application de
biopesticides (extraits de plantes) a montré que C. odorata avait la plus grande efficacité, suivie par A.
indica et ensuite C. papaya. Bien que des études supplémentaires sur les extraits de plantes sur le
terrain soient nécessaires, nos résultats fournissent des informations importantes pour le développement

de stratégies de gestion intégrée du pathogene et de la maladie qu’il transmet.

Mots Clés:
theobromae

INTRODUCTION

Mango (Mangifera indica L.) is an
economically valuable crop, with an annual
output of over 30 million metric tonnes of fruit
from the top producing countries (India and
China) (Evans et al., 2017). It is produced in
tropical and sub-tropical regions (Krishnan et
al., 2009) with over 30 varieties globally
(Tharanatan et al., 2006). Currently, the crop
is one of the Ghanaian major non traditional
fruits for export (Zakari, 2012); thus, it is
projected to be a major potential foreign
exchange earner in the next decade (Okorley
et al., 2014). Ghana’s mango production and
export portfolio have increased dramatically,
from 23,000 metric tonnes in 1991 to 983,
000 metric tonnes in 2007 (Yidu, 2015).
Mango production and mango-related activities
significantly contribute to employment creation
and poverty reduction in rural and urban
economies worldwide (Banson and Yawson,
2014; Akurugu et al., 2016).

Mango tree decline disease (MTDD)
(Coleman, 2016); is one of the economically
important diseases, posing a serious threat to
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the survival and sustainability of the mango
orchards in Ghana (Ablormeti, 2016; Coleman,
2016; Honger et al., 2018). The disease was
first reported in Brazil in 1945, with 60%
infestation (Ploetz et al., 1996) and elsewhere,
several million mango trees have been killed
by the disease (Schaffer, 1994; Ramos et al.,
1997; Simone, 1999; Al Adawi et al., 2003).
The disease is caused by Lasiodiplodia
theobromae (Syn: Botryodiplodia theobromae)
(Ablormeti, 2016; Coleman 2016; Honger et
al., 2018). Mango tree decline disease is
characterised by gummosis from the bark, bark
splitting, streaking and vascular discolouration
beneath the bark. Rotten canker is commonly
observed on severely affected trunks, which
sometimes results in exudation of liquid with
offensive smells (Masood et al., 2010). Under
similar conditions, the vascular bundles block,
preventing the translocation of nutrients leading
to high mortality of trees (Khuhro et al.,
2005). Eventually, the tree dieback and
progresses to the larger branches, leading to
subsequent death of the tree (Al-Adawi et al.,
2006; Saeed and Masood, 2008).
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Chemical fungicides have been widely used
to control plant pathogens, including
Sclerotinia stem rot (Bradley et al., 2006),
wheat stem rust (Wanyera et al., 2009), rice
diseases (Groth et al., 1990), net blotch and
spot-type net blotch (Jayasena et al., 2002),
rice blast disease (Yamaguchi, 1982), dying
back disease of mango (Javiaid et al., 2008)
and MTDD or sudden decline disease of mango
(Masood et al., 2014, Saeed et al., 2017; Sahi
et al., 2012; Shahbaz et al., 2009). Also,
several studies have evaluated the efficacy of
different plant extracts against plant pathogens
(Tegegne et al., 2008; Gurjar et al., 2012;
Sales et al., 2016; Okemo et al., 2003).
However, only a few studies have assessed
the effectiveness of plant extracts against the
quick sudden decline of mango (Sahi et al.,
2012). Therefore, the objective of this study
evaluates the efficacy of different chemical
fungicides and plant extracts as a basis for
developing biocontrol strategies.

MATERIALS AND METHODS

Stock cultures. The pure culture of L.
theobromae was isolated from various parts
of affected mango trees (barks, leaves and
branches). Stock cultures of the isolated
fungus were grown on 90 mm petri dishes.
The cultures were stored in incubators at 28
+ 1 °C and sub-cultured every 3 weeks for
further analysis.

Selected fungicides. Five fungicides used
for the study were grouped into two categories
based on their efficacy, i.e., protectant and
systemic fungicides. The protectant fungicides
comprised of zamir, mancozeb, funguran and
sulphur 80; whereas the systemic fungicide
was carbendazim. The trade name, active
ingredients, mode of action and various levels
of concentration of the fungicides are listed in
Table 1.

In vitro fungicide evaluation. The protectant
and systemic fungicides were used for in vitro
screening by food poison technique (Kiran et

TABLE 1. Type of fungicides and application rates used in the in vitro experiment

Recommended concentration

Mode of action

Active ingredient

Trade name

Higher (50 ml")

Standard (50 ml?")

Lower (50 ml)

0.26¢

0.17¢g
0.15ml
025¢g

0.085¢

Systemic
Contact

Carbendazim

Carbendazim

0.23ml
038 ¢

0.075ml
0.13g
0.17¢g
0.085¢g

Prochloraz & Tebuconazole

Mancozeb

Contact

Mancozeb
Funguran

050 g
026

033¢g

Contact

Copper hydroxide

Sulphur

0.17¢g

Contact

Sulphur 80
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al., 2010), using potato dextrose agar (PDA).
Inoculum of 4 mm agar discs was obtained
from the advancing margin of the culture on
PDA. The experiment was conducted in
completely randomised design (CRD), with
three concentrations each per fungicide; and
was incubated under controlled conditions of
temperature (23 -31 °C) and relative humidity
(60-70%). Each fungicide treatment was
replicated three times. The plates were
observed daily, and colony diameters of the
fungus of each treatment with control, were
recorded with a metric ruler (mm), until the
fungus of control treatment fully occupied the
area of the petri dish. The percentage reduction
in radial growth (I) over control was calculated
using the formula proposed by Kiran et al.
(2010):

C_

T %100
C

1=
Where:

I =Percent reduction in growth of test fungi;
C = Radial growth (mm) in control; and
T = Radial growth (mm) in treatment.

Field evaluation of fungicides. The
experiment was conducted in a mango
plantation at Savelugu Nanton Municipality in
the Northern Region of Ghana. The farm was
a hotspot for MTDD, with mango trees
showing high disease incidence. The
experiment was conducted using a randomised
complete block design (RCBD) with four
replicates. Mancozeb, Funguran and
Carbendazin which inhibited L. theobromae in
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vitro, were selected and used for the field
experiment (Table 2). Prior to the study,
selected disease-trees for the trial were pruned
to remove dead branches and plant residues
from the field. Five plants of approximately
the same age, height and canopy were selected
per fungicide treatment. Then the plants were
sprayed with fungicide for two months, twice
a month.

The treated and control plants were
provided with urea fertiliser at a rate of 870 g
per tree, based on the manufacturer’s
recommendation. We used the ring method for
fertiliser application, and the plants were
irrigated every two days until the end of the
trial. The effects of the fungicides on mango
plants were evaluated by assessing the disease
severity before and after treatment (Panhwar
et al., 2007); where 0 = No signs of the
disease, 1= Gum traces oozed out/few smaller
branches dried, 2 = Oozing of gums/bark
splitting and few dead branches, 3 = Up to
35% of tree dead, 4 = More than 35% of the
tree dead, 5 = Foliage of whole tree wilted.
Data were collected on vegetative growth (i.e.,
new shoots and leaves) bi-monthly after each
fungicidal treatment. The trade name, active
ingredients, mode of action and concentration
of the fungicides are listed in Table 2.

In vitro evaluation of bioextracts

Plant materials used. The common name,
scientific name, family name and the plant part
used are listed in Table 3. Acheampong/Siam
weed, neem, pawpaw were used for the
botanical assay. The plants were obtained from
the University of Ghana campus and its

TABLE 2. Fungicides, mode of action and their recommended concentration used in field control

Trade name Active ingredient Mode of action Concentration (g 15 L")
Carbendazim Carbendazim Systemic 50
Mancozeb Mancozeb Contact 50
Funguran Copper hydroxide Contact 100
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TABLE 3. Common names, scientific names, family names and part used for in vitro bioextract control

Common name Scientific name Family name Part used
Siam/Acheampong weed Chromolaena odorata Asteraceae Leaves
Neem Azadirachta indica Meliaceae Leaves
Pawpaw Carica papaya Caricaceae Seeds

suburbs. The identity was confirmed at the
University of Ghana Herbarium, Department
of Plant and Environmental Biology.

Preparation of aqueous plant extracts. The
plant materials were fragmented into pieces
and air dried for a week. One kilogramme each
of the dried plant materials was taken and
pulverised into powder using a commercial
milling machine (Fritsch Company, Germany).
A total of 200 g of each of the powdered
samples were taken into 1 L conical flask; 1 L.
distilled water was added, and allowed to stand
for 12 hours. The supernatant was then
strained through a clean white muslin cloth to
obtain the extracts.

Inoculation and incubation of the organism.
For both solid and liquid cultures, we used an
inoculum of 4 mm agar discs obtained from
the growing edge of the culture on potato
dextrose agar (PDA), with three replicates in
each preparation. Inoculated petri plates and
flasks were incubated at 28 + 1 °C.

In vitro aqueous extracts treatments. The
potency of aqueous extracts of the selected
plants materials (C. odorata leaves, A. indica
leaves and C. papaya seeds) inhibiting the
growth of the pathogen was tested. Growth
of the fungus was assessed on solid DPDA
and in liquid DPDB, amended with varying
concentrations (1:1, 1:2, 1:5 and 1:10 v/v
dilutions) of the extracts. Petri plates and flasks
containing the amended media of the
appropriate dilutions in triplicates, were
inoculated with the fungus and incubated. Also,

control plates and flasks containing extract-
free PDA and PDB were inoculated with the
fungus.

Assessment of growth and sporulation.
Radial growth of cultures of L. theobromae,
on solid media in Petri dishes was assessed
by measuring the diameter of cultures along
two diameters, drawn at the bottom of the petri
dishes, through the centre of the inoculated
disc. The mean of the two measured diameters
was calculated and used to determine radial
growth rate. Growth in liquid cultures was
assessed by estimating the dry weight of the
harvested mycelial mat at the end of the
incubation period. Mycelia collected on a
previously weighed and dried Whatman No. 1
filter paper was dried at 75 °C for 24 hr. The
filter paper carrying the dried mycelia was then
weighed, after cooling in a desiccator to obtain
a constant dry weight. The dried weight of
the mycelia was obtained by the difference in
weight between the filter paper alone and the
filter paper carrying the dried mycelia. For the
assessment and estimation of sporulation, 4
mm agar discs was mounted in lactophenol
and observed under light microscope. The
number of spores per 20- 25 microscope field
views was counted and recorded.

Data analysis. The data collected were
analysed using analysis of variance (ANOVA).
In cases where there were significant
differences (P<0.05), means were separated
using the least significant difference (LSD) of
GENSTAT version 19.1.
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RESULTS

In vitro screening of fungicides. Results from
the laboratory bioassay showed that all the
fungicides, except sulphur 80, induced
complete inhibitions (100%) of mycelia radial
growth (Table 4). There was no significant
(P>0.05) difference in mycelia radial growth
of the fungus on the second day at various
concentrations of sulphur 80. However, days
three and four showed significant differences
(P>0.05) in growth on the standard (P<0.05)
and the other concentrations (day 3 and day
4, P<0.05).

In vivo assessment of incidence and
severity. Fungicides which were able to
inhibit the radial growth of L. theobromae under
in vitro condition were selected for the field
trial (i.e., carbendazim, mancozeb and
funguran). The results showed a reduction in
fungal infection in treated mangoes, whereas,
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the incidence (Fig. 1A) and severity (Fig. 1B)
increased in untreated (control) trees with
time. Two weeks after the second fungicidal
spray, carbendazim and funguran were
effective against the fungus (Fig. 1 B). Trees
treated with carbendazim after the third spray
had no visible disease symptoms; however,
mango trees treated with mancozeb showed
some gum exudation. Evidently carbendazim
was the most highly effective fungicide,
followed by funguran and then mancozeb.

Fungicidal spray on shoot and leaf growth.
The number of shoots and leaves of disease-
trees increased significantly (P<0.05) across
all treatments, when the fungicides were
sprayed at a two-week interval (Fig. 1C and
1D). Leaf and shoot growth steadily increased
until the end of the experiment. Mango plants
treated with carbendazim produced the highest
number of leaves; followed by funguran and
then mancozeb. After the 3rd spray, the

TABLE 4. Inhibition of mycelial radial growth of L. theobromae on potato dextrose agar amended

with six fungicides

Fungicide Concentration Inhibition of mycelial radial growth (%)
Day 2 Day 3 Day 4
Carbendazim 0.09 g 50 ml"! 100a 100a 100a
0.17 g50 ml"! 100a 100a 100a
0.26 g 50 ml"! 100a 100a 100a
Funguran 0.17 g50 ml"! 100a 100a 100a
0.33 g50 ml" 100a 100a 100a
0.50 g 50 ml"! 100a 100a 100a
Mancozeb 0.13 g50 ml"! 100a 100a 100a
0.25 g50 ml! 100a 100a 100a
0.38 g 50 ml"! 100a 100a 100a
Sulphur 80 0.09 g 50 ml"! 15b 25¢ 28¢
0.17 g 50 ml"! 22b 43b 36b
0.26 g 50 ml! 20b 25¢ 27c
Zamir 0.08 ml 50 ml"! 100a 100a 100a
0.15ml 50 ml" 100a 100a 100a
0.26 ml 50 ml"! 100a 100a 100a

Means followed by same letters in a column are not significantly different at LSD (5%)
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disease-trees sprayed with carbendazim and
funguran, showed profuse vegetative (shoots
and leaves) growth. However, mango trees
treated with mancozeb produced less
vegetative shoots and leaves. For the untreated
(control) plants, the number of shoots and
leaves production declined with time.

Aqueous extracts on growth of L.
theobromae. The radial growth rates of the
tested fungus in aqueous extracts of all the
plants materials were commensurated with the
sprayed concentration of the extracts (Tables
5 and 6). In the DPDA amended with aqueous
extracts of C. odorata, radial growth rate in
1:1 v/v dilution of the extract suppressed
growth of L. theobromae by 50% in 72 hr at
mean growth rate of 0.86 + 0.68 mm per hour;

whereas the fungus in the extract-free media
covered the plate in 42hr at mean growth rate
of 1.94 + 0.25 mm per hour.

As dilution increased, the biotoxins became
less effective (Fig. 2A); a trend that was
similar to the fungus growing on DPDA
amended with varying dilutions (1:1-1:10 v/v)
of the aqueous extract of A. indica. The
highest concentration of the biotoxins reduced
the vegetative growth in the fungus by 50% in
72 hr (0.77 £ 0.50 mm hr'), with a general
improvement growth of the fungus as dilution
increased, but the growth in dilution up to 1:10
v/v differed from that of the control plates
(Fig. 2B). The seed extract of C. papaya was
less potent against the pathogen (Fig. 2C; Table
5). With regard to the efficacy of the extracts
in reducing the vegetative growth, C. odorata

TABLE 5. Influence of varying concentrations of the aqueous extracts of C. odorata leaves, A.
indica leaves and Carica papaya seeds on the radial growth of L. theobromae at 28 + 1 °C for 72hr

Dilutions of extract (v/v)

Mean growth rate (+SE) (mm hr")

C. odorata A. indica Carica papaya
Control 1.94+0.25* 1.94+0.25* 1.94 +0.25°
1:1 0.86+0.68" 0.77£0.50° 1.24+£0.46"°
12 1.02+£0.42° 0.88+0.47° 1.47+£0.42°
1:5 1.06£0.13° 1.08 £0.46° 1.64£0.43°
1:10 1.25+0.50° 1.58£0.47° 1.78 £0.37°

Means in the same column with the same alphabets are not statistically different (P<0.05)

TABLE 6. Effectof plant materials aqueous extract on the vegetative growth of L. theobromae at 28

+1°C for 5 days

Dilutions of extract (v/v)

Mean dry weight of mycelium (+SE) (mg)

C. odorata A. indica Carica papaya
Control 291.7+£1.44 291.7+£1.44 291.7+£1.44
1:1 92.3+1.26° 1587+1.15° 180.7+£0.58"
12 146.7 £2.89° 218.3+1.44° 228.3+3.82°
1:5 211.7+1.44° 245.0+2.50° 250.0+£2.50°
1:10 251.7+1.44° 261.7 £ 1.44° 266.7 £ 1.44°

Means in the same column followed by different alphabets are significant different at P<0.05
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Influence of PDA amended with the indicated concentrations of aqueous extract of C.
odorata (A), A. indica (B) and C. papaya (C) leaves on the radial growth of L. theobromae at 28 + 1
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recorded the highest value; followed by A.
indica and then C. papaya.

Vegetative growth and sporulation of L.
theobromae. Vegetative growth assessed in
form of dry matter accumulation by L.
theobromae was suppressed by the aqueous
extracts of the tested plants at high
concentrations (Table 6); with severe
reductions in vegetative growth (Table 6, Figs.
3A-C). Chromolaena odorata at 1:1 v/v
concentration suppressed vegetative growth
by 65% (Fig. 3A); although further dilution of
the extract decreased its potency. Aqueous
extract of A. indica at 1:1 v/v dilution
decreased dry weight of the pathogen by 50%
(Fig. 3B); subsequent dilution up to 1:10 v/v
decreased the efficacy of the biotoxins.
Similarly, the aqueous extract of C. papaya
reduced vegetative growth of the pathogen by
40-45% in 5-days, with the final dry weight
varying from that of the control (Fig. 3A-C).
The aqueous extract with the highest efficacy
was C. odorata, followed by A. indica and
then C papaya. In all the flasks, no spore
(conidium) was detected after the 5-day period
of growth, when a piece of the harvested
mycelia mat was mounted and observed under
a light microscope.

DISCUSSION

This study has highlighted fungicides and
bioextracts that are most suitable for MTDD
management, and can be rotated to avoid
posing a threat to the agroecosystem. For the
first time, we have evaluated six different
fungicides and three bioextracts against L.
theobromae to aid the development of
ecologically sound Integrated Disease
Management strategy against the MTDD in
Ghana.

In the in vitro evaluation of the fungicides,
the laboratory trial showed that all the
fungicides, except sulfur 80, inhibit mycelia
radial growth of L. theobromae, suggesting
that both the tested contact and systemic
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fungicides may be effective in controlling the
MTDD. However, carbendazim and funguran
were more effective than the other fungicides.
The ineffectiveness or low levels of
suppression by sulfur 80 could be attributed
to its active ingredients, and may thus not be
suitable for area-wide management of the
disease. Mancozeb was effective for
controlling MTDD. In contrast, an earlier
study concluded it to be less inhibitive to
mycelial growth under in vitro conditions (Sahi
et al., 2012). It is worth mentioning that our
findings are based on simple laboratory tests,
and a field comparison of the efficacy of the
fungicides is necessary to confirm the present
findings.

During the field evaluation of the pesticides,
application of the fungicides at a two-weeks
interval showed carbendazim to be the most
effective in reducing the disease incidence and
severity (Fig. 1 A and 1 B). This is consistent
with the study conducted by Baibakova et al.
(2019), that fungicides inhibit rapid
development of fungal pathogens, thereby
reducing their ability to cause severe tissue
damage which invariably increases leaf surface
area for efficient photosynthesis. Similarly,
Watkins et al. (1977) confirmed that a broad
spectrum systemic fungicide is effective for
reducing date palm disease incidence. Our
results showed that to some extent, funguran
reduced the incidence and severity of the
mango decline disease. The fungicide
(funguran) was also effective in suppressing
the mango anthracnose disease in Ghana
(Honger et al., 2015).

With regard to the effects of fungicidal
spray on shoot and leaf growth, the study
revealed that mango trees treated with
carbendazim produced the highest new
vegetative growth (shoots and leaves) (Fig. 1
Cand 1 D). These findings are consistent with
those of Muhammad et al. (2005), who
reported that carbendazim was effective in
inhibiting the mycelial radial growth under in
vitro condition. The authors further indicated
that carbendazim suppressed gum exudation,
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dieback and wilting; but promoted vegetative
growth of the plants. The effectiveness of
carbendazim could be associated with its
broad-spectrum systemic fungicide properties
with protective and curative actions. Although
mancozeb was ineffective in controlling the
disease, with a marginal growth of vegetative
parts (shoots and leaves) and gumming on the
disease-trees, it performed better than the
untreated mango trees. Mancozeb is a contact
fungicide, and repeated applications at a shorter
interval could help to control the disease
(Honger, 2014). However, frequent pesticides
application of fungicides may increase the
chemical burden in the soil, leave poisonous
residues in the fruits, and eventually have a
detrimental effect on the environment and
human health (Igbedioh, 1991; Forget, 1993).
We found that proper sanitation (pruning),
irrigation and fertiliser application with at least
3-fortnightly sprays with Carbendazim could
help to control the mango tree decline disease.
This is consistent with that of Maloy (1993),
who suggested that the integration of multiple
farm practices with the aim of eliminating
human and environmental health risk caused
by chemicals used for controlling mango
diseases as the most realistic alternative for
solving the problem.

Biological control using natural plant
products, presents a viable alternative in
controlling plant diseases. The search for
bioactive compounds from medicinal plants,
and other angiosperms for biological control
is crucial for the survival of the mango
industry.

With respect to the aqueous extracts
sprayed against the pathogen, our result
demonstrated that compounds extracted from
plants varied in their efficacy in inhibiting L.
theobromae growth as the concentration of
the bio toxins increased. The differences in
fungitoxic activity observed in plant extracts
may be due to differences in active ingredient
potency, solubility of active compounds in the
extraction medium (solvent), and the presence
of inhibitors (Qasem and Abu-Blan, 1996;
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Amadioha, 2001). Our finding corroborates
that of Agyemang-Boateng (2016), who
observed that at higher concentrations, aqueous
plant extract of Plectranthus colerides
suppressed the vegetative growth and
prevented sporulation and pycnidial formation
of L. theobromae under in vitro conditions.
Our result is in agreement with Adejumo and
Otuonye (2002), who reported that C. odorata
at 5, 7.5 and 10% concentrations reduced the
incidence of inflorescence blight disease in
cashew. It is worth noting that the extracts’
inhibition of spore germination is beneficial in
the management of L. theobromae, the causal
agent of mango tree decline disease in Ghana.
However, the study showed that C. odorata
extract was the most effective in inhibiting the
mycelial radial growth of the fungus. The
increasing incidence of the disease in Northern
Ghana suggests the need to evaluate fungicides
available in the Ghanaian market for the
management of the disease.

CONCLUSION

This study showed that carbendazim
combined with pruning, irrigation and fertiliser
application is effective in controlling the disease
in Ghana. In-vitro studies showed that the
extract from C. odorata was the most
successful in reducing mycelia growth of L.
theobromae. Field trials are recommended to
further evaluate and ascertain the efficiency
of the botanicals in controling the mango tree
decline disease. This will help to formulate new,
safe and ecologically friendly fungicides from
the tested plant extracts for MTDD
management in Ghana.
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