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Mango (Mangifera indica) is one of the most important fruit trees in the tropics and
subtropics of the world. Mango decline is currently one of the main diseases of mango in
Burkina Faso. Preliminary studies revealed Lasiodiplodia theobromae associated the
disease. This study was focus on research for solutions to mango decline in Burkina Faso.
Six synthetic fungicides and three biopesticides were tested in-vitro on the mycelial growth
of Lasiodiplodia theobromae. Fungicides, biopesticides, fertilizers and agricultural
practices were used individually or in combination as treatments (T1 to T5) for the field
trial in four localities.The results revealed antifungal effect of six fungicides and two
biopesticides on mycelial growth on L. theobromae. Manga Plus©O, Idefix© and Neco©
induced 100% efficacy rate on the champigon at C1= 1000ppm. At the same dose, Banko©,
Nativo©, Référence©, Azox©O, and Proraly © had a mean inhibition rate of mycelial
growth greater than 60%. T1 (Nativo© + Manga plus©+ NPK) and T2 (Nativo© +Manga
Plus©) significantly reduced the incidence and severity of the disease. However,
Plantsain© and Solsain © have been less effective against the disease. Therefore, as part of
an integrated management of the disease in Burkina Faso, Neco© could be better predicted
because of its biological nature respectful of the environment, the health of producers and

consumers.

Copyright©2020 Dr. Seemameena and Dr. Rashmi Gupta. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Mango (Mangifera indica) produces delicious fruits and is one
of the most important fruit crops in the world's tropical and
subtropical areas. In terms of fruit production, mango occupies
the first place in Burkina Faso. Production and marketing of
mangoes are now one of the promising sectors. In 2018, fresh
mango production has increased from around 90 000 tons in
2017 to 200 000 tons (APROMAB, 2018). In terms of
resources, marketing of fresh and dried mangoes generated
more than 21 617,643.11 USD. Despite all these encouraging
data, mango sector meets many phytosanitary difficulties that
could compromise its productivity. Nowadays, mango decline,
or sudden death syndrome or mango plant mortality
(Khaskheli et al., 2011), is considered one of the most serious
threats in all mango producing regions (Kazmi et al., 2005).

In 2015, mango decline outbreak was observed in Burkina
Faso and continued to expand in different production areas
(Dianda et al., 2018). The disease is characterized by several
types of symptoms (Ploetz et al., 1996, Masood et al., 2010,
Ismail, 2011, Seyd et al., 2014). It results in a wilting of leaves
gradually evolving towards twigs and branches drying with or
without defoliation. In addition, these symptoms are
sometimes associated with gummosis by the presence of
brownish exudates on the trunks and branches. Browning may

also appear on trunks and branches, and bark cracks. Root rot
has often been reported associated with symptoms of mango
decline. Generally, symptoms associated with this disease are
expressed as twig tip dieback that advances into the old wood
with branches that dry and die, and leaves scorch and fall,
eventually causing death of plant (Saeed et al, 2017).
According to Ploetz, (2003), dieback is considered the most
destructive disease causing significant losses of yields and low
quality of mangoes. Studies have identified the Ascomycetous
fungus Lasiodiplodia theobromae (Patouillard) Griffon &
Maublanc (sin. Botryodiplodia theobromae Pat.) (Sutton,
1980) as the causative agent of the disease in various
producing regions of the world including Brazil, Korea, India,
Oman, Pakistan, United States of America, Egypt, Ghana, the
United Arab Emirates and Peru (Sharma and Gupta, 1994;
Ploetz et al., 1996; Al Adawi et al., 2003; Khanzada et al.,
2004; de Oliveira Costa et al., 2010; Hong et al., 2012, Ismail
et al., 2012; Ablormeti, 2016; Saeed et al., 2017; Rodriguez et
al., 2017). Moreover, L. theobromae may attack almost all the
organs of other trees such as cocoa, guayavier and cashew
producing various types of symptoms. In addition, this fungus
has been reported as responsible for leaf blight of Jack fruit
(Haquet et al., 2005) and for post-harvest diseases, including
fruit rots for some fruit species such as mangoes (Nuret al.,
2018).
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Before considered as an opportunistic fungus, L. theobromae is
now a serious threat for a number of crops in several
production areas. The fungus may persist as an endophyte but
turns virulent after plant weakening under abiotic stress. The
unbalanced use of fertilizer, intercropping in the tree grooves,
zero pruning and certain abiotic constraints such as drought,
high temperatures, sunshine, water stress, salinity and
nutritional deficiencies can contribute to the development and
progression of the decline caused by L. theobromae (Naqvi et
al., 2015)

Different control strategies have been investigated to reduce
the many losses caused by the mango decline. Genetic
resistance to L. theobromaewas searched among some mango
varieties by direct stem inoculation of young trees.
Indeed, Twenty varieties of mango viz., Langra, Chaunsa,
Sindhri, Neelum, Jagidar, Anwar Ratol, Saleh Bhai, Saroli,
Almas, Zafran, Gulab Khasa, Anmol, Sawarnarica, Bagan Pali,
Dusheri, Bombay, Mehran, Rampuri, Lal Badshah and Tuta
Pari screened against Lasiodiplodia theobromae in Pakistan.
Ofthese, only Bagan Pali, Saroli and Saleh Bhai showed
resistance against L. theobromae, whereas, Langra, Sindhri
and Almas were highly susceptible (Khanzada et al., 2015).

Fungicide treatments were also investigated against L.
theobromae. In-vitro mycelial growth of (KUCC0027) was
significantly inhibited by Carbendazim and thiophanate-
methyl used at 1 ppm (Khanzada et al., 2005). After the 3
spray the trees sprayed with Carbendazim or Thiophanate-
methyl showed promising results.

They produced large number of new shoots and complete
disappearance of typical symptoms of the disease (Khanzada et
al., 2005). Similar studies in Ghana detected carbendazim,
funguran, mancozeb, prochloraz and zamir effective in
inhibiting L. theobromae mycelial growth in-vitro (Ablormeti,
2016). Application of these different fungicides at intervals of
two weeks in orchards showed that carbendazim was the most
effective in reducing disease and regenerating trees
(Ablormeti, 2016). However, excessive use of fungicides may
result in chemical residues in fruit, environmental pollution
and adverse effects on human health (Okigbo & Osuinde,
2003).The current trend is towards the application of
biological control as an alternative to chemical treatments. In-
vitro tests with products of biological origin, including plant
extracts, essential oils, or antagonistic Trichoderma isolates
etc. showed promising efficacy in inhibiting mycelial growth
of L. theobromae. Indeed, aqueous extracts of garlic (Allium
sativum) had inhibitory effect against L. theobromae growth
and conidia production in-vitro (Nur et al., 2018; Raheeet al.,
2018). In addition, Trichoderma spp inhibited L. theobromae
and L. pseudotheobromae growth (Raheeet al., 2018)
suggesting that garlic and Trichoderma spp could be tested for
ecological disease management. Given the importance of
mango decline in Burkina Faso and the lack of effective
adaptation and ecological control measures, this study aims to
identify strategies for chemical or biological control in vitro
and in vivo against mango decline.

MATERIALS AND METHODS
Fungal strains

Three L. theobromae strains (N6B, K12B and C4B) were used
for in- vitro tests of mycelial growth inhibition (Table 1).
Strains were isolated from infected mangoes organs, purified
on potato-dextrose agar (PDA) media up to single-spore
cultures (Dianda et al., 2018) and then characterized on the
basis of morphological and molecular tests .Molecular tests
were done by Polymerase Chain Reaction (PCR) assays with
specifics primers Lt347-
F(AACGTACCTCTGTTGCTTTGGC) and Lt347-
R(TACTACGCTTGAGGGCTGAACA) (10 uM) defined by
(Xu et al, (2015). Pathogenicity of these strains was
confirmed by the detached organ method described in (Ismail,
2011; Munirah et al., 2017), by inoculating leaves and
mangoes and also nursery plants of the Amelie variety (Dianda
et al.no publied).

Table 1 Origins of the Lasiodiplodia theobromae strains
isolated from mango trees in Burkina Faso used in this study.

Organ Burkina Faso

Ne Strain Locality Geographic coordinates .
isolated province

1 N6B Twig Tombolo 3 N11°05.308°W001.07.882’ Nahouri

2 C4B Root  Toumousseni N10.82142°W004.63026° Comoé

3 K12B Twig Koloko  N11°05 287’ W005°20.216° Kénédougou

Fungicid and biopesticides tested

Two categories of products were selected for this study,
including synthetic fungicides available in local markets and
biopesticides. Two doses were tested. They are C1= 1000ppm
and C2=500ppm. The detail of products including their brand

name, active ingredient, concentration/formulation and
manufacture are given in Table2.
METHODOLOGY

In-vitro antifungal effects of fungicides and biopesticides on
L. theobromae growth

The "poisoned food" technique described by Kiran et al.
(2010) has been adopted to evaluate the in-vitro efficacy of
fungicides and biopesticides: The require quantity or volume
of each product was aseptically added to 1 1 of PDA culture
medium kept in a water bath at 55 °C. The PDA-fungicidal
mixture was gently agitated and poured in Petri dishes to
solidify, after which a 5-mm mycelia disc from a 7 day-old
culture of L. theobromae was placed in the center of each Petri
dish. Petri dishes containing PDA without fungicid were
inoculated to serve as control. Each of the treatments was
replicated five times corresponding five petri dishes. Dishes
were incubated at ambient temperature (28 = 2 °C) and the
observation started 24 hours after incubation and continued
until the complete growth of the mycelium in the control
containing the three strains. All manipulations were performed
under aseptic conditions.

Efficacy of the treatements in the field trials

Choice of sites and trees: Four localities (Peni, Dafinso,
Koloko and P6) selected are among the major mango
production zones. In addition, high incidences and severities
were recorded in these localities.Mangoes trees of Amelie
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whitch branchs were been partially drying especially scores 3
and 4, according to the severity scale of (Ramos et al., 1997)
were selected for the field trials. Amelie is one of commercial
varieties in Burkina Faso and presented the highest prevalence
of the disease (Dianda et al., 2018).

Choice of products and agricultural pratices: WNativo
(Systemic fungicide) and Manga Plus (Contact fungicide) are
approved by the Sahelian Pesticides Committee (CSP). These
synthetics fungicides and Plantsain (Aromes of Trichoderma
harzianum), Solsain (conidia of Trichoderma harzianum) are
accessible by farmers in Burkina Faso. These products were
used to control L.theobromae in the field. Cuvettes of 2m
radius and 30cm deep were made around the trunks of the trees
for the correction of the problems of water retention and
nutrients. Pruning of dead branches was been to reduce the
inoculum rate on already attacked branches and contribuate a
good vegetative growth.

Choice of treatments for the experiment

All four treatments and control were used for experiment. The
table III described products combinaison in each treatment
durine the field trial in the fonr localities

year (Supplemental data). Thus, all diseased branches of
mango trees used in this experiment were pruned and cuvettes
were made around tree whitch fertilizers were applicated. The
effect of the treatments were evaluated by assessing the
disease severity and incidence before and after foliar spray
during a one-year period with 4 evaluations.

Experiment in the differents orchards

The experiment was designed using the Randomized Complete
Block Design (RCBD) with six replications by treatement. The
two field trials were installed respectively in May 2017 and
2018. For each of the two experiments in the mango tree
orchard attacked the monitoring was conducted annually.

Mode and frequency of treatment applications

The products and practices agricultural were applied at the
level of the aerial and underground part of the trees concerned.
A volume (V = 3001) of the mixture (water + product) was
retained for a treatment of one hectare of 100 mango trees.This
volume was determined after a field test following the method
of (PIP, 2013).

Table 2 Fungicides and biopesticides used in the study

Manufacturer's address L. . Doses and quantity Chemical
Brand name Active ingredient Field trial_1000ppm _500ppm family Category
Banko Plus . i n phtalic derivatives +
© Carbendazime (100 g.I') 2l.ha 10ml Nt Benzimidazoles,
Azox© X Azoxtrobine (250 g.1"°) 1 Lha' 4ml Nt Strobilurines
NATIVO© 01 BP 1930 Bobo-Dioulasso
Tel: (226) 209720 18/2097 20 36 (Tébucon-azole 200 g.I") 1 Lha Sml 2,5ml Triazole ..
300 SC . Fungicids
Réference® Fax: (226) 20 97.13.75 Propiconazol (250 g.I'") 0.5 Lha™! 4ml 2ml Triazole
. Email: saphyto@fasonet.bf P g o
() phyt . 1 .. .
IDEFIX Hydoxyde de cuivre (656g/kg) 2Kg.ha 1,5¢ 0,76g Fongicide minéral
Il;/llirsl(gj Mancozeb (800 g/kg) 2Kg.ha'! 1,3g 0,65g Dithiocarbamate
) Email:bioprotect.b@gmail.com Aromes de Trichoderma
Plantsain® Website:www.bioprotect-b.com harzianum 5 Lha 20ml Nt Microbial
Tel. : 00226 70 22 48 41 (50ml/1)
- Phytopathogy and Agrophysiolo, Ocimum gratissimum essential oil . Biopesticides
(©) ytopathogy grophy. 2y g 1 P
Neco laboratory of the (50ml/1) 1.2 1ha 20ml 10ml Vegetable
Proraly© vniversity ()151];;1)1:6( I(il’(;t/‘gihr(;uCt_Bmgny’ Tymol Eugenol Citronollol 1.2 Lha™ 20ml Nt
y (50ml/1) - Vegetable

Contacts: 09 03 03 77 /01 08 92 75

Legend : C1 and C2: Two dose tested, Nt: Not tested; (C) : commercial

Table 3 Characteristics of the traetments, periods and the
localities used in the fields trial

First year of the field trial at 2017 Second year of the field trial at 2018
to 2018. to 2019.
In Peni In Dafinso, Koloko and Po
Products and Products and
Treatments . . Treatments . .
agricultural pratices agricultural pratices
Nativo + Manga Plus Nativo + Manga Plus +

m +NPK T NPK

T2 Nativo + Manga Plus T2 Nativo + Manga Plus

T3 Nativo T3 Plantsain +organic
manure

T4 Manga Plus T4 Plantsain + Solsain

TS Control TS Control

In a preliminary experiment, we showed that pruning of
branches affected and cuvettes around the tree helped
recovering vegetative growth for more than 30% of the
branches after three months and up to 48% after one year.
However, we also showed that shaping the soil into a slight
bowl around the tree to retain water near the tree helped did
not reduce wilting symptoms of diseased branches after one

The plants were copiously sprayed three times with the
fungicide and biopesticides after every 14 days interval
(Khazanda et al., 2005).Fertilizers were applied only once
during the first spray.

Parameters evaluated

Determination of the inhibitory effect of fungicides and
biopesticides on mycelial radial growth of L.theobromae

The rate of inhibition of mycelial growth, the fungicidal and
fungistatic effects were the main parameters evaluated. The
radial growth of the mycelia was measured using a graduated
ruler from daily after incubation on two perpendicular lines
drawn on the reverse side of each Petri dish.

The percentage of mycelial growth inhibition was calculated
using the formula of Sahi et al. (2012). [ = (%) *¥100 X
: Average mycelia growth of control; Y : Average mycelia
growth of treated plates. At the end of the 6" days after
incubation (DAI), the mycelial explants whose radial growth
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was null in the Petri dishes containing the poisoned media
were transferred aseptically into a freshly prepared, non-
poisoned PDA medium. The cultures were incubated under the
same conditions previously described and examined daily
under a microscope for ten days to detect a possible start of
mycelial growth.

If the fungus restarted its growth, the product used was said
fungistatic. On the other hand, if the fungus did not develop
after 10 days of observations, the product used was classified
as fungicide.

Field evaluation of the treatements for control of mango tree
decline disease

The effects of the treatments on mango plants were evaluated
by assessing the disease severity and incidence before and
after spray. Morowever rate of vegetative growth of branchs
per mango treewas evaluated. Disease incidence was
calculated as number of infested plants showing symptoms out

nix100 .
— .l

of total numbers of mango plants observed. 77 =
: number of infested plants, N : number of mango plants
observed.

The mean severity (S) per treatment was calculated according
to the formula. S = Y)(xini)/n with xi : represents the severity
scores of the disease according to the scale of (Ramos et al.,
1997). The rate of vegetative growth of branchs per mango
tree(Tr)was evaluated according to the formula: Tr = (nr *
100)/N with nr :number of branchs presented vegetative
growth; V : total of branchs concerned. After the average rate
of vegetative growth was calculated per treatment.

The periods of evaluations of the effectiveness of the

treatments were variable according to the parameter
concerned.
Statistical analysis

The Excel 2013 spreadsheet was used for data entry, data
organization and graphing. The average inhibition rates of the
different fungicides, the average of disease severity and the
mean rate of vegetative growth in the different treatments were
subjected to variance analysis (ANOVA) using the XLSTAT
2014 software. The separation of averages was done by the
Newmans Keuls and Duncan test at the 5% level.

RESULTS AND DISCUSSION

Inhibitory effect of products on mycelial radial growth of L.
theobromaeat C1= 1000ppm

The nine products showed variable inhibitory levels on L.
theobromae mycelial growth. The inhibition rate of each
product on each of the three strains was almost similar. Table
IV shows the average inhibition rate of mycelial growth of the
three strains (C4B, N6B and K12B) by the products during 6
days of incubation. There was complete inhibition (100%) of
mycelial radial growth of L. theobromae during this period by
three of the products namely Neco, Idefix and Manga Plus. At
6 Days After Incubation (DAI), they are followed by Nativo
(89,19%) and Reference (86,35%). Proraly, Banko and Azox
enregistred intermediate efficacy with inhibition rates between

62,3% and 80,13%. Plantsain compared to the control, has no
effect on inhibition of mycelial growth of L. theobromae.

Table 4 Percentage inhibition of mycelial radial growth of L.
theobromae by Potato Dextrose Agar (PDA) amended with nine
products at C1=1000ppm.

Treatments 2DAI 3DAI 4DAI SDAI 6DAI

Témoin 0,00a 0,00a 0,002 0,00a 0,002
Banko 100,00 100,00c  100,00c  76,48bc  75,74bc
Proraly 100,00c  100,00c  73,64b  70,37b 66,05b
Azox 100,00c  100,00c  100,00c  80,93bed  80,12cd
Nativo 100,00 100,00c  100,00c  89,84de  89,20de
Reference 100,00c 100,00c  100,00c  86,85cd 86,36¢cd
Idefix 100,00c  100,00c  100,00c  100,00¢ 100,00e
“{f‘lﬁfa 100,00c  100,00c  100,00c  100,00¢ 100,00e

Plantsain ~ 50,54b  17,41b  0,00a 0,00a 0,002
Neco 100,00c  100,00c  100,00c  100,00¢ 100,00e

Means followed by same letters in a column are not
significantly different according the test of Newman Keuls at
(5%).

Inhibitory effect of products on mycelial radial growth of L.
theobromae at C2= 500ppm

Neco, Manga Plus, Idefix, Nativo, Reference and Azox
recorded the highest inhibitory rates of mycelial growth of the
three strains of L.theobromaeat Cl= 1000ppm. These six
fungicides tested at C2=500ppm also showed varying
inhibitory rates on mycelial growth of the three L. theobromae
strains. They were less effective during the incubation period
compared to C1 = 1000ppm. Nevertheless, all six fungicides
resulted in a 100% inhibition rate until the 3 (DAI). This rate is
constant for Neco, Manga Plus and Idefix until the 4DAI. At,6
DAI all six fungicides had an inhibition rate greater than 60%.

Table 5 Percentage inhibition of mycelial radial growth of L.
theobromae by Potato Dextrose Agar (PDA) amended with six
products at C2= 500 ppm.

Treatements 2DAI  3DAI 4DAI SDAI 6DAI
Témoin 0,00 0,00 0,00a 0,00a 0,00a
Nativo 100,00 100,00  69,38b 69,38b 67,04b
Référence 100,00 100,00 64,69b 64,69b 62,41b
Idefix 100,00 100,00 100,00c 100,00¢ 80,56¢
Manga Plus 100,00 100,00 100,00c 100,00¢ 78,58¢
Neco 100,00 100,00 100,00¢c 71,73b 68,58b

Means followed by same letters in a column are not

significantly different according the test of Newman Keuls at
(5%).

Fungicidal and fungistatic effect of the products tested

The nine products tested were classified into two groups
depending on mycelial growth and color of the culture medium
during the incubation period.

Neco, Idefix and Manga caused total inhibition of mycelium
growth of the three L. theobromae strains when tested at
C1=1000 ppm. Thus, these three products had a fungicidal
effect on the three fungal strains. There was no color change in
the culture media containing these products.In contrast, a
restart of mycelial growth after the incubation period was
noted for Nativo, Propiconazol, Banko, Azox, Proraly and
Plantsain at the two doses tested. Culture media treated with
these fungicides turned red during the incubation period.
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Fungicidal or fungistatic effect of products tested depended
sometimes of the dose used.

Efficacy of different in-vivo treatments in mango orchards.
First year of the field trial at 2017 to 2018 in Peni

Vegetative growth : All four treatments including the control
enregistred vegetative growth on branchs pruned. The number
of branchs having vegetative growth increased progressively in
the treatments during the period of the experiment.

However, the treatments showed a variability in the average
rate of vegetative growth. About, T1 (recorded the highest
average rate (84,96%) and the lowest value (48,8%) was
observed in the control (T5). Other treatments recorded
average rates of vegetative growth intermediate (Figl).

The effect of treatments on the incidence of the disease

All four treatments and control had variable incidence rates of
the disease. TS5 (control) did not result in a reduction in the
incidence of the disease during the period of the experimental.
It recorded an incidence rate of (100%) after one year of the
experimental test. However, T1 and T2 led to progressive
reductions in the rate of incidence of desease. After one year of
the experimental trial, no characteristic symptoms of the
disease were observed in these two treatments. T3 and T4
reduced also the rate of symptomatic mango trees respectively,
by 50% and 33.33%. After one year, T3 recorded a rate of
33.33%. However, the incidence rate of T4 increased to (80%).
This increase is due to the appearance of symptoms on the new
shoots of mango trees (Fig 2).

Taux de régéneration (%)
IR
SSS

A B C

Interval de I'évaluation

—0—TI1 T2 T3 ——T4 ——T5

Figure 1 Average rate of branches with vegetative growth per the four
treatments and the control

A: Three month after the implementation of the experimental
trial ;B: Six month after the implementation of the
experimental trial; C: One year after the experiment.

100.00 1
90.00 4 |
& 80.00 A
E 70.00 4 |
£ 60.00 1
£ 5000 q]
) moo-z
g 3000 7|
& 2000 1]
10.00 1|
0.00 *
Tl T2 T3 T4 T5
Traitéments
mA B C mD ]

Figure 2 Effect of six treatments on disease incidence rate compared to
control (%)

A : Before the 1st spray ; B : Before the 2nde spray C : Before
the 3rd spray D : After one year of implementation of the
experimental trial.

The health status of mango trees in the different treatments

At the end of the experimental test, observations of the
different parts of the canopy were made. Depending the health
of the leaves of mangoes tree, treatments were divided two
categories.

At the end of the experimental trial, T1 and T2 mango trees
were not affected by the disease. However, mango trees of T4
and TS5 presented the characteristic symptoms of the disease.
Indeed, TS recorded a rate mortality of (50%) of mangoes tree.
The Figure3 presents the sanitary evolution of two mango trees
respectively from T1 Fig 3(A & B) and T5 Fig 3(C& D).

The effect of the treatments on the severity of the disease

All of the treatments including the control had an initial mean
severity score of (S=3,5) before the implementation of the
experiment trial. The vegetative growth on branche pruned
after three months of the installation of the experimental test,
resulted in a considerable reduction of the average severity (S
= 2) in the different treatments. At the end of the experimental
trial, T1 and T2 had a mean severity score of (S = 1)
corresponding to the absence of symptoms on mango trees
according to the scale used. The average value of 1,33
collected at T3 level also reflects an acceptable control in
reducing the severity of the disease.

The mean severity (S=3,5) of the control remained unchanged
and even increased (S=3,83) at the end of the experimental
test. It is followed by T4, which recorded at the same period
average severities of (S=2,83) (Fig4).
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8L0Z HdYEC 9E5DL

Figure 3 Health status of two mango trees during two different periods the
experimental test (A&B: Mango tree of T1 without symptoms after respectly 7
and 11 month; C: Mango tree of TS without symptoms after 7monthD: died of

mango tree TS after] Imonth.

4.5 o

3.5 1

2.5 1

1.5 1

Sévérité moyenne

0.5 1

Interval de temps d'évaluation

—0—T1 —0—T2 T3 —@—T4 —0—T5

Figure 1 The average severity of six treatments during four periods in
experimental trials in comparison with the control.

A : Before the implementation of the experimental trial, B :
After threemonths of the experimental test; C: After ten
month of the experimental test; D: After one year of the
experimental test.

According to the results of this first experimental test in Peni,
the combinations T1 (Nativo + Manga Plus + NPK ) and
(Nativo +Manga Plus) could be effective in strategy to control
the desease.

Second year of the field trial at 2018 to 2019.

Vegetative growth : it was also observed on mango trees of all
the treatments from all three localities. After one year of
implementation of the experimental trial treatments T1 (Nativo
+ Manga Plus + NPK) and T3 (Plantsain + Organic Fumure)
recorded the highest rates of vegetative growth of mango trees
in all the localitiesFigure5.Analysis of the variance of the
average rates of vegetative growth at the threshold of (5%)
shows no significant difference between these two treatments
in each locality concerned.T2 (Nativo + Manga Plus) and T4
(Plantsain + Solsain) were statistically equivalent but
differents to (T1 and T3). TS (Control) recorded the lowest
vegetative growth rates (24,88 to 34,44%). For each of the four
treatments used in the three localities, the lowest values come
from the field trial of P6 Fig 5.

The effect of treatments on the incidence of the disease

After one year of the experimental trial, characteristic
symptoms of the disease were observed in all three localities
(Dafinso, Koloko and P6). Indeed, branches drying and
mortalities of mango trees were recorded at the T3, T4 and
(TS) control. T3 and T4 enregistred a rate mortality of 33,33%
and TS5 (50%) in the field trial of P6. Alone, TS enregistred
mortality of mango tree in Dafinso and Koloko with a rate
(16,66%) in these two localities.Leafs necrosis showing the
initial symptoms of the disease were observed a few mango
trees of Tland T2 in P6.In the experimental trials of Koloko
and Dafinso, no symptoms of the disease were recorded on the
mango trees of these two treatments. The Figure6 shows the
incidences of the disease recorded in four treatments and the
control. The Treatments (T4 and T5) and control (T3) showed
the highest incidence rates of the disease. However, disease
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incidence were zero at the treatments (T1 and T2) in the
localities of Dafinso and Koloko Fig 6.
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Figure 2 Average rate of vegetative growth after one year per treatment in the
three localities. Means followed by same letters in a column are not
significantly different according the test of Duncan at (5%).
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Figure 3 Effect of four treatments on disease incidence rate compared to
control (%) in Dafinso, Koloko and P6. After one year of implementation of
the experimental trial.

The effect of the treatments on the severity of the disease

A reduction in mean severity was recorded at each treatment
except for the control. T1 and T2 resulted in a considerable
reduction in the mean severity of the disease (S = 1) in the
fields trials of Dafinso and Koloko. For each of the four
treatments including the control, the highest average severity
of the disease was observed in the field trial of P6.Indeed, the
mean severities of T1 and T2 were respectively (S = 1,5) and
(S = 2,16) in this locality.T3 and T4 were less effective in
reducing the severity of the disease. Their average severity was
respectively (S = 3,66and (S = 3,5) Fig7.
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Figure 7 The effect of four treatments comparated to the control in reducing
the average severity of mango decline in three localities in Burkina Faso. The
values followed by the same letter are not significantly different at the 5%
threshold according to the Duncan test in the three localities.

DISCUSSION

In-vitro antifungal activity of fungicides and biopesticides on
mycelial of L.theobromae

3

The results obtained showed an inhibitory effect of all the nine
products used on the mycelial growth of L. theobromae.
However, there was a variability in the inhibition rates
between the different treatments depending on the duration of
incubation and the two doses used.

The good control of eight products (Neco, Idefix, Manga Plus,
Banko, Nativo, Azox, Reference and Proraly) would be
inherent to the properties of their active ingredients. In this
regard, studies have already revealed the efficacy of certain
products on a large number of pathogenic fungi including
Deuteromycetes and Ascomycetes. Indeed, Ablormeti, (2016)
revealed a total effectiveness of three doses of Mancozeb on
mycelial growth of L. theobromae responsible for mango
decline in Ghana.

Tedihou et al. (2018) reported the combination of Banko Plus
as a systemic fungicide and Mancozeb as a contact fungicide
should help to control mango and citrus dieback in Togo. Both
fungicides have been shown to be effective against L.
theobromae, the probable pathogen of the disease in this
country.

In Pakistan, no mycelial growth of L. theobromae associated
with mango stem end rot was observed following the in-vitro
antifungal test with Carbendazim, Azoxtrobin, (Tebuconazole
+ Trifloxystobin) and Propiconazol (Seyd et al., 2014).

In the same country, Baloch et al. (2017) revealed that Nativo
was more effective on Lasiodiplodia theobromae, a fungus
responsible of the guava decline.

In addition, Neco has a total effectiveness on the mycelial
growth of L. theobromae from the beginning till 6 DAI in the
same way as ldefix and Manga Plus. This O.gratissimum
essential oil even offered superior efficacy compared to other
synthetic products (Banko, Azox, Reference and Nativo). Our
results corroborate those Doumbouya et al. (2012) who
showed that O.gratissimum oil has a marked efficacy on
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Pythium sp. and much greater on the different life stages of F.
oxysporum compared to callucuivre and Banko plus. In
addition, this essential oil completely inhibited Colletotrichum
capsici and Sclerotium rolfsii growth at concentrations of 50
and 500 ppm, respectively (Khanna ef al., 1991). According to
Kassi et al. (2014), Neco foliar spray can be an effective
means of controlling Mycosphaerella fijiensis and can be
combined in an integrated control system against banana black
leaf streak disease. Nativo, Reference, Banko and Azox are the
systemic fungicides used in this study. The active ingredients
in these products are divided into three chemical families
(Table 2). In general, this group of fungicides inhibits the
processes of cellular biosynthesis and is important in curative
control against fungi that grow very fast like L. theobromae
(Corbaz, 1993). The fungicidal activity of triazoles is based on
their ability to inhibit the biosynthesis of ergosterol, an
essential membrane sterol of fungal strains (Roberts et
Hutson., 1999; Onyewu et al., 2003). This inhibition leads to
an accumulation of non-demethylated sterols, modifying the
shape and the physical properties of the fungal membrane
(decrease of the fluidity) and causing in particular a change in
the permeability and the malfunctioning of the membrane
proteins. Benzimidazoles inhibit parasite mitosis by binding to
a microtubule protein preventing their correct union in the
spindle (Davidse and Flach, 1978). Strobilurins inhibit electron
transfer in mitochondria. This disrupts the energy metabolism
of the target fungi and prevents their growth.

They are therefore inhibitors of mitochondrial respiration and
therefore of the energy production of cells (Giraud, 2018).

Manga and Idefix are the two contact fungicides tested in this
study. Still called preventives, protective or residual
fungicides, they attack the pathogen as unspecific, broad-
spectrum poisons. They inhibit systems respiratory and
enzymatic cellular. Indeed, they act on the spores of the fungi
and prevent them to emit filaments penetrating the tissues of
the host. Thus, these two fungicides could be used in
preventive treatment against L. theobromae as well as the other
species of fungus associated with mango decline in Burkina
Faso (Corbaz, 1993; Dianda et al., 2018). In addition, actives
ingredients of Manga and Idefix belongs respectively to
dithiocarbamates and mineral fungicides. The first chemical
family (dithiocarbamates) acts on many fungi and Oomycetes
by blocking three main metabolic processes: fatty acid and
nucleic acid biosynthesis and mitochondrial respiration. The
copper contained in Idefix can act preventively by inhibiting
spore germination and hyphal growth. Nevertheless, it can
sometimes acts in a curative way and limits the development
of fungi. Neco and Proraly are the essential oils tested.
Phenolic compounds of essential oils modify fungal cell
permeability by interacting with membrane proteins.

This causes deformation of the cell structure and disrupts their
functionality, entraining to loss of macromolecules leading to
inhibition of fungal growth (Pramila et al., 2012). Thus, the
efficacy of Neco on the three L. theobromae strains used in
this study is due to the action of thymol phenolic compound,
which is the majority of the essential oil of Ocimum
gratissimum (Kassi et al., 2014). Thymol is known to be toxic

and would target the cytoplasmic membrane and the wall of
microorganisms (Uribe ef al., 1985).

The Camphor and 1,8-cineole are two constituents of Neco.
They can also inhibit the germination of spores and the growth
of pathogens (Ishikawa et al., 1986).

This study revealed the total efficacy of Neco on the mycelial
growth of L. theobromae. This product could effectively
replace the other six synthetic products (Banko plus, Azox,
Reference, Nativo, Idefix and Manga) used in this study.

Efficacy of treatments in the fields trial

The results of the first experimental trial in 2017-2018
revealed a gradual reduction of incidence and severity of the
disease in T1,T2 T3 and T4.This reduction was even complete
after one year of the experimental trial at the treatment level
(T1 and T2).These results are almost similar to those obtained
at the level of the second experimental trial in 2018-2019 in
the localities of Dafinso, Koloko and P6 for treatments (T1 and
T2).The fungicides (Nativo and Manga Plus) associated with
these treatments would be responsible for the decrease of the
desease. These two fungicides were effective in inhibiting the
growth mycelial of L.theobromae in-vitro. Our results are
similair with those of Khanzada et al. 2005 which revealed a
greater effectiveness of carbendazim followed by thiophanate-
ethyl and Alliete to control mango decline. These authors
noted that incidence and severity of the disease in mangoes
treated with these fungicides had gradually decreased with the
number of sprays.After the third spraying, trees treated with
carbendazim or thiophanate-methyl gave promising results. In
addition, Mahmood et al. (2002) noted that the first foliar
spray of Topsin-M (thiophanate-methyl) @ 1 gL-1 reduced L.
theobromae infestation to 10% and the second spray of the
same fungicide inhibited completely the fungus.

Nevertheless, there was a difference between the two
fungicides (Nativo and Manga Plus) in controlling mango
decline in Burkina Faso. Indeed, we observed characteristic
symptoms of desease on new shoots of mango treated only
with Manga Plus in the field trial in Peni. These results
indicate a weak control of this contact fungicide whitch active
ingredient is a Mancozeb in the manegment of mango decline.
In contrast, the effectiveness of Nativo to controle the disease
could be due to its systemic properties allowing it to be
maintained in the vascular system of the tree.These results
corroborate those of (Ablormeti, 2016) who has shown at the
end of orchard tests that carbendazim (systemic fungicide) was
more effective in reducing the incidence and the severity of
mango decline compared to funguran (contact fungicide) in
Ghana. Nevertheless, this author believes that repeated
applications of contact fungicides at a reduced time interval
may help control the disease.

Efficacy of products of biological origins : T3 (Plantsain +
Organic Fume) and T4 (Plantsain + Solsain) used in the
second experimental trial (2018-2019) resulted in a very
lowest reduction of incidence and severity of the desease.
Dead mango trees were even noted on these treatments in the
locality of P6.Thus, Plantsain and Solsain used in this study as
biofungicides would be less effective against this fungus.
These results confirm the low rate of inhibition of mycelial
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growth of L.theobromae that we obtained during the in-vitro
antifungal efficacy test with Plantsain.

Nevertheless, these two biopesticides were made respectively
using the aroma and spores of Trichoderma harzianum
(www.bioprotect-b.com). Trichoderma spp are antagonists of a
range of fungi (Botrytis cinerae, Fusarium oxysporium, L.
theobromae, etc.) by producing volatile and non-volatile
antibiotics that can control them (Dennis and Webster, 1971a
et b; Mukhopadhyay et Kaur, 1990; Pan et Bhagat, 2008). In
fact, Trichoderma harzianum was able to cause an inhibition
rate (74,47%) on the mycelial growth of L. theobromae, the
pathogen responsible of stem end rot in mangoes in India
(Rahee et al., 2018). T. harzianum isolates tested in-vitro
resulted in inhibition of mycelial growth of Aspergillus niger,
F. oxysporum, and Fusarium solani as the main fungal
pathogens found in onions in Burkina Faso (Dabiré¢ et al.,
2016). The low efficacy of Plantsain and Solsain found in this
study could be related to the conidia of 7. harzianum
incorporated in these two biopesticides. According to Corbaz
(2013), the results of biological control in the strict sense
depend very much on the strains used as antagonists. About,
within a population of a single species, there are considerable
differences in the production of antibiotics, the ability to
parasitize the pathogen, or even the behavior according to the
temperatures.

Also, he reported that difficulties in the conservation of these
living microorganisms may occur during storage and influence
their ability to germinate, develop and take action as soon as
they are transferred to the environment where they can act.
About, inhibitory effect of Trichoderma spp is related to its
ability to produce antibiotics such as trichodermin,
trichodermol, harzianum A, harzianolide (Dennis and Webster,
1971a, Kucuk and Kivanc, 2004). Morover, they are capable
of producing cell wall degrading enzymes such as chitinases
and glucanases that break down polysaccharides, chitins and
the destructing cell wall of beta-glucanase (Elad, 2000).
Morover, the weak control on L. theobromae by plantsain and
Solsain could also be explained by the mode of application
used. Indeed, Dabiré et al. (2016) found that the antagonistic
power of five isolates of 7. harzianum on three pathogenic
fungus species isolate from onions was higher in direct
confrontation (antagonistic coefficient of 0,6 at 0,93)
compared to the distance confrontation (antagonism coefficient
ranging from 0,01 to 0,21). Thus, they consider that the modes
of action of the antogonists and the possible forms of use are
important parameters in the context of biological control.

Agricultural practices in mango decline management : T5
recorded a of vegetative growth in the two fields trials. This
result confirm these of our preliminary study, about advantage
of pruning of portions affected.In addition, to the improvement
in vegetative growth T1 (Nativo + Manga Plus + NPK) and T2
(Nativo + Manga Plus) led to a considerable reduction in the
incidence and severity of the disease. In summary, the
fungicide treatments associated with these agricultural
practices would contribute to a good management mango
decline in Burkina Faso. Indeed, Parkash and Raoof, (1989)
reported that the size of the affected parts, followed by the
spraying of the Bordeaux mixture in the pruned parts, made it
possible to effectively control the disease.

Low efficacy of treatments in the field trial in the Poé locality

All the treatments showed a low level of control of mango
decline in P6 compared to the two other localities (Dafinso and
Koloko).These results could be explained by the fungus strains
present in this locality that would be resistant to the fungicides
applied. Morover, the mortality rate (50%) confirms the high
severity of the disease, which could have a negative impact on
the effectiveness of the treatments provided in this locality.

CONCLUSION

In-vitro antifungal tests revealed the inhibitory effect of the ten
products tested. Eight products made up of six synthetic
fungicides (Banko, Azox, Reference, Nativo, Idefix and
Manga Plus) and two essential oils (Neco and Proraly) showed
a significant level of control in their rate of inhibition on
mycelial growth of L. theobromaeFrom the results of this
study, fungicides (Nativo and Manga Plus) and agricultural
practices (pruning of portion affected and Cuvettes around
mangoes trees) could be used in the management of mango
decline in Burkina Faso. Morover,Néco could be associated
with the means of combating of mango decline, as part of an
integrated management strategy that respects the environment,
the health of the producer and the farmer customer. However,
field trial have to carry out with this poduct or others
biological d'origins. These experiment would allow to confirm
efficacy of Neco or to choice of other.

Acknowledgment

The National Research Fund project of Burkina Faso
(FONRID), the International Foundation for Science (IFS) and
the International Mixed Laboratory (LMI-PathoBios IRD-
INERA) have greatly contributed to the realization of this
research activity and its publication. We send them our sincere
thanks.

Bibliography

AlAdawi, A.O., Deadman, M.L., AlRawahi, A.K., Khan, A.
J. and AlMagbali, Y.M. 2003. Diplodia theobromae
associated with sudden decline of mango in the
Sultanate of Oman. Plant Pathology, 52,419.

Ablormeti, K.F.2016. Aetiology, economic importance and
control of mango (mangifera indica 1.) tree decline
disease in northern region of Ghana. This thesis is
submitted to the University of Ghana 127 pages.

Apromab, 2018. Rapport de synthése de 1’atelier bilan
national de la campagne mangue, 28p.

Baloch, A., Abro, M.A., Jatoi, M. H., Abro, N.A., Dad, S.,
Rafiqu, M., Ali, R., Memon, S. and Mangi, N. 2017. In
-vitro evaluation of different fungicides and the bio-
control agent Trichoderma  harzianum  against
Botryodiplodia theobromae, the cause of guava decline
Pak. J. Biotechnol. 14 (3) 491-496 (2017).

Corbaz, R. 1993. Principes de phytopathologie et de lutte
contre les maladies des plantes. Edition: Presses
polytechniques et universitaires de romandes p182-183.

Dabiré, T.G., Bonzi, S., Somda, 1., & Legreve, A. 2016.
Evaluation in-vitro de 1’activité antagoniste d’isolats de
Trichoderma harzianum pers contre trois especes
fongiques pathogénes de 1’oignon au Burkina

22804



Classical Uses of Haridra (Curcuma Longa)

Faso.Tropicultura, 2016, 34, 3, 313-322.

Davidse, L.C. and Flach, W. 1978. Interaction of
thiabendazole with fungal tubulin, Bioch. Biophys.Acta
543 (1978)82-90.

Dennis, C. and Webster, J. (1971a). Antagonists properties
of species groups of Trichoderma Production of non-
volatile antibiotics. 7. Brit. Mycol. Soc., 57: 25-39.

Dennis, C. and Webster J. (1971b). Antagonistic properties
of species groups of Trichoderma 11.Production of
volatile antibiotics. T. Brit. Mycol. Soc., 57: 41-48.

Dianda, Z. O., Wonni, 1., Zombré, C., Traoré, O., Sérémé,
D., Boro, F., Ouédraogo, I. Ouédraogo, S. L., Sankara
P., 2018. Prévalence du dessechement du manguier et
evaluation de la fréquence des champignons associé
Journal of Applied Biosciences 126: 12686-12699.

Doumbouya, M., Abo, K., Lepengue, A.N., Camara, B.,
Kanko, K., Aidara, D. and Koné G. 2012.Activités
comparées in ivitro de deux fongicides de syntheses et
de deux huiles essentielles sur les champignons
télluriques des cultures maraichéres en Cote d’Ivoire.
Journal of Applied Biosciences 50: 3520 — 3532.

De Oliveira, Costa V.S., Michereff, S.J., Martins, R.B.,
Gava, C.A.T., Mizubuti, E.S.G.and Camara, M.P.S.,
2010. Species of Botryosphaeriaceae associated on
mango in Brazil. Eur. J. Plant Pathol. 127(4), 509-519.

Elad, Y. 2000. Biological control of foliar pathogens by
means of Trichoderma harzianum and potential modes
of action. Crop Prot., 19: 709-714.

Giraud, R. 2018. Azoxystrobine : maticre active du Heritage.
Clinique du Gazon https://cliniquedugazon.fr » Produits
phytosanitaires ».

Haquet, M.M., Mridha, M.A., Bhuiyan, M.K., Huda, S.M.S.
and Uddin M.B. 2005. Studies on the occurrence and
severity ~of  leaf  blight of Jack  fruit
(ArtocarpusheterophyllusLam.) Caused by
Botrydiplodia ~ theobromae  pat.  Journal  of
Mycopathological Research. 43(1): 91-94.

Hong, S.K., Lee, S.Y., Choi, HW., Lee, Y.K., Joa, J.H. and
Shim H. 2012. Occurrence of stem-end rot on mango
fruits caused by Lasiodiplodia theobromae in Korea.
Plant Pathol J 2012; 28: 455.

Ismail, A.M., 2011. Studies on the fungal diseases of mango
with particular reference to diseases caused by
botryosphaeria species thesis of university of catania.
161p.

Ismail, A.M., Cirvilleri, G., Polizzi, G., Crous, P.
W.,Groenewald, J. Z., Lombard.L., 2012. Lasiodiplodia
species associated with dieback disease of mango
(Mangifera indica) in Egypt. Australas. Plant Pathol.
41(6), 649-660.

Ishikawa, M., Shuto, Y. and Watanabe H. 1986. Agric.
Biol.Chem., 50, pp. 1863, 1986.

Kassi, F.M., Badou, O. J., Tonzibo, Z.F., Salah, Z., Amari,
L., N’ogn, Dadé¢ .G. E. and Kone, D., 2014.Action du
fongicide naturel Neco contre la cercosporiose noire
(Mycosphaerella fijiensis Morelet) chez le bananier
plantain (AAB) en Coéte d’Ivoire. Journal of Applied
Biosciences 75:6183— 6191.

Kazmi, M.R., Fateh, F. S., Majeed, K., Kashkhely, M.A.,
Hussain, 1., Ahmad, A. and Jabeen., 2005. Incidence

22805

and etiology of mango sudden death phenomenon in
Pakistan. Pak. J. Phytopathol.,17((2)), 154—158.

Khanna, R., Johri, J.K., Srivastava, KM., Khanna, S., 1991.
Screening for alternative biocides amongst plant-based
essential oil. Natural Academic Science Lett. 14: 3-6.

Khaskheli, M.I., Jiskani, M.M., Soomro, M.H., Talpur, M.A.
and Poussio, G.B. 2011. Prevalence of Mango Sudden
Decline / Death Syndrome (Msds) on Various Varieties
At the Orchards of Different Age in the Vicinity of
Tando Qaiser, Hyderabad, Sindh. Pak. J. Agri., Agril.
Engg., Vet. Sci.,27(2), 160-167.

Khanzada, M.A., Lodhi, A.M. and Shahzad S., 2004. Mango
dieback and gummosis in Sindh, Pakistan caused by
Lasiodiplodia theobromae. Online. Plant Health
Progress, doi: 10.1094/PHP-2004-0302-01-DG.

Khanzada, M.A., Lodhi, A.M. and Shahzad, S. 2005.
Chemical control of Lasiodiplodia theobromae, the
causal agent of mango decline in Sindh. Pakistanian
Journal of Botany, 37(4): 1023-1030.

Khanzada, M.A., Lodhi, A. M., Rajput, A.Q., Syed, R. N.
and Shahzad, S., 2015.Response of different mango
cultivars to mango decline pathogen, Lasiodiplodia
theobromae pat. International Journal of Biology and
Biotechnology 12 (4): 643-647.

Kiran, B., Lalitha, V. and Raveesha, K.A. 2010. Screening
of seven medicinal plants for antifungal activity against
seed borne fungi of maize seeds. African Journal of
Basic and Applied Sciences, 2 (3 and 4): 99-103.

Kucuk, C. and Kivanc, M. 2004. In vitro antifungal activity
of strains of Trichoderma harzianum. Turk. J. Biol., 28:
111-115.

Mahmood, A., Saleem, A. and Akhtar, K.M. 2002. Mango
decline in Pakistan and its management. Pak. J.
Phytopathol., 14: 40-43.

Masood, A., Saeed, S., Malik, M.T., Naeem, 1., Kazmi,
M.R., 2010. Methodology for the

Evaluation of symptoms severity of Mango Sudden Death
Syndrome in Pakistan. Pakistan Journal of Botany 42,
1289-1299.

Mukhopadhyay, A.N. and Kaur N.P. (1990). Biological
control of chickpea wilt complex by 7. harzianum
Abstract Proceedings of Third International Conference
on Plant Protection in the Tropics, Malaysia, pp. 203.

Munirah, M.S., Azmi, A.R., Yong, S.Y.C and Nur, A.,
Izzati, M.Z., 2017. Characterization ofLasiodiplodia
theobromae and L. pseudotheobromae causing fruit rot
on pre-harvest mango in Malaysia Plant Pathology &
Quarantine 7 (2): 202-213 (2017).

Naqvi, A.H.S. and Perveen, R. 2015. Mango quick decline
manifestation on various cultivars

at plants of particular age in the Vacinity of district
Multan.Pak. J. Phytopathol.27(1), 31-39.

Nur, F. A., Munirah, M.S., Sharifah, S. Maryam S.A.R.,
Najihah, A. and Nur, A. and Izzati, M.Z., 2018.
Efficacy of Allium sativum extract as post-harvest
treatment of fruit rot of mango Plant Pathology &
Quarantine 8(2): 144152 (2018).

Okigbo, RN. and Osuinde, M.I., 2003. Fungal leaf spot
diseases of mango (Mangifera indica L.) in



International Journal of Current Advanced Research Vol 9, Issue 07(B), pp 22796-22806, July 2020

Southeastern Nigeria and biological control with
Bacillus subtilis. Plant Protection Science 39, 70-717.
Onyewu, C., Blankenship, J.R., Del, P.M.and Heitman, J.
2003. Ergosterol biosynthesis inhibitors become
fungicidal when combined with calcineurin inhibitors

against  Candidaalbicans,  Candidaglabrata, and
Candidakrusei. Antimicrob. Agents Chemother. 47:
956-964.

Pan, S. and Bhagat, S. 2008. Characterization of

Trichoderma species from West Bengal. J. Biol
Control, 22: 43-49.

Parkash, O. and Raoof, M.A. 1989. Dieback disease of
mango (Mangifera indica L), its
distribution, incidence, cause and management.
Fitopathologia Brasiliensis, 14: 207-215.

PIP., 2013. Itinéraire technique mangue (mangifera indica).
P88.

Ploetz, R.C., David, B., and Schaffer, B., 1996.A re-
examination of mango decline in Florida.Plant Disease,
80(6): 664-668.

Ploetz, R.C., 2003. Diseases of mango. In: Ploetz R.C.
Diseases of tropical fruit crops. Ploetz R.C (Ed.).
American Phytopathological Society. (pp. 327-363).

Pramila, R., Padmavathy, K., Ramesh, K.V., Mahalakshmi,
K., 2012. Brevibacillus parabrevis, Acinetobacter
baumannii and Pseudomonas citronellolis-Potential
candidates for biodegradation of low density
polyethylene (LDPE).African Journal of. Bacteriology
Research. Abbreviation. 4(1):9-14.

Rahee, B., Bireswar S. Ph., Sobita D., Roseline, S., Dinesh,
K. and Tusi, C. 2018. In vitro Studies on Efficacy of
Some Plant Extracts and Biocontrol Agents against
Lasiodiplodia  theobromae  and  Lasiodiplodia
pseudotheobromae Int.J.Curr.Microbiol. App.Sci (2018)
7(7): 448-457.

Roberts, T.R. and Hutson D.H. (1999) Metabolic pathways
of agrochemicals. Part 2. Insecticides and fungicides.
Cornwall, UK: The Royal Society of Chemistry.

Rodriguez-Gélvez, E., Guerrero, P., Barradas, C.; Crous,
P.W.; Alves A., 2017. Phylogeny and pathogenicity of
Lasiodiplodia species associated with dieback of
mango in Peru. Fungal Biol. 121, 452-465.

Saeed, E.E., Sham, A., Ayah.A., Khawla, A.A., Tahra,S.A.,
Rabah,I., Khaled.E., AbuQamar S.F., 2017. Detection
and Management of Mango Dieback Disease in the
United Arab Emirates. Int. J. Mol. Sci.18(10), 2086.

Sahi, S.T., Habib, A., Ghazanfar, M. U. and Badar A. 2012 .
In vitro evaluation of different fungicides and plant
extracts against Botryodiplodia theobomae, the causal
agent of quick decline of mango. Pakistan Journal of
Phytopathology, vol. 24 (2): 137-142.

Sharma, I. M. and Gupta, V. K. 1994. Evaluation of different
fungicides on Botryodiplodia theobromae Pat. causal
organism of canker and dieback of mango. Indian
Journal of Mycology and Plant Pathology, 24: 146-
147.

Sutton, T. B., 1980. Production and dispersal of ascospores
and conidia of Phsalospora obtusa and Botryosphaeria
dothidea in apple orchards Phytopathology, 71:584-
589.

Syed,A.H.N., Rashida, P., Tariq, M.M., Owais, Malik.,
Ummad ud Din Umer., Sajid Wazeer.M., Ateeq, ur R.,
Taha M., Zaighum A., 2014. Characterization of
symptoms severity on various mango cultivars to quick
decline of mango in district Multan. /nt. J. Biosci. | IJB
|4 (11), 157-163.

Syed, R.N., Nobel M., Muhammad A., Khaskheli, M. A.,
Khanzada, A. and Lodhi,M.,2014. Chemical control of
stem end rot of mango caused by Lasiodiplodia
theobromae Pak. J. Phytopathol., Vol. 26 (02) 2014.
201-206.

Tedihou, E., Kpemoua, K. & Tounou, A., 2018.
Dépérissement des manguiers et citrus dans la region
central du Togo et methods de lutes par des
fongicides.J. App.Biosci; 11829-11838.

Uribe, S., Ramirez, J. and Pena, A., 1985. Effet of a-pinen
on Yeast membrane functions. Journal of Bacteriology
vol. 161, n° 3 pp. 1195-11200.

Xu, C., Zhang, H., Chi, F., Ji, Z., Dong, Q., Cao, K. and
Zhou, Z. (2015). Species-specific PCR based assays for
identification and detection of Botryosphaeriaceae
species causing stem blight on blueberry in China.
Journal of  Integrative Agriculture, Doi:
10.1016/S2095-3119 (15)61177-7.

How to cite this article:

Ouamarou Z. Dianda et a/ (2020) 'Classical Uses of Haridra (Curcuma Longa)', International Journal of Current Advanced
Research, 09(07), pp. 22796-22806. DOI: http://dx.doi.org/10.24327/ijcar.2020. 22806.4507

skeosk skeosk skok ok

22806



