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Abstract

Mango dieback caused by Lasiodiplodia theobromae is a grave disease affecting the fruit quality and quantity. Numerous
disease management options are available nowadays, with chemical control being the most efficient option while
biopesticides present the most environment-friendly alternative in controlling various crop diseases. With this objective,
chemical and biological control of Lasiodiplodia theobromae was assessed in the present study using the three most
virulent isolates of the pathogen collected from three different mango varieties and three different districts of Kerala.
The in vitro evaluation of fungicides revealed that the fungicides viz., hexaconazole, azoxystrobin, Bordeaux mixture and
carbendazim + mancozeb showed 100 per cent inhibition of the virulent pathogen isolates, while difenoconazole had
inhibition in the range of 96.10-100 per cent, copper hydroxide in the range 68.14-88.88 per cent and propineb in the
range 33.88-79.25 per cent. Among the biocontrol agents, Trichoderma asperellum and plant growth promoting
microorganisms caused inhibition in the range 41.88-51.33 per cent and 14.82-48.66 per cent respectively against three
virulent isolates of the pathogen while Pseudomonas fluorescens had zero per cent inhibition.
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India takes the top position in production of mango
(2,62,99,000 T) but not in productivity (9,726 kg/ha) [1]. This
might be due to major biotic and abiotic production constraints
affecting the mango ecosystem. Major abiotic constraints
affecting mango production include unseasonal rains during
flowering, heat stress, poor soil drainage, deficiency of
nutrients, drought, salinity issues, natural disasters etc. Major
biotic constraints include pests like mango hopper, fruit flies,
mealy bugs, stem borers etc.; diseases like dieback, powdery
mildew, anthracnose, malformation, bacterial canker etc.;
weeds and nematodes like root-knot nematode. Addressing
these constraints is essential for ensuring optimal mango yield
in mango orchards worldwide. Fungicide intervention could be
used as a viable option for mitigating different diseases
affecting mango.

Among the diseases affecting mango, dieback is the most
serious threat in all mango producing regions. Mango dieback
arises from the infection of the fungus Lasiodiplodia
theobromae. The fungus Lasiodiplodia theobromae (Pat.)
Griffon and Maubl. is placed within the Ascomycetes, in the
order Botryosphaeriales and family Botryosphaeriaceae.
Organisms of this family may either attack a wide variety of
host plants or thrive as saprophytes or endophytes in seeds and
other living cells [2]. It is regarded as plurivorous,
cosmopolitan, polyphagous and opportunistic pathogen
infesting about 500 hosts [3]. Mango dieback can be

distinguished by the presence of necrotic leaves, dark
discolouration on stem, vascular discolouration, gummaosis,
bark splitting etc. During initial stages of disease development
necrotic leaves can be seen, failure to manage the disease in the
initial stages could spread the disease to other parts of the tree;
potentially causing death of the whole tree. The disease is
known to occur in various regions globally, often in severe
form. Such significant losses are caused by mango dieback
which can be curbed only by the judicious use of fungicides.
The use of fungicides for disease control dates back to
late 1807s and fungicides assumes the primary means of disease
control in every crop ecosystem. The fungicides offered great
control of the diseases, which leads to an uncontrollable
dependency of farmers on fungicides. For some
phytopathogens for which host resistance is not known till now
such as polycyclic oomycetes, fungicides remain as the
exclusive strategy for disease control. Fungicides remain to be
a common preference among peasants nowadays due to their
faster action. The use of fungicides has its own shortcomings.
While looking into different aspects of resistance development,
environmental consequences, health and biodiversity impact
etc., an alternative for chemical fungicides is the need of the
decade. In this context, biopesticides emerge as an effective
option in mitigating phytopathogens. Different biocontrol
agents have been used by farmers in controlling a wide variety
of crop diseases worldwide. Thus, this research was formulated
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in assessing the efficiency of different fungicides and biocontrol
agents against the virulent isolates of Lasiodiplodia theobromae
responsible for dieback in mango.

MATERIALS AND METHODS

Three isolates of Lasiodiplodia theobromae having
higher virulence were chosen from a total of 37 Lasiodiplodia
theobromae isolates causing dieback in mango collected from
Kerala. These three isolates were collected from three different
mango cultivars and three different districts of Kerala. The three
virulent isolates selected were designated as I3 1sand Is. Isolate
I; was collected from Mallika mango cultivar from the location
Mankomb of Wayanad district; 1. was collected from
Banganapally mango variety from Padanakkad of Kasargod
district while 1s from Bennet Alphonso variety from
Kumarakom of Kottayam district.
Evaluation of fungicides against virulent isolates of
Lasiodiplodia theobromae

Poisoned food technique [4] was used for studying
efficacy of different fungicides on the virulent isolates of
Lasiodiplodia theobromae. Into a conical flask containing 100
mL of molten PDA (Potato Dextrose Agar), requisite amount of
fungicides was added, mixed well, and poured to the Petri plate.
A 5 mm mycelial disc of 10-day old culture of the isolate was
placed at the centre of the Petri plate. A control was also
maintained. The experiment was done in Completely
Randomized block Design (CRD) having eight treatments and
three replications. Different fungicides evaluated in vitro are
represented in (Table 1).

Per cent inhibition (PI) was calculated as per the formula
given by Vincent [5].

Per cent inhibition = % x 100
Where; C denotes radial growth of control plates, while T
denotes radial growth of treated plates

Table 1 Fungicides used for in vitro evaluation along with

their doses
Treatment Fungicides Dosage
T1 Copper hydroxide (77 WP) 0.2%
T Hexaconazole (5 SC) 0.2%
T3 Propineb (70 WP) 0.2%
T4 Difenoconazole (25 EC) 0.1%
Ts Carbendazim (12 WP) + Mancozeb (64 0.2%
WP)

Te Azoxystrobin (23 SC) 0.1%
T7 Bordeaux mixture 1%
Ts Control

Evaluation of biocontrol agents against virulent isolates of
Lasiodiplodia theobromae

Different biopesticides evaluated against the three
virulent isolates of Lasiodiplodia theobromae were
Trichoderma  asperellum  (KAU reference  culture),
Pseudomonas fluorescens (KAU reference culture PN026) and
PGPM (Kerala Agricultural University). PGPM (Plant growth
promoting microorganisms) is a consortium of Trichoderma
viridae, Trichoderma harzianum, Bacillus megaterium and
Pseudomonas fluorescens. Dual culture technique [6] was used
for in vitro evaluation of Trichoderma asperellum and
Pseudomonas fluorescens against the virulent isolates of the
pathogen while poisoned food technique [4] was used for in
vitro evaluation of PGPM. Completely Randomized block
Design (CRD) was followed with three treatments and five
replications.

Inhibitory effect of Trchoderma asperellum was
assessed by placing 7 mm sized mycelial disc of test isolate 2
cm away from the edges of Petri dish containing PDA medium.
A 7 mm sized mycelial bit of Trichoderma asperellum was
placed at the opposite end, 2 cm away from the edges of the
Petri dish. The efficacy of Pseudomonas fluorescens was
evaluated by placing 7 mm mycelial disc of isolate on centre of
Petri plate containing PDA media. The bacterial antagonist was
streaked 2 cm away from both edges of Petri plate. The
sensitivity of different isolates of the fungus to PGPM was
assessed by mixing 2 g of PGPM with 100 mL of molten PDA.
This was poured into Petri plate, allowed to solidify and a 5 mm
mycelial disc was kept on centre of Petri dish. Five replications
and a control were kept for all the three biocontrol agents. Per
cent inhibition was calculated for all three antagonists.

RESULTS AND DISCUSSION

Efficacy of different fungicides against different isolates of the
pathogen

Among the different fungicides tested, hexaconazole,
azoxystrobin, difenoconazole, Bordeaux mixture and
carbendazim + mancozeb showed 100% inhibition against
isolates, Isand Is. Considering the efficacy against isolate ls,
hexaconazole, azoxystrobin, Bordeaux mixture, and
carbendazim + mancozeb showed cent per cent inhibition of
mycelial growth over the control. The fungicide difenoconazole
showed 96.10 per cent inhibition as compared to untreated
control to the isolate ls. Results of efficacy of different
fungicides have been represented in (Table 2, Fig 1-3). Rao et
al. [7] conducted in vitro screening of different fungicides
effective against Lasiodiplodia theobromae infecting coconut
and observed that the fungicide hexaconazole completely
arrested the growth of the fungal pathogen. Talaviya et al. [8]
also reported that mango dieback caused by Lasiodiplodia
theobromae was successfully suppressed by hexaconazole at
100-1000 ppm in vitro. Bordeaux mixture at one per cent
showed 100 per cent mycelial inhibition of Lasiodiplodia
theobromae infecting anthurium [9] and of Botryodiplodia
theobromae infecting mango [10]. Bhure et al. [11] and Nath et
al. [12] also reported cent per cent inhibition of radial growth
of Lasiodiplodia theobromae by the combi product
carbendazim + mancozeb in jackfruit and banana respectively.
Rafi [9] also noted that difenoconazole at 0.05-0.15 per cent had
complete inhibitory action on Lasiodiplodia theobromae
infecting anthurium.

Mycelial inhibition of 33.88, 79.25 and 74.62 per cent
was shown by propineb against the isolates Is, I+ and Is
respectively whereas copper hydroxide showed 81.94, 68.14
and 88.88 per cent mycelial inhibition respectively. Hossain et
al. [13] in their studies involving Lasiodiplodia theobromae
causing gummosis and sudden decline in mango noted that
propineb (66.08%) was least effective among eight fungicides
tested and copper hydroxide showed only 86.36 per cent
inhibition against the pathogen. Amrutha and Vijayaraghavan
[14] in their studies on crown rot of strawberry caused by
Lasiodiplodia theobromae reported that propineb at different
concentrations recorded per cent inhibition in the range 55.55-
69.44. Similarly, Baloch et al. [15] while studying on
Botryodiplodia theobromae infecting guava found that antracol
was moderately effective against the pathogen. Chinnuswamy
and Saralemma [16] noted that copper hydroxide at 0.05-0.25%
showed inhibition in the range 63-72.6 per cent against
Botryodiplodia theobromae infecting mango. The treatments
hexaconazole, difenoconazole, carbendazim + mancozeb,
azoxystrobin and Bordeaux mixture were found on par for



isolate Izand Is. These five treatments were found significantly
different from copper hydroxide, propineb and control for
isolate Iz and Is. The treatments hexaconazole, difenoconazole,
carbendazim + mancozeb, azoxystrobin and Bordeaux mixture
were found on par for isolate Is. Copper hydroxide and propineb
were also found on par for isolate 14 The treatments
hexaconazole, difenoconazole, carbendazim + mancozeb,
azoxystrobin and Bordeaux mixture; copper hydroxide and
propineb, and control were found significantly different for
isolate L.

In the present study, systemic fungicides were found to
be more effective than contact fungicides in suppressing the

pathogen. Shahbaz et al. [17] while assessing effectiveness of
different fungicides noted that systemic fungicides (thiophanate
methyl, carbendazim) produced cent per cent sensitivity, while
contact fungicides (captan, copper oxychloride) produced
inhibition of less than 35 per cent only. Honger et al. [18]
studied efficacy of different fungicides against Lasiodiplodia
theobromae causing stem end rot in mango and noticed that all
systemic fungicides produced 100 per cent inhibition; one
contact fungicide 100 per cent; two contact fungicides
(Funguran and Kocide) zero per cent and remaining one contact
fungicide produced inhibition less than 12 per cent on the 3"
day.

Table 2 Efficacy of different fungicides against different isolates of the pathogen Lasiodiplodia theobromae

Concentration

Per cent inhibition (%)

Treatments

(%) I3 ls I5
T,: Copper hydroxide 0.2 81.94 (65.03)" 68.14(55.64)° 88.88(70.61)°
T.: Hexaconazole 0.2 100.00(89.04)? 100.00(89.04)? 100.00(89.04)?
Ts: Propineb 0.2 33.88(35.58)° 79.25(63.25)° 74.62(60.01)°
T.: Difenoconazole 0.1 100.00(89.04)? 96.10(82.69)? 100.00(89.04)?
Ts: Carbendazim 12% + Mancozeb 63% 0.2 100.00(89.04)2 100.00(89.04)2 100.00(89.04)2
Te: Azoxystrobin 0.2 100.00(89.04)? 100.00(89.04)? 100.00(89.04)?
T+: Bordeaux mixture 1.0 100.00(89.04)? 100.00(89.04)? 100.00(89.04)2
Ts: Control 0.00 (0.95)4 0.00(0.95)¢ 0.00 (0.95)¢
CV% 2.32 6.55 3.40
CD (0.05%) 2.74 7.87 4.24

Mean of three replications. In each column figure followed by same letter do not differ significantly according to DMRT.
Values in parenthesis are angular transformed values

Carbendazim + Mancozeb Azoxystrobin

Bordeaux mixture

Fig 1 Efficacy of different fungicides to isolate I3

Carbendazim + Mancozeb

Azoxystrobin

Bordeaux mixture

Fig 2 Efficacy of different fungicides to isolate l4

Efficacy of different biocontrol agents against different isolates
of the pathogen

Per cent inhibition of 45.24, 51.33 and 41.88 was shown
by the biocontrol agent Trichoderma asperellum against
different isolates of Lasiodiplodia theobromae viz. I3 lsand Is
respectively Plant growth promoting microorganisms showed
28.77, 14.82 and 48.66 inhibition against I3 14 and Is

respectively while Pseudomonas fluorescens had no inhibitory
effect on three isolates of the pathogen. Results of efficacy of
different fungicides have been represented in (Table 3, Fig 4-
6). These three different biocontrol agents were found
significantly different from each other for each isolate. Boat et
al. [19] reported that different strains of Trichoderma
asperellum caused mycelial inhibition of Lasiodiplodia



theobromae causing papaya stem end rot in the range 49.3-75.4  inhibition of Lasiodiplodia theobromae causing crown rot in
per cent. Thangavelu et al. [20] observed that different species ~ banana. Chandran [21] noted that the bacterial antagonist,
of Trichoderma viz., T. viride, T. pseudokoningii, T. hamatum, Pseudomonas fluorescens had no antagonistic activity on
T. koningii, T. reesei, T. virens, T. harzianum caused mycelial Lasiodiplodia theobromae causing crown rot of banana.

Propineb Difenoconazole

Azoxystrobin Bordeaux mixture

Fig 3 Efficacy of different fungicides to isolate Is

Trichodema asperellum Pseudomonas flourescens Plant growth promoting microorganisms

Fig 4 Efficacy of different biocontrol agents to isolate I3

Trichodema asperellum Pseudomonas flourescens Plant growth promoting microorganisms

Fig 5 Efficacy of different biocontrol agents to isolate l4

Trichodema asperellum Pseudomonas flourescens Plant growth promoting microorganisms

Fig 5 Efficacy of different biocontrol agents to isolate Ig

Table 3 Efficacy of different biocontrol agents against most virulent isolates of the pathogen Lasiodiplodia theobromae
Per cent inhibition (%)

N56 Treatments s » e
1. Trichoderma asperellum 45.24 (42.26)? 51.33 (22.62)° 41.88 (40.22)*
2. Pseudomonas fluorescens 0.00 (0.95)° 0.00 (0.95)° 0.00 (0.95)°
3. Plant growth promoting microorganisms 28.77 (32.20)° 14.82 (45.76)? 48.66 (44.23)*
4.  Control 0.00 (0.95)¢ 0.00 (0.95)¢ 0.00 (0.95)°
CV % 15.94 5.15 15.08
CD (0.05%) 4.08 1.30 4.36

Mean of five replications. In each column figure followed by same letter do not differ significantly according to DMRT.
Values in parenthesis are angular transformed values



CONCLUSION mycelial growth of the pathogen. Among the fungicides,
hexaconazole, azoxystrobin, Bordeaux mixture, and the
The assessment study of different fungicides and  combination fungicide carbendazim + mancozeb were found

biocontrol agents against the pathogen, Lasiodiplodia  most effective. Among the biological antagonists, Trichoderma
theobromae revealed that the synthetic fungicides were most  asperellum was found highly effective against the pathogen.
effective compared to biological antagonists in deterring the
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