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Abstract     Mango (Mangifera indica  L.) commonly

called as King of fruits is the most important fruit

crop in India. Among the various diseases anthra-

cnose, caused by Colletotrichum gloeosporioides

(Penz.) Penz and Sacc. is the major constraint on ex-

tension of export of mango. Therefore affords were

made to screen the different systemic and combina-

tion of six fungicides, were screened in vitro. Among

systemic fungicides, propiconazole 25%  EC was suc-

cessful in completely (100%) inhibiting the growth of

C. gloeosporioides at all four concentrations (0.025,

0.05, 0.1 and 0.15%). Thiophanate methyl 70% WP

and tebuconazole 25% EC gave 100%  mycelial inhi-

bition at three (0.05, 0.10 and 0.15%) concentrations

and combination of fungicides carbendazim 12% WP+

mancozeb 63% WP was found the most effective and

gave cent per cent growth inhibition at all four con-

centrations (0.05, 0.1, 0.2 and 0.3%). Among the
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biocontrol agents, Trichoderma  viride (Tv-2)  and

Trichoderma  viride (Tv-1) gave maximum inhibition

of mycelial growth (78.22%) and (75.92%) of C.

gloeosporioides respectively.
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Introduction

Mango (Mangifera  indica L.) is one of the most

popular seasonal fruit found mainly in the tropical

and subtropical countries. It is widely grown in dif-

ferent countries of the world and is attacked by a

number of diseases of which anthracnose is one of

the most common especially in India.Anthracnose

caused by C. gloeosporioides is reported on a wide

variety of crop, including almond, avocado, apple,

arabica coffee, guava, mango, dragon fruit, cassava,

sorghum and strawberry [1]. However, huge losses

of the crop are incurred mostly by fungal diseases of

which anthracnose caused by the fungus C.

gloeosporioides which develops under humid and

warm conditions is the most important pre and post-

harvest pathogen. In India, losses in the field due to

this disease have been estimated to be 2– 39%. Con-

sidering seriousness of the disease, the present stud-
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ies were undertaken to test the efficacy of different

fungicides and bioagents in vitro against C.

gloeosporioides  causing anthracnose of mango.

Materials and Methods

Pathogen isolation and identification

The pathogen was isolated from the mango leaves

showing typical anthracnose symptoms by tissue

segment method on potato dextrose agar medium

(PDA). Small bits measuring about 3mm size were cut

off from the leaves showing lesions in such a way

that it contained both infected and healthy portions

and these bits were surface sterilized in 0.1% mercu-

ric chloride (HgCl
2
) for 30 seconds followed by three

washings in sterile distilled water. The bits were fur-

ther transferred to sterile discs of blotting paper. The

dried bits were subsequently transferred to potato

dextrose agar (PDA) medium under aseptic conditions.

The petri-plates were incubated at 27±1°C for seven

days for the growth of the fungus. The developed

fungal colonies were purified by single spore isola-

tion method. The pathogen was identified as

Colletotrichum  gloeosporioides  Penz., based on its

mycelial and conidial characteristics [2] and  main-

tained on PDA slants under controlled temperature.

In vitro evaluation of fungicides

The efficacy of eight systemic fungicides viz.,

Azoxystrobin, carbendazim, hexaconazole,  propicona-

zole, tebuconazole, thiophenate methyl, thipluzamide

and triadimefon (at the concentration of 0.025, 0.05,

0.1 and 0.15%) six combi products viz., Nativo, Merger,

Saaf, Taqat, Avatar, Quintal and one contact fungi-

cide chlorothalonil (at the concentrations of 0.5, 0.1,

0.2 and 0.3%) were assayed against C. gloeosporioi-

des. These fungicides were evaluated under labora-

tory  conditions by Poison   food technique. The  pla-

tes  were incubated at room temperature and the ra-

dial  growth was measured  when fungus attained

maximum growth in control  plates. The efficacy of

the fungicides was expressed as per cent inhibition

Table 1.  In vitro evaluation of systemic fungicides against C. gloeosporioides of mango. *Figures in parentheses indicate

angular transformed value.

Per cent inhibition

Concentration (%)

Sl. Trade

No. Fungicides names 0.025 0.05 0.1 0.15 Mean

1 Thipluzamide Pulsar 00.00 00.00 39.63 41.57 20.30

24% SC (0.00)* (0.00) (38.99) (40.13)  (26.77)

2 Azoxystrobin Amistar 46.29 48.33 100.00 100.00 73.65

23% SC (42.85) (89.96) (89.96) (89.96) (59.09)

3 Thiophenate me- Topsin-M 79.81 100.00 100.00 100.00 94.95

thyl 70% WP (63.27) (89.96) (89.96) (89.96) (76.98)

4 Hexaconazole 5% Contaf 76.94 78.33 83.61 85.00 80.97

EC (61.28) (62.23) (66.09) (67.19) (64.11)

5 Propiconazole Tilt 100.00 100.00 100.00 100.00 100.00

25%  EC (89.96) (89.96) (89.96) (89.96) (89.96)

6 Triadimefon Bayleton 66.94 74.91 77.03 86.20 76.27

25% WP (54.88) (59.91) (61.33) (68.16) (60.82)

7 Tebuconazole Folicure 83.89 100.00 100.00 100.00 95.97

25%  EC (66.30) (89.96) (89.96) (89.96) (78.39)

8 Carbendazim Bavistin 76.30 85.46 100.00 100.00 90.44

50% WP (60.84) (67.55) (89.96) (89.96) (71.96)

Mean 66.27 73.38 75.03 76.57 72.82

(54.47) (58.91) (59.99) (61.02) (58.55)

Concentra-

Fungicides tion (C) F×C

SEm± 0.22 0.16 0.45

CD at 1% 0.61 0.43 1.21
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of mycelial growth over control, calculated by using

the formula, I = (C–T) / C × 100 Where, I = Per cent

inhibition of mycelium, C = Growth of mycelium in

control and T= Growth of mycelium in treatment.

In vitro evaluation of bioagents

In vitro evaluation  was carried out with eight

bioagents viz., Trichoderma viride (Tv-1), T. viride

(Tv-2), T. harzianum (Th-1), T. harzianum, Pseudomo-

nas fluorescens-RP-31, P. fluorescens-RP-46, Bacil-

lus subtilis (Bs-1) and B. subtilis (NES-1)  (Biocontrol

Lab UAS, Raichur, Karnataka) by dual culture tech-

nique for their antagonistic effect against C.

gloeosporioides. Three replications were maintained

for each treatment. The petri plates were incubated at

27±1°C till the growth of colony touches the periph-

ery in the control plate. Colony diameter of both the

test fungus and bioagents were measured and per

cent inhibition was calculated. Data were analyzed

statistically by using completely randomized design

(CRD).

Results and Discussion

The data from the present study revealed that there

was significant difference among the systemic fungi-

cides in inhibiting the growth of C. gloeosporioides.

Propiconazole 25% EC was successful in completely

(100%) inhibiting the growth of C. gloeosporioides

at all the four concentrations (0.025, 0.05, 0.1 and 0.15%)

tested. Thiophanate methyl 70% WP and tebuconazole

25% EC gave 100% mycelial inhibition at three (0.05,

0.10 and 0.15%) concentrations, while the azoxystrobin

23% SC and carbendazim 50% WP also showed 100%

inhibition at 0.10 and 0.15% followed by triadimefon

Table 2.  In vitro evaluation of combi and contact fungicides against C. gloeosporioides of mango. *Figures in parentheses

indicate angular transformed values.

Per cent inhibition

Concentration (%)

Sl. Fungicides Trade

No. Common name names 0.05 0.1 0.2 0.3 Mean

1 Trifloxystrobin 81.76 100.00 100.00 100.00 95.44

25% +Tebucona- Native (64.69)* (89.96) (89.96) (89.96)  (77.64)

zole 50% 75 WP

2 Tricyclozole 18%+ Merger 35.46 100.00 100.00 100.00 83.86

Mancozeb 62% (36.53) (89.96) (89.96) (89.96) (66.28)

80 WP

3 Carbendazim 12%+ Saaf 100.00 100.00 100.00 100.00 100.00

Mancozeb 63% 75 WP (89.96) (89.96) (89.96) (89.96) (89.96)

4 Capton 70%+

Hexaconazole 5% Taqat 77.59 100.00 100.00 100.00 94.39

75 WP (61.72) (89.96) (89.96) (89.96) (76.27)

5 Zineb 68%+Hexa- Avatar 64.35 79.91 80.00 80.28 76.13

conazole 4% 72 WP (53.32) (63.34) (63.41) (63.61) (60.73)

6 Iprodione 25% + Quintal 65.46 100.00 100.00 100.00 91.36

Carbendazim 25% (53.98) (89.96) (89.96) (89.96) (72.88)

50 WP

7 Chlorothalonil Kavach 51.02 52.13 54.16 57.31 53.65

75 WP (45.57) (46.20) (47.38) (49.18) (47.07)

Mean 67.95 90.29 90.59 91.08 84.97

(55.49) (71.81) (72.11) (72.59) (67.16)

Concentra-

Fungicides  (F) tion (C) F×C

SEm± 0.23 0.17 0.47

CD at 1% 0.63 0.48 1.26
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Table 3.  In vitro evaluation of bio-agents against C.

gloeosporioides. *Figures in parentheses indicate angular trans-

formed values.

Sl. Per cent

No. Bioagents inhibition

1 Trichoderma viride

(Tv-1) 75.92 (60.59))*

2 Trichoderma viride

(Tv-2) 78.22 (62.36)

3 Trichoderma harzianum

(Th-1) 48.27 (44.03)

4 Trichoderma harzianum

(Th-2) 51.00 (45.59)

5 Pseudomonas fluores-

cens (RP-46) 61.11 (51.40)

6 Pseudomonas fluores-

cens (RP-31) 65.28 (53.87)

7 Bacillus subtilis (Bs-1) 63.89 (53.04)

8 Bacillus subtilis (NES) 53.05 (46.73)

SEm± 0.26

CD at 1% 1.09

25% WP (86.20%) and hexaconazole 5% EC (85.00%)

inhibition and least inhibition of mycelial growth was

observed in thipluzamide 24% SC (41.57%) at 0.15%

concentration (Table 1). The effectiveness of the

triazoles fungicides may be attributed to their inter-

ference with the biosynthesis of fungal sterols and

inhibition of ergosterol biosynthesis. In many fungi,

ergosterol is essential to the structure of cell wall and

its absence cause irreparable damage to cell wall lead-

ing to death of fungal cell. These results are in agree-

ment with [3] who evaluated of systemic fungicides

in vitro against C. gloeosporioides causing anthra-

cnose disease of coffee and  found that propiconazole

25 EC was found most effective and inhibited cent

per cent colony growth of C. gloeosporioides at 100

ppm concentration.

Evaluation of combi products

and contact fungicides

Out of six combi products  viz., Saaf (Carbendazim

12% + Mancozeb 63% WP) successful in completely

(100%) in inhibiting the growth of C. gloeosporioides

at all the four concentrations (0.05, 0.1, 0.2 and 0.3%)

tested. Similarly 100% inhibition was observed in case

of Nativo (Trifloxystrobin 25% + Tebuconazole 50%

WP), Merger (Tricyclozole 18% +Mancozeb 62%

WP), Taqat (Captan 70% + Hexaconazole 5% WP)

and Quintal (Iprodione 25% + Carbendazim 25% WP)

at three (0.1, 0.2 and 0.3%) concentrations. Least inhi-

bition of mycelial growth was observed in

chlorothalonil 75% WP (57.31%) at 0.15% concentra-

tion (Table 2). These results are in agreement with [4]

who reported that carbendazim 12% + Mancozeb 63%

WP successful was successful in completely (100%)

inhibiting the growth of C. gloeosporioides at  all

three concentrations (0.02%, 0.05% and 0.1%). The

effectiveness of carbendazim against fungi could be

due to the inhibition  of biosynthesis process and

synthesis of DNA of the fungus.

Evaluation of bioagents

At 7 days inoculation of C. gloeosporioides, it was

noticed that maximum reduction in colony growth was

observed in T. viride (Tv-2)  (78.22%) which was sig-

nificantly superior over all the bioagents tested. Next

best in inhibiting the mycelia  growth of fungus was

T. viride (Tv-1)  (75.92%). Least mycelial growth inhi-

bition was observed in T. harzianum (Th-1) with

48.27% followed by T. harzianum (Th-2) isolate with

51.00%  (Table 3). These results are in accordance

with [5] who evaluated antagonists against C.

gloeosporioides in vitro. He concluded that Tricho-

derma viride was most effective antagonist against

C. gloeosporioides. Similarly, [6] showed that, T.

viride gave maximum inhibition of mycelial growth

(79.12%) of C. gloeosporioides. In the present study

also T. viride was found effective in inhibiting the

growth of C. gloeosporioides. The antagonistic ac-

tivity of the fungus may be due to toxin  production

trichodermin by the fungus and fast growing ability

which  retards the activation of the pathogen. Tricho-

derma are well known for  production of chitinase

enzymes which degrade cell wall content of higher

fungi [7].

The present study revealed that propiconazole

25% EC and carbendazim 12% WP+mancozeb 63%

WP was successful in completely (100%) inhibiting

the growth of C. gloeosporioides at all four concen-

trations tested. Among the bioagents, Trichoderma

viride (Tv-2) and Trichoderma viride (Tv-1) gave maxi-

mum inhibition of mycelial growth (78.22%) and

(75.92%) of C. gloeosporioides respectively. Thus

the study indicated that suitable integration of more
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efficient eco-friendly treatments like bio-agents and

botanicals with lesser use of fungicides may provide

a better management of the disease.


