“COMPARATIVE PERFORMANCE OF FUNGICIDES WITH
BIOAGENTS FOR MANAGEMENT OF ANTHRACNOSE
DISEASE OF MANGO”’

THESIS

Submitted in partial fulfilment of the requirements
for the Degree of

MASTER OF SCIENCE
IN
AGRICULTURE

(PLANT PATHOLOGY)

By

Miss. ADSUL POOJA RAMESH
(ADPM/21/2807)

DEPARTMENT OF PLANT PATHOLOGY,
COLLEGE OF AGRICULTURE, DAPOLI

DR. BALASAHEB SAWANT KONKAN KRISHI
VIDYAPEETH, DAPOLI, RATNAGIRI (M.S.) 415 712

NOVEMBER, 2023



“COMPARATIVE PERFORMANCE OF FUNGICIDES WITH
BIOAGENTS FOR MANAGEMENT OF ANTHRACNOSE
DISEASE OF MANGO”

THESIS

Submitted in partial fulfilment of the requirements
for the Degree of

MASTER OF SCIENCE
IN
AGRICULTURE

(PLANT PATHOLOGY)

By
Miss. ADSUL POOJA RAMESH

Under the Guidance of

Dr.R. R. RATHOD
Assistant Professor,
Department of Plant Pathology,
College of Agriculture, Dapoli,
Dist. Ratnagiri

DEPARTMENT OF PLANT PATHOLOGY,
COLLEGE OF AGRICULTURE, DAPOLI
DR. BALASAHEB SAWANT KONKAN KRISHI
VIDYAPEETH, DAPOLI, RATNAGIRI (M.S.) 415712

NOVEMBER, 2023



DECLARATION OF STUDENT

I hereby declare that the experimental work and its interpretation of the Thesis entitled

"Comparative Performance of Fungicides with Bioagents for Management of
Anthracnose Disease of Mango" or part thereof has neither been submitted for any other
degree or diploma of any University, nor the data have been derived from any
thesis/publication of any University or scientific organization. The source of materials used
and all assistance received during the course of investigation have been duly acknowledged

and that no part of the thesis has been submitted for any other degree or diploma.

Sk

Place: Dapoli (Adsul Pooja Ramesh)
Date: 15 /02/202 &4 Enrollment No. ADPM/21/2807

14




Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth

College of Agriculture, Dapoli
Dist. Ratnagiri, Maharashtra, 415712

Cell: 49 L R \
17773952307 Email: excusemerajaji@gmail.com

Dr. R. R. Rathod

Assistant Professor

Date:¥> /6 9/202.4%

Department of Plant Pathology,
College of Agriculture, Dapoli

Dist. Ratnagiri

CERTIFICATE -

This is to certify that the thesis entitled, “COMPARATIVE PERFORMANCE OF
FUNGICIDES WITH BIOAGENTS FOR MANAGEMENT OF ANTHRACNOSE
DISEASE OF MANGO?” submitted for the degree of M. Sc. (Agri.) in Plant Pathology of the
College of Agriculture, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, is a bonafide
research work carried out by Miss. Adsul Pooja Ramesh (ADPM/21/2807) under my
supervision and that no part of this thesis has been submitted for any other degree. The student
had completed all the Course and Research requirement as per the norms in regular mode and

submitted one research paper from his M.Sc. Work.

The assistance and help received during the course of investigation have been fully

acknowledged.
S 2—\ =\
I s32)1 2 &H S
Place: Dapoli Chairman
Date: 15 / 02 /20724y Student Advisory Committee

Countersigned by

Department of Plant Pathology



THESIS APPROVAL BY THE STUDENT'S ADVISORY COMMITTEE
INCLUDING EXTERNAL EXAMINER

This is to certify that the thesis entitled, SCOMPARATIVE PERFORMANCE OF

FUNGICIDES WITH BIOAGENTS FOR MANAGEMENT OF ANTHRACNOSE

DISEASE OF MANGO™ submitted by Miss, Adsul Pooja Ramesh (/\I)I'M/2|/2807) to the

College of Agriculture, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, 1n partial

fulfilment of the requirements for the degree of M. Sc. In the subject of plant Pathology, having

. . ~ . . ~ N . . . o [ .~y ¢ Yt Q
Principles of Plant Physiology, Breeding for biotic and A-biotic Stress resistance and Principles
B g . . . . ] . . ),
of Biotechnology as minor subjects of the Department of Agricultural Botany and Plant

Biotechnology has been approved by Student’s Advisory Committee, and Evaluated by onc

.f;.f External Examiner after an open Viva voce examination in the presence of External Examiner on
the same held on date 13/ 02/2024.
1. Chairman, SAC Dr. R.R. Rathod
Assistant Profcssor, ~
Department of Plant Pathology (Q ==\ o SE—
. ! | st2)22 14
College of Agriculture, Dapoli = )=
2. Member Dr. M.S. Joshi
Professor and Head,
Department of Plant Pathology, (L«r
College of Agriculture, Dapoli Yﬂ"/

3. Member Dr. Y.R. Parulckar
Assistant Professor,
Department of Horticulture,
College of Agriculture, Dapoli

4. Member Dr. M.G. Palshetkar
Assistant Professor, cu,krD—

Department of Agril. Botany, — g
College of Agriculture, Dapoli

5. External Examiner Dr. P. D. Potphode
Assistant Professor, %
Department of Plant Pathology,
College of Horticulture, Mulde

Countersigned by

)
)

ad
Department of Plant Pathology

Asso%

College of Agriculture, Dapoli
Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli




ACKNOWLEDGEMENT

First and foremost, I would like to glorify and thank God, the Almighty who
concede countless blessings, consciousness and opportunities to me, so that I have

been finally able to accomplish the thesis.

“The denouement of research wok is a corner stone in the life of any student
with research guide being the driving force behind” at the outset words fail to convey
the deep sense of gratitude to my major advisor Dr. R. R. Rathod Assistant
Professor, Department of Plant Pathology, College of Agriculture, Dapoli for his
invigorating guidance, constructive suggestions and incessant encouragement
during the entire period of investigation and for his patience in critically going

through the manuscript.

I would like to gives me immense pleasure to express the depth of my respect
and gratitude to the members of advisory committee, Dr. M. S. Joshi Professor and
Head, Department of Plant Pathology, College of Agriculture, Dapoli, Dr. Y. R.
Parulekar Assistant Professor, Department of Horticulture, College of Agriculture,
Dapoli and Dr. M.G. Palshetkar Assistant Professor, Department of Agril. Botany,
College of Agriculture, Dapoli for their inspiration and suggestions during the

course of research work.

I am extremely grateful to, Dr. J. J. Kadam Associate Professor, Department
Plant Pathology, for their valuable suggestion during course of research. I extend
my sincere thanks to Prof C. B. Gondhalekar SRA, Dr. P G. Borkar Associate
Professor, Department of Plant Pathology, Dr. R. G. Bhagwat Associate Professor,
Department of Plant Pathology, Dr. R. A. Raut Assistant Professor Department of
Plant Pathology, Dr. S. C. Rite, JRA, Shri. Vanarkar sir, and for innovative
suggestions and for providing me every possible help at any time during the course
of investigation. I offer my sincere thanks to all the staff members of my department

specially Shri. Kamble, Shri. Swapnil, Pawar, Dilip kaka, Kashte kaka, Sumit




dada, muluk and Kshirasagar kaki, who helped me regularly by making all the

material available at hand very promptly whenever needed.

I express my deep sense of appreciation towards my fellow batchmates
Gaurav, Fuzail, Adwait, Shreyas, Purva and Rutuja, and Juniors Vrushali,
Samruddhi, Danashree, Prathamesh, Yogiraj and Amol sir who exhaustively
worked to help me during this investigation. I'm extremely grateful to My friends
Bhakhti, Ankita, Pragati, Komal, Vaishnavi, Shweta and Mayuri the completion
of my dissertation would not have been possible without the support and nurturing

of them.

The words at my command are inadequate to convey gratitude and
indebtedness to my father Shri. Ramesh Adsul, mother Sau. Minakshi Adsul,
Brother Sanket, and grandmother Shakuntala without whose love, moral support,
affection and guidance I wouldn t have been successful in this difficult endeavor of

post graduate studies,

I have expressed my special respect and thanks to my senior Nilesh, Pawan,
Shrikant Umesh, Suraj, Mayur, Vaishnavi, Rohini and Shraddha who support me

to being good one.
I am indebted to my late Atya Vandana

I am deeply obliged to all the authors past and present whose literature has

been cited.

Lastly, I apologized if I forgot anyone to mention their help and once again, 1
would like to thank each and every person who helped me directly or indirectly to

turn this dream come true.

Place: Dapoli.

Date: / /72023. (Pooja Ramesh Adsul)




TABLE OF CONTENTS

Sr. No. Particulars Page
A List of Tables i
B List of Figures i
C List of Plates ii
D List of Abbreviations \Y
I Introduction 1-6
1 Review of Literature 7-25
i Materials and Methods 26-34
v Results and Discussion 35-43
\Y Summary and Conclusion 44-45
Vi Literature Cited 46-53

Appendices

Thesis abstract

Papers Published based on research work

Plagiarism report

Vitae




LIST OF TABLES

Table .
Title Page No.
No.
L Comparative performance of fungicides with bio- agents against C. 38
) gloeosporioides in vitro.
2) Field evaluation of fungicides against C. gloeosporioides. 41
3) Field evaluation of Trichoderma against C. gloeosporioides. 41
2) Field evaluation of comparative performance of fungicides with bio- 42

agents against C. gloeosporioides




LIST OF FIGURES

Fig. . After
g Title te
No. Page
1) Per cent inhibition of comparative performance of fungicides with 38
bioagents against C. gloeosporioides in vitro
2) Field evaluation of comparative performance of fungicides with 42
bio- agents against C. gloeosporioides
LIST OF PLATES
Plate .
Caption After Page
No.
1 Symptoms of anthracnose disease of mango 36
2 Pure culture of C. gloeosporioides on PDA 36
3A) Pathogenicity of C. gloeosporioides on cv. Alphanso by using Pin 36
Prick Method
3B) Pathogenicity of C. gloeosporioides on cv. Alphanso by using 36
Leaf Detached Technique
4A) | Conidia of C. gloeosporioides 36
4B) | Mycelium of C. gloeosporioides 36
5) Comparative performance of fungicides with bio- agents against 38
C. gloeosporioides in vitro
6) Mass multipication of Trichoderma spp 42
7) Field evaluation of comparative performance of fungicides with 42

bio- agents against C. gloeosporioides




%
/
Q@
spp.
°C

C.D.

CRD

CVv

cm

M

Conc.

d.f.

Dist.
Dr.B.S.K.K.V.
E.M.S.

etal.

etc.

hrs.

Fig.

g

ie.,

Kg

m

M.S.S.

mg

Lit.

P.D.A.

Ppm

S.E.

Tr./T

viz.

wiw

Sig.

BE

RH

SS

Sr.

No.
PDI

ABBREVIATIONS USED

Per cent

Per

At the rate of

Species

Degree Celsius

Critical difference
Completely randomized design
Coefficient of variation
Centimeter

Molar

Concentration

Degree of freedom
District

Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth.
Error mean sum of squares
And others

Etcetera

Hour(s)

Figures

Gram(s)

That is

Kilogram

Meter

Mean sum of squares
Milligram

Liter

Potato Dextrose Agar
Parts per million
Standard error
Treatment

Namely

Weight / weight
Significant

Biological Efficiency
Relative Humidity
Sum of squares

Serial

And

Number
Plant Disease Incidence



CHAPTER
INTRODUCTION

1.1.Background Information

Mango (Mangifera indica L.) is an important fruit crop from Anacardiaceous family and
believed to be originated from South East Asia, the Indo Burma Region, Myanmar, Bangladesh
and India. By virtue of its wide adaptation, delicious taste, superb flavor, very high nutritive and
medicinal value as well as its religious historical significance, it is called the “King of the fruits’’
ranking eighth position in terms of production around the world (Uddin et al. 2018). It is fifth most
widely produced fruit crop in the world after Banana, Citrus, Grapes and Apple and third most
important fruit crop of tropics after Banana and Citrus. It is under cultivation in India for more
than 4000 years and hence conspicuous bonds have been formed between the fruits and cultural
history of country (Maske ef al. 2022).

The fruit of mango is very popular with the masses due to its wide range of adaptability,
high nutritive values and richness in variety, delicious taste and excellent flavour. It is a rich source
of vitamins A and C. The fruit is consumed as raw or ripe. Good mango varieties contain 20 per
cent of total soluble solids. Raw fruits of local varieties of mango are used for preparing various
traditional products like raw slices in brine, amchur, pickles, murabba, chutneys, panhe (sharabat)
etc. (Maske et al. 2022).

Mango fruits are known for their nutritional and commercial importance. They are
indispensable food commodities across the globe. They play a vital role in human nutrition by
supplying essential growth elements such as vitamins, minerals, amino acids, carbohydrates, fats
and many other essential nutrients in daily diets; therefore, help to keep good and normal health.
The moisture content of ripe mangoes is 73.00- 86.70 per cent, carbohydrate 11.60-24.30 per cent,
protein 0.50- 1.00 per cent, fiber 1.10 per cent, TSS 12.00-23.00° B, acidity 0.12-0.38 per cen,
vitamin A 6375-20750 pg/100 g, vitamin B1 40.00 mg/ 100 g and ascorbic acid 0.46 mg/100 g
(Parthiban et al. 2020). It is adapted to a warm tropical monsoon climate with a pronounced dry
season followedby rains. Mango typically produces flowers in the dry season and set fruits at the
start of the wetseason. Therefore, it is considered as one of the oldest tropical fruits across the
globe. Mango is a commercial horticultural crop in many countries of South-East Asia, India,
Pakistan, Philippines,Malaysia, Thailand, Burma, Sri Lanka and Java. The main mango producing
countries of the world are India, Pakistan, Mexico, Brazil, Haiti, Philippines and Bangladesh
(Jenny et al. 2019).

Area production and productivity of mango in India

India produces about 50 per cent of world mango production with largest area. In India,
mango is cultivated in more than 40 per cent of total fruit area. The area occupied by Mango in
India is 16 lakh hectares, where the annual production and productivity is 10.80 lakh MT and 6.75

MT/ ha, respectively, as against a higher productivity of 30 MT/ ha in Israel (Parthiban et al. 2020).
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Konkan region is one of the largest mango growing belts in the country occupying 182 000
ha area, which accounts for about 8 per cent of the total area under mango in the country with
major contribution of over 35 per cent to the total export from India. It comprises of five mango
growing districts viz. Palghar, Thane, Raigad, Ratnagiri and Sindhudurg, along the West Coast of
India. The Konkan region is traditionally known as homeland for commercial cultivation of world-
famous Alphonso which is the choicest variety of mango in the world occupying more than 95 per
cent area in Konkan region . Mango being the major component of livelihood of this region, the
multifarious improved technology for production of quality fruits under aberrant climate has been
developed by DBSKKYV, Dapoli (Haldankar et al. 2020).

Konkan region blessed with production of choicest mango variety Alphonso due to its
favourable climate and soil type for mango production and productivity. There are more than 3000
named varieties such as Pairi, Alphonso, Dashehari, Langra, Fajali, Chausa, Totapuri, Neeclam,
Safeda, Rataul, Banganpalli (Baneshan), Mallika, Amrapali, Swarnarekha etc. are being cultivated
for commercial purposes. Among them, Alphonso tops in the list. It is grown along west cost of
India in Gujarat, Maharashtra, Goa and Karnataka which acclaimed as one of the best Indian
mango varieties (Maske et al. 2022).

Alphonso has a great export potential due to its appreciable qualities like sugar acid blend
ratio, attractive colour, pleasant aroma, tasty pulp without fibre and long keeping quality. Alphonso
has more than 80 per cent share in export of mango products. The cv. Alphonso is poorest yielded
with average productivity varying from 2.3 to 3 tons/ha which perhaps lowest in the country.
Among the several factors ascribed for low yield, susceptibility to pests, diseases and occurrence
of alternate bearing. (Maske et al. 2022).

Area, production and productivity of mango in the World, India and Konkan region

Particular Area (lakh ha) Production (mt) Productivity (t ha-1)
World 37 26.34 9.3
India 16 10.80 6.75
Maharashtra 3.8 0.81 4.11
Konkan 1.47 0.27 2.5

(Haldankar et al. 2020)

1.2. Importance and need of the study

Due to tremendous increase in population and increased demand it is essential to improve
the production with the available resources. The main reason for low productivity of mango in
India can be attributed due to poor orchard management, dense canopies with wider spacing, poor
sunlight interception and ventilation encouraging more pest and disease incidence. Mango is
affected by a number of diseases at all stages of development, from seedling in the nursery to the
fruit in storage or transit. There are several diseases which affect the mango yield in world and
across the Konak region (Parthiban et al. 2020).

10



Sr.No. | List of disease/ Common Name Causal organism
1 Powdery mildew Oidium mangiferae
2 Anthracnose Colletotrichum gloeosporioides Penz.
3 die back Botryodiplodia theobromae
4 Mango Malformation Fusarium moniliforme
5 Sooty mould or sooty blotch of mango | Meliola mangiferae
6 Pink disease Botryobasidium salmonicolor
7 Grey blight or pestalotia leaf spot Pestalotiopsis mangiferae
8 Leaf blight Macrophoma mangiferae
9 Sclerotium rot Sclerotium rolfsii
10 Root rot and damping off Rhizoctonia solani
11 Red rust Cephaleuros virescens Kunze

(Prakash and Misra. 2001)

Among them anthracnose disease of mango caused by Colletotrichum gloeosporioides
have been tremendously affect the yield of mango (Parthiban et al. 2020). Colletotrichum species
are one of the most important pathogens causing anthracnose disease in a wide host range including
legumes, vegetables and fruit crops especially in tropical region. The genus Colletotrichum is
recently designated as the world’s eighth most important pathogen from pathogenic fungi based
on perceived scientific and economic importance which cause fruit damage and production losses
(Abera et al. 2016).

Colletotrichum corda corresponds to genus of phytopathogenic fungi that causes diseases
and mainly anthracnose in different hosts. The genus Colletotrichum consists of approximately
600 species including most studied species like Colletotrichum gloeosporioides (Penz.) Penz. &
Sacc., Colletotrichum capsici (Schweinitz) Andrus & W. D. Moore, Colletotrichum acutatum J.H.
Simmonds, Colletotrichum dematium (Persoon) Grove, Colletotrichum nigrum Ellis & Halsted
and Colletotrichum coccodes (Wallroth) S. J. Hughes (Glomerellaceae). The species of this genus
infect more than 3200 species of monocot and dicot plants (Arizpe et al. 2021)

The sexual stage of Colletotrichum gloeosporioides are Glomerella cingulata. The name
C. gloeosporioides was proposed for the first time in Penzig, Poland in the year 1882 based on the
type specimen Vermicularia gloeosporioides, collected from Citrus in Italy. This pathogen belongs
to the Family: Glomerellaceae; Order: Glomerellales, Class: Sordariomycetes, Phylum
Ascomycota and Kingdom Fungi. Globally, anthracnose is one of the most important pre-harvest
diseases of mango (Jenny et al. 2019).

The symptoms of anthracnose appear at pre-harvest stages of mango. However, It is
pathogenic to more than 470 different plants at various development stages such as mango,
almond, apple, avocado, guava, Arabica coffee, cassava, dragon fruit, sorghum and strawberry.
But, among these, anthracnose of mango is very important in commercial prospective. It is caused

by two species where C. gloeosporioides is mainly responsible and C. acutatum plays very less
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role in few locations. Another C. gloeosporioides var. minor, is no longer recognized. High
humidity and moist condition are primary factors that helps in spread and development of
anthracnose disease in mango.

The disease, also caused by C. gloeosporioides more prevalent on sun-exposed surfaces of
fruit and pedicels. It has been called pepper spot and reduces fruit quality due to the presence of
small, shiny, black lesions on the skin. The tear stain (also referred to as pepper spot in this paper)
symptom on mango (Mangifera indica L.) fruit, also a result of infection by C. gloeosporioides,
is thought to be a similar phenomenon.( Giblin et al 2010)

Anthracnose attacks, leaves, twigs, flowers and young fruits even this disease can also
appear in the storage of mature fruits. Disease symptoms appear as slightly, black, sunken irregular
shape lesions, which gradually enlarge and developed, leaf spotting, blossom blight, fruit staining
and rot. In Bangladesh, about 25 to 30 per cent loses of the total production due to anthracnose
and stem end rot (Jenny et al. 2019).

This disease spread occurs through rain drops. Thus, a proper knowledge of this diseaseis
essential for its proper management to ensure the fruitful yield to increase the return from the fruit
crop to the farmers. Several spray and dip treatments of chemicals are used in anthracnose disease
management. This study has been carried out to investigate the anthracnose disease of mangoes,
pre-harvest management of anthracnose and the efficacy of fungicides and bioagents.

1.3. Objectives of the study
1. Collection of disease sample from susceptible mango cultivar and isolation of pathogen.
2. Comparative performance of fungicide and bioagents against the pathogen in vivo.
1.4. Hypothesis
Comparative study of hazardous plant protection chemicals and ecofriendly bioagents in
agriculture is a need of time. Trichoderma spp. are promising bio-control agents against many
pathogens. Use of plant protection chemicals and Trichoderma under field conditions might be
worthwhile in reducing inoculum density of C. gloeosporioides and thereby minimize postharvest
losses. The present investigation will help to reduce the disease and prove the effective
management strategies.
1.5. Scope and Limitation of study

The problem of using hazardous chemicals for disease management is drawing attention
on a globally. The pathogen resistance to chemical fungicides, environmental contamination, and
ecological imbalances have to be tested time to time. Accordingly comparative study of plant
protection with chemicals and for ecofriendly biological agents is evaluated to know, which one

is better for management of anthracnose disease with maintaining environmental approach.
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Limitation
1) Awvailability of proper fungicides and live culture of specific bioagents.
2) Proper knowledge of bioagents, fungicides and its spray schedule along with optimum
dose.
3) Methods of application of fungicides

4) Knowledge of pathogen, its perpetuation, dissemination and its vector.

CHAPTER 11
REVIEW OF LITERATURE

Colletotrichum spp. are one of the most polyphagous fungal plant pathogens causing
anthracnose disease to more than 470 different crops such as mango, chilly, papaya, beans, grapes,
banana, avocado and strawberry etc. There are several diseases which affect the mango orchard
across the Konkan region viz., anthracnose, die back, powdery mildew and mango malformation.
Among them anthracnose disease of mango caused by Colletotrichum gloeosporioides have been
tremendously affect the yield of mango (Parthiban et al. 2020). C. gloeosporioides severely
damage the mango crop, causing anthracnose disease that ultimately result in preharvest fruit rot.
The goal of the current research was to set disease management through, using different fungicides
and Trichoderma species at optimum concentrations.

The literature reviewed on the management of anthracnose of mango with fungicides and
bio-agent has been presented in succeeding pages of this chapter.

2.1. Collection of disease sample and isolation of the pathogen

Freeman et al. (1996) collected and isolated one hundred twenty specimens of
Colletotrichum gloeosporioides from avocado (6 U.S. and 57 Israeli isolates) and almond (57
Israeli isolates) fruits.

Anthracnose fungus, C. gloeosporioides, obtained from mango fruits and leaves from
Taiwan. A total of 1375 isolates was collected by Ker Chung Kuo., 2001.

Jayasinghe and Fernando. (2009) isolated the pathogen, causing anthracnose disease of
mango, from symptomatic infected leaves collected from several locations in the Kalutara district
in Sri Lanka.

Sangeetha and Rawal. (2009) collected the samples of leaves affected by anthracnose of
mango (C. gloeosporiodes) from Arambakam, Dapoli, Hassan, Hessarghatta, Lucknow, Raichur,
Tiruvur and Tumkur and isolated C. gloeosporioides from infected mango leaves.

Giblin et al. (2010) obtained eighty isolates of Colletotrichum gloeosporioides from
avocado and mango fruit showing anthracnose and pepper spot symptoms from New South Wales.

A total twenty-five isolates of C. gloeosporioides causing mango anthracnose were

collected from M. indica cv. desheri from different agroclimatic zones of India by Gupta et al.,
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2010).

Mukherjee et al. (2011) collected infected mango fruits (Mangifera indica) showing typical
anthracnose symptoms of Colletotrichum from local market of Khulna University campus, and
isolated Colletotrichum gloeosporioides.

Awa et al. (2012) collected infected mango fruits with anthracnose symptoms from mango
orchards in Ayetoro, Ibadan, Ogbomosho. Two hundred and thirty-one fungi isolated from
diseased fruits. This isolation was carried out in both the Nigeria Agricultural Quarantine Service
and in International Institute of Tropical Agriculture.

Phoulivong et al. (2012) isolated Colletotrichum strains from the infected fruits of chilli,
coffee, longan, mango, papaya and rose apple, from orchards and local markets in Laos and
Thailand.

Zakaria et al. (2015) collected mango fruits with anthracnose symptoms from several
fruits’ stalls, markets and supermarkets in Penang Island and state of Kedah, Peninsular Malaysia.
Thirty-five Colletotrichum isolates were obtained from anthracnose lesion of two mango cultivars
Chokanan and Harum Manis.

The mango leaves or twigs showing typical anthracnose symptoms were collected in
polythene bags from Raichur, Yadgir, Kalaburgi and Bidar districts of North Eastern Karnataka
and a total sixteen isolates of C. gloeosporiodes were obtained by Shivakumar et al., 2015.

Abera et al. (2016) collected samples of infected anthracnose of mango leaves, panicles
and fruits from home gardens in nine districts and brought to the Jimma University College of
Agriculture and Veterinary Medicine for isolation of the pathogen.

Zainab et al. (2016) collected total 125 leaves of mango anthracnose from the six locations
viz., Arkilla, Dambuwa, Gagi, lllela, More and permanent site of the Usmanu Danfodiyo
University, Sokoto and were isolated for identification.

Zainab and Shinkafi. (2016) collected mango fruits from different parts of Sokoto
metropolis, Nigeria at large including other tropical regions of the world where mango was grown
and the isolated pathogen was C. gloeosporioides.

Nattawut. (2016) isolated one hundred and twelve isolates of C. gloeosporioides from
infected leaves and fruits of mangoes from Thailand. Out of 112 isolates, eight isolates exhibited
at least 60 per cent inhibition.

Kumari et al. (2017) collected pathogen mango anthracnose infected leaves from the
experimental orchard and isolated pathogen on PDA showing creamy white, regular and fluffy
fungal growth after 24 hours of inoculation.

Twelve isolates of C. gloeosporiodes were obtained from mango leaves and twigs from
Rewa (4 isolates), Sidhi (3 isolates), Satna (4 isolates) and Jabalpur (1 isolate) districts of Madhya

Pradesh and screened in the greenhouse for its virulence using spray inoculation method on a year-
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old mango graft and observed considerable variation (Kumar et al., 2017).

Majumdar and Mandal (2018) collected naturally infected ripe mango fruits with
anthracnose from local Bolpur market and Palli Siksha Bhavana orchard.

Monosporic strains Gro, Col, Oax, Sin and Tux were isolated from infected mango Leaves,
flowers, juvenile fruits and annual vegetative branches with anthracnose symptoms, were collected
from commercial mango orchards located in the states of Oaxaca, Guerrero, Colima and Sinaloa,
Mexico, by Ojeda et al. 2018.

Ansari et al. (2018) collected ripe mango fruits showing typical symptoms of anthracnose
rot from local markets and Department of Plant Protection, Sindh Agriculture University
Tandojam, Pakistan and used for isolation of causal pathogen.

Islam et al. (2018) studied fungi associated with mango fruits and their pathogenic
potentiality. A total of ten isolates were isolated from the anthracnose from cv. Himsagar, Langra
and Amrapali. The samples were collected from five different markets of Dhaka city, namely
Farmgate, Kollayanpur, Kawran bazaar, Mirpur-10 and Pirerbagh bazaar.

Lurwanu and Sunusi. (2018) collected samples of infected mango leaves and fruits from
four orchards which were brought to the Vegetable Pathology Laboratory in the Department of
Crop Protection, Ahmadu Bello University, Zaria and isolated C. gloeosporiodes, Alternaria
alternata, Botrytis cinerea and Curvularia spp.

Sayiprathap et al. (2018) collected mango leaves infected with anthracnose from different
districts of Karnataka (India) viz., Bengaluru Rural, Chitradurga, Chikkaballapur, Dharwad,
Haveri, Kolar, Raichur, Ramanagara, Shivamogga and Tumakuru during survey and used for
isolation of the fungus, C. gloeosporioides.

Zainudin and Sattar. (2019) obtained infected anthracnose of mango fruits from several
orchard in Peninsular, Malaysia viz.; Perlis, Penang, Perak, Selangor, Pahang and Melaka states.
Five samples of fruits and leaves showing the symptom of anthracnose fruit rot were collected. A
total of 33 isolates of Colletotrichum spp. were obtained.

Silva et al. (2019) studied 260 Colletotrichum isolates, associated with necrotic lesions on
leaves and fruits, which were collected from chilli producing areas of Asia, Indonesia, Malaysia,
Sri Lanka, Thailand and Taiwan.

Ten mango fruits were collected from each mango exported orchard in Phitsanulok,
Nakhon Ratchasima, Sakeao, Prachinburi, Chiang Maiand Chachoengsao provinces for isolation
of anthracnose of mango caused by C. gloeosporioides. A total forty-four isolates of
Colletotrichum spp was obtained by Laksanaphisut et al., 2019.

Li et al. (2019) samples of mango leaves, fruits and branches with symptoms of
anthracnose were gathered from six provinces viz; Fujian, Guangdong, Guizhou, Hainan, Sichuan
and Yunnan in China were collected for fungal isolation. Based on morphological observation

and ITS sequences, a total of 205 Colletotrichum isolates were obtained, and 128 representative
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isolates were selected for further study viz.; 34 from Yunnan, 23 from Hainan, 18 from Guizhou,
13 from Sichuan, 16 from Guangdong and 24 from Fujian province.
The mango leaves infected with anthracnose were collected from mango orchard and used

for isolation of the causal fungus by Ranjitha et al., 2019.

Total of 19 fungal colonies were isolated from the naturally infected mango fruits and
leaves collected from 6 locations in Yola Adamawa state by Haruna et al., 2020. There was highly
significant difference between the frequency of occurrence of isolates in both mango fruit and
leaves.

Neto et al. (2020) studied 28 isolates of infected mango fruits in Rio Grande do Norte state,
Brazil. Based on colony color, size of conidia, appressoria and growth rate, isolates were identified
as C. gloeosporioides.

Wu et al. (2020) collected Mango fruits, stems and pedicels from diseased and healthy
plants from 33 orchards in Taiwan, Chiayi, Tainan, Kaohsiung and Pingtung. The Colletotrichum
species were isolated from these plant tissues. A total of 682 isolates from 560 samples were
obtained.

Diseased leaves and mature fruits were collected from seven mango cultivated districts in
the north of Cote d’Ivoire to identify and characterize Colletotrichum species isolates associated
with mango leaves and fruits. A total of 70 isolates were collected by (Dembele et al., 2020).

Pedraza et al. (2020) studied a total of 118 Colletotrichum isolates obtained from
symptomatic mango tissues viz.; 110 from leaves, 5 from fruits and 3 from twigs collected from
59 orchards distributed in the states of Chiaps, Sinaloa, Nayarit, Veracruz, Michoacan, Colima and
Guerreo in Mexico.

Arizpe et al. (2021) isolated the pathogen C. gloeosporioides from fruits of Tommy Atkins
and Ataulfo mango cultivars showing advanced degrees of black spots collected from open
markets in Saltillo, Coahuila, Mexico.

Mangoes were collected from orchards and markets in several cities of Senegal in July and
August of 2015 both in the North (Pout, Notto Gouye Diama), and in the South (Kolda, Sedhiou,
and Ziguinchor) by (Diallo et al., 2021). A total thirty isolates of Colletotrichum were isolated
from anthracnose lesions of mango from several regions in Senegal.

Maske et al. (2022) collected anthracnose infected mango fruits. A Thirty-five
Colletotrichum isolates were isolated from anthracnose lesion of two mango cultivars, Chokanan
and Harum Manis.

The C. gloeosporioides was isolated from mango fruit showing typical symptoms of
anthracnose in Ziguinchor (Cisse et al., 2022).

Ortiz et al. (2022) obtained fungal isolates from leaves and fruit of mango, in which seven
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isolates belong to the C. gloeosporioides complex, the causal agent of anthracnose in mango.
Among the isolates the Colletotrichum was isolated from fruit, while the rest were found in
infected leaves.

Mango fruits (Mangifera indica L. and other Mangifera species) were collected from the
Department of Agriculture and Fisheries (DAF) ANMG sites located at the Ayr, Southedge and
Walkamin Research Facilities (Grice et al., 2023).

Rattanakreetakul et al. (2023) collected inflorescence, leaves and fruits of mango cultivar
Nam Dok Mai See Thong (NDMST) showing typical anthracnose symptoms from orchards
located in Chachoengsao, Phichit and Ratchaburi. A total of 37 fungal isolates were resembling
Colletotrichum spp.

2.1.1. Pathogenicity of the test pathogen
Spray inoculation and Pin prick method

Giblin et al. (2010) carried out pathogenicity of isolated pathogen on mango fruit (cv.
‘Brooks’) from the orchard of C. Jacobs near Bundaberg, Queensland. Fruit was inoculated by
soaking a filter paper disc in the spore suspension of an isolate (5 x 10° conidia/ml) and then the
disc was removed from the suspension with forceps and placed on the surface of the fruit on the
allocated area. Isolates were inoculated in series followed by a water control disc. Fruit were
assessed for presence or absence of a visible lesion, and the diameter of the lesion was measured
at ripen stage 12 days after inoculation.

Gupta et al. (2010) pathogenicity assay tests with 25 C. gloeosporioides isolates were
performed on the mango seedlings of Desheri under greenhouse condition. Pin prick inoculation
technique was employed with spore suspension to prove pathogenicity.

The variation in pathogenicity of different isolates of C. gloeosporioides was tested by pin
prick method. For this purpose, one year old Alphonso grafts were chosen and wounds were made
by pin prick method. The spore suspension was made through sterile distilled water. Spore
suspension containing a load of 2 x 10* conidia/ ml was inoculated on the wounded areas. After
inoculation, the seedlings were covered with polythene bags to ensure high humidity by
(Shivakumar et al., 2015).

Langra mango grafts were used to prove the pathogenicity of different isolates of C.
gloeosporioides by spray inoculation method (Kumar et al., 2017). It was observed that lesions
were developed on the inoculated leaves. Numerous browns to black irregular spots appeared on
the surface of the leaves later when sprayed with spore solution. The spots rapidly increased in
size and coalesced to form elongated brown necrotic areas. To confirm the pathogen, C.
gloeosporioides was re-isolated from the infected leaves and verified that it was as the same as
original culture and there by proved pathogenicity of all the twelve isolates of C. gloeosporioides.

Kumari et al. (2017) leaves and fruits of highly susceptible variety Dashehari were
artificially inoculated by pinprick method with conidia suspension of C. gloeosporioides. The

symptoms of the disease appeared after 4-5 days of inoculation. The infected leaves exhibited the
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brown necrotic spots (20-25 mm in diameter) and dark brown to black depressed necrotic areas
on fruits. These diseased leaves and fruits were used for reconfirmation of the pathogen associated

with this disease.

The upper axial leaf surface of the mango seedlings was inoculated with the conidia of C.
gloeosporioides using three inoculation methods infusion, pinpricking and droplet. The infusion
method involved injecting 0.1 ml spore suspension of the inoculum into the midvein using a sterile
hypodermic syringe, the inoculum concentration used was 10° spores/ml. For the Pinprick method,
the mango leaf was injured by creating pricks with a sterile needle, 0.1 ml spore suspension was
dropped on injured pricks. Droplet method involves dropping 0.1 ml spore suspension on an intact
leaf surface using a micropipette. These seedlings were observed daily for symptoms, data on
lesion size was also taken daily for seven days after inoculation. Pathogen were re-isolated from
the leaves when showed symptoms and the cultures obtained were compared with the original
culture to confirm Koch’s postulates (Lurwanu and Sunusi., 2018).

Islam et al. (2018) reported pathogenicity test of the test isolates. Healthy mangoes were
collected from the selected market and washed thoroughly in running tap water and dipped in one
liter of 10 per cent Chlorox solution for surface sterilization. Sterilized wet cotton was placed in a
corner of box to maintain humidity. Before spraying, the fruits were scratched with sterilized
niddle and inoculated by spraying the conidial suspension (10° conidia/ml) of isolated fungi
separately with an atomizer and placed into separate plastic boxes. In control set, sterilized distilled
water was used instead of conidial suspension on the sterilized mango surface. The inoculated
mango fruits with plastic boxes were incubated at 25 + 2°C for 7 days. Observation were recorded
after 7 days, when the fruits showed characteristic symptoms. The fungi were isolated from
artificially inoculated fruits and compared with the previous one which showed the disease
symptoms naturally infected fruits.

Zainudin and Sattar. (2019) harvested matured and healthy mango fruits (cv Chokanan,
MAZ224) of uniform size and age from an orchard in Melaka and were used for the pathogenicity
test. Each fruit was inoculated using non-wounded method by placing it directly to 5 mm diameter
of mycelium plug on the mango surface. All the inoculated mangoes were incubated in covered
containers at same condition, 27 + 1°C in the dark. All treatments and control were replicated
twice with four mangoes for each fungal isolate. After eight days of inoculation, the fungal
colonies from lesion were subculture onto PDA and compared with the original isolates to confirm
the Koch’s postulates.

Laksanaphisut et al. (2019) were used fruits of mango for artificial inoculation. The

unwounded fruit was artificially inoculated with 25 pl of conidial suspension (3x10° conidia/ml)
of each individual Colletotrichum isolate and was subsequently covered with sterile Whatman

No.1 filter paper disc (0.5x0.5 cm) maintain moisture of the inoculum. Each fruit was inoculated
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at 3 positions including 2 cm from stem end, in the middle and 2 cm from stylar end on one side
of the fruit. For control treatment, each fruit was dropped with 25 pl of sterile distilled water. All
inoculated fruits were maintained under humid condition at 25+ 5° C for 24 h. The plastic bag
was then removed and inoculated fruits were further incubated at 25-28° C for 10 days.

Virulence of isolates was assessed in Tommy Atkins mango fruits purchased from growing
areas in Rio Grande do Norte, Brazil. Three wounds (7 mm in diameter) were made on fruit
epidermis using a sterile metal rod and PDA disks (5 mm in diameter) from the edge of the colony
were cut out aseptically from the 7 day old growth PDA plates and kept on each wound. The
control group consisted of fruits inoculated with PDA disks without fungal growth. After
inoculation, fruits were placed in plastic trays (previously disinfected with 70% alcohol)
containing cotton wool moistened with sterile distilled water, which was then covered with plastic
wrap to maintain moisture in fruits. Subsequently, the trays were kept at room temperature (30+1
°C) under natural photoperiod to prove the Koch’s postulate by (Neto et al., 2020).

Haruna et al. (2020) collected freshly harvested healthy matured mango fruits from
Kasuwan gwari market for proving pathogenicity of fungal isolates, and spray then 50 pL of 10°
spore /ml suspension of C. gloeosporioides. C. gloeosporioides was able to produce the dark
brown sunken lesions (anthracnose symptom) on both mango fruits and leaves, hence proved to
be the etiological agent of the disease. Accordingly, C. gloeosporioides was the causal agent of
mango anthracnose in South Western Nigeria.

Pathogenicity tests were carried out using green matured mango fruits of cv. Kent
randomly collected from four orchards Sinematiali. Inoculations of fruits were done by wound
inoculation method. Fruits were pierced with sterilized needle in three portions and pipette 20uL
containing 1x10° ml™* spores suspension for each isolate on the three wounded fruits. Control were
inoculated with 20uL of sterile distilled water. Inoculated fruits were incubated at 25-28°C in
cartons lined with moist laboratory wipes and covered with plastic bags and daily sprayed with
sterilized distilled water to maintain at 95 per cent relative humidity. Five days after incubation,
lesions were measured and compared with the original isolates to prove Koch’s postulates
(Dembele et al., 2020).

Pedraza et al. (2020) carried out pathogenicity tests on mango fruits (cv. Manila) at the
stage of ripening. The fruits were inoculated using the test pathogen. Fruits were wounded in two
allocated areas with a sterile toothpick. A mycelial plug was removed from the margin of 6-day
old PDA culture and placed onto the wounded surface of fruits. A noncolonized agar plug was
placed on the wounds of 10 fruits which used as a the control. The fruits were incubated at 25 °C
in the dark on plastic trays lined with two layers of paper towel moistened with sterile distilled
water and enclosed in a plastic bag. Six days after inoculation, the virulence of each isolate was
assessed by measuring lesion diameter.

For artificial inoculation Lombok variety of mango was used. The inoculum was adjusted
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to a concentration of 1-3x10° conidia per ml with an Improved Neubauer hemocytometer. For
each cultivar, one 25 pl droplet of sterile distilled water was placed in the center of each of the
two marked spots on the single control fruit, while for all other fruit one droplet of 25 pl of conidial
suspension was placed in the center of each of the two marked spots. All fruits were then incubated
in plastic containers for 48 h. Fruits were assessed every second day, post inoculation, for their
stage of ripeness, lesion development and disease severity by (Grice et al., 2022).

A myecelial plug of a 5-day-old culture was inoculated on wounded fruit and leaves. Typical
anthracnose lesions were observed around the inoculation sites. The anthracnose lesions on fruit
enlarged faster than those on leaves on 5 days after inoculation. No lesions were observed on the
control fruit or leaves. After the pathogenicity test, all the Colletotrichum spp. were re-isolated
from the infected tissues and confirmed by Koch’s postulate by (Rattanakreetakul et al., 2023).

Leaf detached Technique

Jayasinghe and Fernando. (2009) was tested pathogenicity of the two Colletotricum spp.
(MA 1, MA 2, & MG 1, MG 2) on young mango leaves. Drops (0.02ml) of an aqueous conidial
suspension (1X10° spores’ ml -1 ) prepared from 7-day-old cultures of each isolate were placed
on copper brown six leaves inoculated with each isolate. Later cross infection ability of the two
isolates was tested on young detached leaves of Hevea rubber (clone RRIC 121). Six drops of
conidial suspension (0.02 ml, 1X10° spores’ ml -1 prepared from 7-day-old cultures) were placed
on either side of the midrib on the lower surface of each leaf. Inoculated leaves were incubated at
28+2°C in humid chambers. Specimens inoculated with sterile distilled water drops served as
controls.

Awa et al. (2012) were collected new leaves free from anthracnose symptom, washed, and
surface sterilized. Which were then, sprayed with the spore solution of the test fungal isolates and
placed in plastic trays and incubated in a moist chamber for 5 days at 28°C.

Abera et al. (2016) carried out pathogenicity tests on detached fruits, and leaves of mango
on Kent variety. Eight isolates were selected for inoculation on detached mango fruit, and leaves.
Surface sterilized fruits and leaves were placed in a plastic box with tissue paper then sprayed with
sterilized water to maintain at least 95% relative humidity. The samples were inoculated using the
wound/drop inoculation method which included pin-pricking on leaves, the fruits to a 3 mm depth
with a sterile needle in the middle portion of fruit and then placing 20ul of conidia suspension
onto the wound. Control fruits were inoculated with 20ul of sterile distilled water. The inoculated
samples were incubated in the plastic containers at 25°C under controlled conditions. The
characters of the re-isolated pathogens were compared with their original isolates to prove
pathogenicity.

Hoz et al. (2016) To prove pathogenicity of mango cv. Tommy Atkins were used for
artificial inoculation on leaves and fruits. Leaves were placed inside Petri plates containing a

plastic mesh, sterile paper and 1 ml sterile distilled water. Fruits were placed inside a plastic box
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(one fruit per box) which contain sterile paper soaked in sterile distilled water to maintain
humidity. Leaves placed inside Petri plates, were inoculated with 10 pl of the conidial suspension
at six different spots, and fruits were inoculated with 100 ul of the conidial suspension on a wound
of approximately 1 mm in diameter. Controls were inoculated with the corresponding volume of
sterile distilled water. Each isolate was evaluated on its original host and on the alternate host.
Inoculated samples were incubated at room temperature with alternate light and dark periods of
12 hrs. each. Symptoms and reisolated test pathogen were examined and proved pathogenicity.
Photographs of the symptoms were taken every other day for 15 days.

128 isolates were used for pathogenicity and virulence tests on detached leaves and fruits
of mango (cv. Tainong) under controlled conditions. Freshly harvested mango fruits and young
leaves without visible disease were used for the tests. After air drying, detached young healthy
leaves (12-15 cm) were placed into plastic containers (9 cm x17 cm x25 c¢m) lined with paper
toweling, and six stab wounds were made forming a 5-mm-diam circle. Mycelial plugs (6mm
diameter) from margins of PDA cultures were placed on each wound. For controls, sterile agar
plugs were used. The containers were sealed and incubated in the dark at 25 °C. Aggressiveness
was assessed after one-week inoculation by measuring lesion diameter by (Li et al., 2019).

Udhayakumar et al. (2019) proved pathogenicity of all the twenty isolates of C.
gloeosporioides tested by detached leaf technique in mango seedlings of var. Neelam. The young
detached leaves of mango were inoculated with conidial suspension of C. gloeosporioides isolates
containing 1x10° conidia ml-1 and incubated in transparent polyethylene bags. The bags were
placed at room temperature (28 = 2°C) for 4 days and observed for appearance of symptoms. For
comparison, control treatment was sprayed with sterile water. Four polythene bags (5 leaves per
bag) were maintained.

Wau et al. (2020) conducted pathogenicity tests on detached young leaves and mature fruits
of mango (Cv. Irwin). A stab wound was made on each fruit with a sterilized needle, and a hyphal
disc was placed on the wound. Ten fruits were inoculated for each isolate, and PDA discs were
used as a negative control. The lesion diameter was measured at 7 days post-inoculation to assess
the virulence of different isolates. Small, to large spots emerged on leaves near appeared 5-6 days
after inoculation. Other four Colletotrichum species caused black lesions with clear edges on
leaves 5 days post-inoculation, and pathogens were re-isolated from the edges of the lesions,
proves Koch’s postulates.

2.2. In vitro comparative performance of fungicides

Jagtap et al. (2015) studied in vitro evaluation of new synthetic fungicides against C.
gloeosporioides causing anthracnose of pomegranate. Among the fungicides Carbendazim +
Mancozeb @ 3 per cent showed 82.10 per cent inhibition of mycelial growth of fungus followed
by Chlorothalonil with 75.80 per cent and least inhibition of myceli