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Abstract 

Background: Mango anthracnose, caused by Colletotrichum gloeosporioides, is one of the most important diseases 
of mango crop. It mainly attacks leaves, flowers, young fruits and twigs and also appears as a post-harvest disease of 
ripened fruits. Application of bio-control agents has huge potential in plant disease management. The goal of the 
present research was to establish the potential of individual and combined bio-control agents for the management of 
mango anthracnose under in vitro and under field conditions.

Results: The antagonistic reaction of six fungi, six bacteria and nine yeasts against C. gloeosporioides on potato 
dextrose agar medium and malt extract agar medium was observed among which Trichoderma harzianum was found 
to be the most efficient with 89.26% mycelial growth inhibition. Evaluation of bio-control agents against anthracnose 
disease development on mango fruit revealed that dip treatment of mango fruits in spore suspension (1.2 ×  104 cfu/
ml) of T. harzianum for 5 min was the most effective and provided disease control to the tune of 81.67%. Combined 
application of effective bio-control agents as a post-harvest fruit dip treatment was also evaluated against the mango 
anthracnose on mango fruits, where the treatment of T. harzianum + Pichia anomala was very effective with 93.39% 
disease control. Under field conditions, three consecutive sprays of T. harzianum, starting with the initiation of disease 
on leaves, followed by other two sprays at an interval of 15 days during 2015 and 2016 were found the best for the 
management of mango anthracnose disease both on leaves and on fruits at two locations.

Conclusions: The combined and individual applications of bio-control agents, viz. T. harzianum, Bacillus subtilis and P. 
anomala, through foliar spray or by fruit dip had the potential to control mango anthracnose. The bio-formulations of 
these bio-control agents had the potential to replace chemical fungicides and also protect the natural environment, 
thus playing a significant role in integrated disease management.
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Background
Mango, Mangifera indica L., popularly known as ‘King of 
fruits’ or ‘apple of tropics’ belonging to the family Anac-
ardiaceae is a major fruit crop in tropical and subtropi-
cal regions (Berardini et al. 2005). Mango is exposed to a 
number of diseases; some of them are highly devastating, 

which limit the production and productivity of mango 
crop. Among the diseases of mango, anthracnose caused 
by Colletotrichum gloeosporioides is the most ruinous 
diseases. It mainly attacks leaves, flowers, young fruits 
and twigs and also appears as a post-harvest disease of 
harvested fruits. Black, irregular shaped and slightly 
sunken spots appear on leaves and fruits, which gradually 
increase in size and cause leaf-spots, blossom blight, fruit 
spots and eventually fruit rot  (Additional file 1: Fig. 1s). 
Under wet or very humid environment which are preva-
lent in most mango growing areas, high disease incidence 
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of up to 100% on fruits could be observed. Unfortu-
nately, the extensive use of chemical fungicides remains 
the main means for controlling most diseases including 
mango anthracnose, but their use has resulted in the 
accumulation of toxic compounds potentially hazardous 
to humans and the environment (Saeed et al. 2016). Due 
to the fungicide-related risks, there has been urgent need 
for the development of alternative and effective methods 
for the management of plant diseases (Ma and Michai-
lides 2005). Cultural practices, bio-control agents (BCAs) 
and natural compounds have the potential to use for dis-
ease management to avoid the use of chemical fungicides. 
Therefore, the use of micro-organisms, which are native 
to the same environmental conditions, should be effec-
tively used to control the pathogen growth or reduce its 
population to its best level (Syed et al. 2018). Bio-control 
agents indirectly regulate and lower the adverse effect 
of different biotic stress by enhancing systemic resist-
ance in plant due to production of antifungal bacterioc-
ins, metabolites, antibiotics, iron chelating siderophores 
and lytic enzymes (Saraf et al. 2014). Plant growth activi-
ties are promoted by different bio-control agents, which 
involve providing plants with several phyto-hormones, 
helping in absorption of several essential nutrients 
directly from the environment for plant growth, nitro-
gen fixation, mineral solubilization, chelation of iron, 
production of siderophores, plant growth hormones, 
etc. (Saharan and Nehra 2011). Recently, the produc-
tion of pectinase and chitinase enzymes by Trichoderma 
longibrachiatum, T. asperellum, and T. atroviride against 
Rhizoctonia solani had been demonstrated (Sallem et al. 
2021). These three species also solubilized phosphors 
and produced siderophores and indole acetic acid, which 
helped the augmentation of growth of the soybean plants. 
Thus, the present investigation was undertaken to evalu-
ate the potential of fungal, bacterial and yeast antagonists 
for the management of mango anthracnose.

Methods
Isolation of pathogen
The fungal pathogen, C. gloeosporioides, was isolated 
from mango fruits and leaves showing anthracnose 
symptoms by adopting the standard procedures (Dhingra 
and Sinclair 1995). On the basis of cultural and morpho-
logical characters such as mycelial colour and conidial 
characteristics, the fungus was identified (Barnett 1972).

Molecular identification of Colletotrichum gloeosporioides
The genomic DNA of fungal pathogen was isolated by 
practicing the cetyl-trimethyl-ammonium-bromide 
(CTAB; Sigma Chemical., St. Louis, USA) method (Mur-
ray and Thompson 1980) with little modifications. Quan-
tity of isolated DNA was checked by gel electrophoresis 

on 0.8% of agarose gel. A DNA region encoding for inter-
nal transcribed spacer (ITS) was amplified from the 
genomic DNA of pathogen in polymerase chain reac-
tion (PCR) using universal primers ITS1 (5′-TCC GTA 
GGT GAA CCT GCG-3′) and ITS4 (5′-CTC CGC TTA 
TTG ATA TGC T-3′). PCR was performed in 25 µl reac-
tion volume containing 1.0 unit Taq DNA polymerase, 
dNTP mix (0.2  mm each of dCTP, dGTP, dATP and 
dTTP), 1 × PCR buffer (20 mm Tris–HCl pH 8.4, 50 mm 
KCl, 1.5 mm  MgCl2), 1.0 µm each primer and 25–50 ng 
of genomic DNA. PCR was performed in a thermocy-
cler (Veriti, Applied Biosystems) with a total of 40 cycles. 
Each cycle consisted of initial denaturation at 94  °C for 
5 min followed by 40 cycles of denaturation at 94 °C for 
30  s, annealing at 58  °C for 30  s, extension at 72  °C for 
1.5  min and final extension at 72  °C for 5  min. Ampli-
fied PCR products were analysed on 1.2% gel in horizon-
tal gel electrophoresis and observed in ‘Ingenious Gel 
Documentation System (Syngene). The amplified PCR 
products were extracted from agarose gel with Gene-
JET Gel Extraction Kit (Thermo Scientific) by following 
manufacturer’s protocol. For DNA sequencing, purified 
PCR product was outsourced to Xcelris Genomics, India, 
under standard conditions. Sequenced data were ana-
lysed with the help of bioinformatics tools, and homolo-
gous sequences were retrieved from NCBI-BLAST (Basic 
Local Alignment Search Tool). Evolutionary analyses 
were carried out in MEGA X (Kumar et  al. 2018). The 
phylogenetic analysis of sequences was analysed by using 
the minimum evolution method and bootstrap.

Isolation and identification of bio‑control agents
Leaves and fruits of mango were collected from differ-
ent major mango growing areas of districts of Kangra, 
Mandi, Sirmour and Shimla of Himachal Pradesh. Fungal 
bio-control agents, viz. Trichoderma harzianum isolate 1, 
T. harzianum isolate 2, T. koningii, T. hamatum, T. viride 
and T. virens, and bacterial bio-control, viz. Pseudomonas 
fluorescens, P. putida, Bacillus subtilis isolate 1, B. subti-
lis isolate 2, B. subtilis isolate 3 and B. subtilis isolate 4, 
were isolated from phylloplane and fructoplane of mango 
on PDA (for fungi) and nutrient agar medium (for bac-
teria) by following the serial dilution technique (Johnson 
1957). The isolated Trichoderma spp. were identified on 
the basis of morphological characters documented in 
taxonomic keys (Rifai 1969). The isolated bacteria were 
identified on the basis of morphological, cultural char-
acteristics and biochemical tests (Aneja 2003). Nine 
antagonistic yeasts, viz. Debaryomyces hansenii (MTCC 
Code: 9882), Aureobasidium pullulans (MTCC Code: 
153), Hanseniaspora uvarum (MTCC Code: 408), H. 
occidentalis (MTCC Code: 628), Cryptococcus lauren-
tii (MTCC Code: 3953), Pichia anomala (MTCC Code: 
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237), Rhodotorula phylloplana (MTCC Code: 2748) P. 
guilliermondii (MTCC Code: 1005) and Candida sake 
(MTCC Code: 229), were procured from CSIR-Institute 
of Microbial Technology (IMTECH), Chandigarh, India. 
These were grown on malt yeast agar (MYA) medium 
(malt extract = 3 g, yeast extract = 3 g, peptone 5 g, glu-
cose = 10 g, agar–agar 20 g, distilled water = 1L, pH = 7.0) 
as suggested by CSIR- IMTECH Chandigarh, India.

In vitro antagonism of bio‑control agents against C. 
gloeosporioides
Antagonistic activities of six promising fungal bio-con-
trol agents, viz. Trichoderma harzianum isolate 1, T. har-
zianum isolate 2, T. koningii, T. hamatum, T. viride and 
T. virens, were evaluated against the mycelia growth of 
C. gloeosporioides by adopting the dual culture method 
on PDA medium under in vitro (Huang and Hoes 1976). 
Six bacterial bio-control agents, viz. Pseudomonas fluo-
rescens, B. putida, Bacillus subtilis isolate 1, B. subtilis 
isolate 2, B. subtilis isolate 3 and B. subtilis isolate 4, and 
nine yeast bio-control agents, viz. Debaryomyces hanse-
nii, Aureobasidium pullulans, Hanseniaspora uvarum, 
H. occidentalis, Cryptococcus laurentii, Pichia anomala, 
Rhodotorula phylloplana, P. guilliermondii and Candida 
sake against C. gloeosporioides were evaluated by follow-
ing the streak plate method (Utkhede and Rahe 1983) 
on malt extract agar (MEA) medium. For each treat-
ment, three replications were maintained and the Petri 
plates were incubated at 25 ± 2  °C in BOD incubator. 
The colony diameter of the pathogenic fungus was meas-
ured, 7  days after inoculation. The percentage of myce-
lial growth inhibition of the test pathogen was calculated 
according to the formula given by Vincent (1947):

where I—percentage of inhibition in mycelial growth; 
C—linear mycelial growth in control (mm); T—linear 
mycelial growth in treatment (mm).

Evaluation of effective bio‑control agents 
against anthracnose disease on harvested mango fruits
The most effective bio-control agents were evaluated for 
their comparative efficacies against anthracnose on har-
vested mango fruits. Fungal bio-control agents, viz. T. 
harzianum isolate 1 and T. viride, were mass multiplied 
using molasses yeast extract broth (Prasad and Rangesh-
waram 2000), whereas bacterial bio-control agents, 
namely P. fluorescens and B. subtilis isolate 1, were grown 
in nutrient broth and yeast antagonists P. anomala and 
R. phylloplana were prepared in malt extract broth at 
28 ± 1 °C in BOD incubator shaker for three days. Then, 
the solution of above bio-control agents of different ori-
gins, i.e. fungal, bacterial and yeast, was prepared with the 

I = {(C− T)/C} × 100

concentration of 1.2 ×  104 cfu/ml for fungi, 1.2 ×  108 cfu/
ml for bacteria and 1.2 ×  108 cfu/ml for yeast bio-control 
agents. Mango fruits cv. Dashehari of uniform size and 
shape were procured from orchard for evaluation. Fruits 
were dipped in 5% solution of these bio-control agents 
for 5  min and then air-dried in the laboratory. Sticker, 
namely Mixin (Biostadt India Limited, India), was added 
@ 0.2% in the solution to ensure the proper and uniform 
sticking of the solution on the surface of the fruit. The 
efficacy of bio-agents was compared with fruit dipped in 
distilled water as control. These fruits were then inocu-
lated with the test pathogen, i.e. C. gloeosporioides, by the 
pin-prick method using 5  μl spore suspension (1 ×  106 
conidia/ml) and incubated at room temperature (25–
28  °C). Observations on efficacies of these treatments 
against mango anthracnose were recorded after 7, 15, 
21, 28 days of inoculation by adopting 0–5 disease scale 
mentioned in Table  1 (Sundravadana et  al. 2007). Per-
centage disease index (PDI) was calculated by adopting 
the following formula devised by Mckinney (1923): per-
centage disease index (PDI) = Sum of all numerical rat-
ings/ Number of samples observed × Maximum disease 
grade × 100.

Evaluation of effective bio‑control agents against mango 
anthracnose under field conditions
The most effective bio-control agents were further evalu-
ated under natural epiphytotic conditions on mango 
plants growing at two locations: location I—Regional 
Horticultural Research and Training Station (RHR&TS), 
Dhaula Kuan (Sirmour) situated on latitude and longi-
tude of 30.4620° N, 77.4817° E at an elevation of 468 m 
amsl (above mean sea level); location II—Regional Horti-
culture Research and Training Station (RHR&TS), Jachh 
(Nurpur) situated on latitude and longitude of 32.3001° 
N, 75.8853° E at an elevation of 428 m amsl. The mango 
plants of cultivar ‘Dashehari’ of equal age were randomly 
selected at both locations for two consecutive years 2015 
and 2016. Each bio-control agent was sprayed thrice 
starting with the initiation of disease symptoms on leaves 

Table 1 Disease rating scale for mango anthracnose disease

Grade Per cent area of infection

Leaves Fruits

0 0 No infection

1 −20 Upto 5

2 21–40 6–10

3 41–60 11–20

4 61–80 21–50

5  > 80  > 50
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(19 July in 2015, 11 July in 2016 at Dhaula Kuan, 20 July 
in 2015, 15 July in 2016 at Jachh), followed by other two 
sprays at an interval of 15 days. Experiment was laid in 
randomized block design (RBD) with three replications 
for each treatment. The water-sprayed trees served as 
control. The observations of disease severity on leaves 
and fruits were recorded by adopting 0–5 disease rating 
scale mentioned in Table  1 (Sundravadana et  al. 2007). 
Disease severity was recorded on leaves after 15 days of 
last spray. Further, the percentage of disease index (PDI) 
for each treatment was calculated separately.

Integration of different bio‑control agents 
against anthracnose diseases on harvested mango fruits
The best treatment from the bio-control agents was 
integrated with a view to evaluate their combined effect 
on management of anthracnose on harvested mango 
fruits. Five percentage of  concentration from each liq-
uid formulation of fungal (1.2 ×  104  cfu/ml), bacterial 
(1.2 ×  108  cfu/ml) and yeast (1.2 ×  108  cfu/ml) antago-
nists was prepared. To apply a combination of bio-con-
trol agents, mango fruits were first dipped in solution of 
one bio-control agent for 5  min, followed by air drying 

Fig. 1 Phylogenetic tree based on the ITS sequences showing the relationship between sequences of different Colletotrichum spp. and similar 
other sequences deposited in the NCBI GenBank, USA

Fig. 2 Antagonistic activity of different bio-control agents on mycelial growth of Colletotrichum gloeosporioides 
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for 30 min and subsequently dipped in second bio-con-
trol agent for 5  min, followed by air drying. Sticker, 
namely Mixin (0.2%), was also added in the solution of 
bio-control formulations. Three replications were main-
tained for each treatment. Thereafter, the treated fruits 
were challenge-inoculated with test pathogen by the pin-
prick method as described above. Observations on the 
efficacy of these treatments against mango anthracnose 
were recorded after 7, 15, 21, 28  days of inoculation by 
following 0–5 disease rating scale. Percentage disease 
and decay reduction indices for each treatment were also 
calculated. The treatment details of the integrated trial 
were as:  T1: T. harzianum (5%) + B. subtilis (5%):  T2: T. 
viride (5%) + B. subtilis (5%):  T3: T. hamatum (5%) + P.  

fluorescens (5%):  T4: T. harzianum (5%) + Pichia anomala 
(5%):  T5: T. virens + P.fluorescens (5%):  T6: T. harzianum 
(5%) + Hanseniaspora uvarum (5%): T7: T. viride (5%) + P. 
anomala (5%): T8: T. viride (5%) + H. uvarum (5%): T9: T. 
hamatum (5%) + B. subtilis (5%):  T10: Control.

Statistical analysis
The data gathered from laboratory and field experiments 
were dispensed to appropriate statistical analysis using 
standard procedures as specified by Gomez and Gomez 
(1984). Critical differences (CD) among the treatments 
in various experiments at 5% level were also calculated to 
ascertain the least significant differences (LSD).

Results
Identification of Colletotrichum gloeosporioides
On the basis of mycelial and conidial characteristics, 
the isolated fungus was identified as C. gloeosporioides 
(Additional file 1: Fig. 2s). To further confirm the identity 
of fungus, a DNA region coding for ITS1, ITS2 and 5.8S 
rRNA gene was amplified from the genomic DNA using 
primer combination ITS 1 and ITS 4. A unique band of 
560  bp was obtained. The sequence of the region was 
compared with NCBI-BLAST database. BLAST search 
revealed that closest sequence was of C. gloeosporioides. 
The sequence of the C. gloeosporioides of the present 
study was submitted to National Centre for Biotechnol-
ogy Information (NCBI) and its accession number is 
KY773235.

Fig. 3 Effect of bio-control agents on the development of 
anthracnose on mango fruits after artificial inoculation

Fig. 4 Integration of effective bio-control agents for the management of anthracnose on mango fruits after artificial inoculation



Page 6 of 11Sharma et al. Egypt J Biol Pest Control          (2021) 31:135 

The phylogenetic analysis with the minimum evolution 
approach revealed that the isolated pathogen with NCBI 
accession number KY773235 clustered together with C. 
gloeosporioides MN067750 with bootstrap value of 64% 
in cluster I (Fig. 1). Cluster II consisted of C. gloeospori-
oides from other hosts.

Antagonistic activity of bio‑control agents against C. 
gloeosporioides under in vitro
The tested antagonists were found effective against 
the test pathogen with inhibition more than 50% 
growth of C. gloeosporioides. Fungal bio-control agent, 
T. harzianum isolate 1, was effective with 89.26% 
mycelial growth inhibition, and T. hamatum, T. viride, 
T. virens were found at par with each other. Bacterial 
bio-control agent B. subtilis isolate 1 was found effec-
tive with 76.30 per cent inhibition in mycelial growth 
and B. subtilis isolate 1, P. fluorescens and P. putida 
were found at par with each other  (Additional file  1: 
Fig.  3s). Among yeast bio-control agents, P. anomala 
was found to be the best with inhibition of 79.63% 
(Fig. 2).

Evaluation of effective bio‑control agents 
against anthracnose disease on harvested mango fruits 
under laboratory conditions
T. harzianum isolate 1 effectively reduced the disease by 
81.67% and was significantly superior over all the other 
bio-control agents  (Additional file  1: Fig.  4s), whereas 
B. subtilis bacterial bio-control agent was the next best 
with 77.78% disease control when evaluated on harvested 
mango fruits under laboratory conditions (Fig. 3).

Integration of different bio‑control agents 
against anthracnose disease on harvested mango fruits
The combined treatment of T. harzianum (5%) + Pichia 
anomala (5%) was the most effective and provided 
93.39% disease control. It was followed by treatment of 
T. harzianum (5%) + B. subtilis (5%) with 91.72% disease 
control. The next best treatments in order were T. vir-
ide (5%) + B. subtilis (5%) and T. hamatum + B. subtilis, 
which provided disease control to an extent of 89.91 and 
87.08%, respectively (Fig. 4, Table 2).

Field evaluation of effective bio‑control agents 
against mango anthracnose caused by C. gloeosporioides
Efficacy of the bio-control agents as spray application 
under field conditions showed that three successive 
sprays with T. harzianum isolate 1 at 5% concentration 
starting with initiation of disease (19 July in 2015, 11 July 
in 2016 at location-I, 20 July in 2015, 15 July in 2016 at 
location-II), followed by other two sprays at an interval of 
fifteen days, were the most effective at both the locations 
and reduced the disease to an extent of 59.91, 54.77% dis-
ease control on leaves and 56.57, 52.66% disease control 
on fruits, respectively (Tables  3 and 4). It was followed 
by B. subtilis (54.89, 52.95% on leaves, 54.24, 50.91% on 
fruits), T. virens (53.93, 51.98% on leaves, 51.74, 50.41% 
on fruits) and P. anomala (47.55, 47.48% on leaves, 
45.59, 42.76% on fruits), respectively. At both locations 
on leaves, minimum percentages of disease index of 
26.67 and 30.59 were recorded with T. harzianum iso-
late 1 (Fig.  5). Analogically, at both locations on fruits, 

Table 2 Integration of effective bio-control agents on development of anthracnose on mango fruits after artificial inoculation

Figures in parentheses are angular transformed values

Treatment no. Treatment Conc. (%) Per cent disease index (PDI) Disease 
control 
(%)2015 2016 Mean

T1 T. viride + Pichia anomala 5 + 5 10.82  (19.14) 11.41 (19.70) 11.12 86.98

T2 T. harzianum + Pichia anomala 5 + 5 5.62 (13.50) 5.67 (13.67) 5.65 93.39

T3 T. viride + Bacillus subtilis 5 + 5 8.79  (17.15) 8.44 (16.83) 8.62 89.91

T4 T. viride + Hanseniaspora uvarum 5 + 5 10.56 (18.92) 11.52 (19.78) 11.04 85.00

T5 T. hamatum + Bacillus subtilis 5 + 5 18.63 (25.53) 19.45 (26.13) 19.04 87.08

T6 T. harzianum + Bacillus subtilis 5 + 5 6.56 (14.73) 7.58 (15.87) 7.07 91.72

T7 T. virens + P.fluorescens 5 + 5 20.41 (26.82) 22.90 (28.57) 21.66 74.64

T8 T. harzianum + Hanseniaspora uvarum 5 + 5 10.63 (18.98) 12.48 (20.64) 11.56 86.47

T9 T. hamatum + P. fluorescens 5 + 5 19.71 (26.57) 23.26 (28.81) 21.49 74.84

T10 Control – 85.42 (67.57) 83.02 (65.07) 85.42 0
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minimum percentages of disease indices of 27.69 and 
32.46 were recorded with T. harzianum isolate 1 (Figs. 5, 
6; Tables 3, 4).

Discussion
Different species of Trichoderma had been reported to 
be efficient in inhibiting mycelia growth of C. gloeospori-
oides causing mango anthracnose (Gud and Raut 2008). 
Seven fungi and two bacterial antagonists were screened 
against C. gloeosporioides, and it was found that T. har-
zianum exhibited a maximum inhibition, followed by 
P. fluorescens under in  vitro conditions (Prabakar et  al. 
2008). Further, it was also reported that dipping of fruits 
in T. harzianum and P. fluorescens suspensions reduced 
anthracnose on mango fruits by 40.0 and 43.3%, respec-
tively. Udhayakumar and Usha Rani (2010) isolated nine 
bacterial isolates from different parts of mango, viz. 
leaves, fruits and blossom, and further evaluated their 
efficacy against C. gloeosporioides, which revealed that an 
isolate of P. fluorescens resulted in maximum inhibition 
in germination of conidia, maximum reduction in germ 
tube length and maximum inhibition in mycelial growth.

Trichoderma spp. provided antagonistic activ-
ity against plant pathogenic fungi by competition for 
nutrients, mycoparasitism and antibiosis. Trichoderma 
spp. hyperparasite formed coil, hooks or appresso-
rium-like structures around the pathogen mycelium 
(Elad et  al. 1983). Begum et  al. (2008) observed that 
the Trichoderma isolates coiled around the hyphae of 
C. truncatum, which further restrict its growth and 
spread. Trichoderma spp. produces many antibiotics, 

viz. trichodermin, trichodermol, trichotoxin and har-
zianolide, which have inhibitory effect against fun-
gal growth and sporulation (Yonas and Amare 2008). 
Trichoderma species produce many extracellular 
enzymes including chitinase, pectinase, amylase, and 
protease, which help in the degradation of cell wall of 
pathogenic fungi and many Trichoderma species are 
also reported to produce siderophores and indole acetic 
acid (Sallem et al. 2021). The siderophores produced by 
bio-control fungi can utilize the limited available iron 
and hence reduced its availability for the pathogenic 
fungi (Sallem et al. 2021). Bacterial antagonist, B. sub-
tilis, has the potential to produce antimicrobial peptide 
substances, viz. subtilin, bacilysin, mycobacillisyn, and 
iturin, which can change hyphal morphology including 
hyphal swelling, distortion and cytoplasm aggregation 
in hyphal cells of C. acutatum and C. gloeosporioides 
(Yoshida et al. 2001). Spray application of bacterial fil-
trate of Streptomyces aureofaciens on mango trees was 
effective to manage anthracnose disease (Haggag et al. 
2011). Antibiotic metabolites produced by bacterial 
antagonists can enter the protoplasm of hyphal cells, 
resulting in dissolution and disintegration and finally 
causing malformation of mycelium (Rahman et  al. 
2007).

Yeast antagonists also have the potential to be used 
as bio-control agent for the management of plant dis-
eases (Abo-Elyousr et  al. 2021). Yeast antagonists 
can grow quickly and colonize host-surface quickly 
and efficiently, which limit the availability of nutri-
ent and space to pathogen (Abo-Elyousr et  al. 2021). 

Fig. 5 Effect of bio-control agents on anthracnose development on mango leaves under field conditions
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Additionally, yeast antagonists produce few secondary 
metabolites, which may significantly affect the ability 
of other fungi to produce cell wall degrading enzymes 
and may hydrolyse the conidia of plant pathogenic 
fungi (Li et  al. 2019). The bio-control potential of dif-
ferent yeast antagonists, viz. P. guilliermondii, Candida 
musae, Issatchenkia orientalis and C. quercitrus, had 
been demonstrated against chilli anthracnose caused 
by C. capsici (Chanchaichaovivat et  al. 2008). Antago-
nistic activities of yeasts may be due to competition 
for nutrients, site exclusion, direct parasitism and may 
also be due to resistance induction in plants (Hashem 
et al. 2008). The present study emphasized on practical 
application of biological control agents to manage the 
mango anthracnose under field conditions. The effec-
tiveness of biological control agents to manage mango 
anthracnose disease provided an environment-friendly 
approach for the production of pesticide-free mango 
fruits.

Conclusions
The explorations of various bio-control agents to con-
trol various plant diseases could be of significant agro-
nomic importance. The bio-formulation application of 
T. harzianum, B. subtilis and P. anomala could be used 
as eco-friendly future approach for the management of 
pre- and post-harvest anthracnose on mango.
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