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Anthracnose caused by Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. is one of the most
important diseases of mango. During survey, the disease samples of fruits affected by anthracnose
were collected from Arambakam, Dapoli, Hassan, Hessarghatta, Lucknow, Raichur, Tiruvur and Tumkur,
and isolations were made. Studies were conducted to find out the temperature requirement of different
isolates by incubating them at 15, 20, 25 28 and 30°C. The study indicated that the temperature of 25°C
was found to be good for the growth of Aramkabam, Lucknow and Tiruvur isolates. Maximum growth of
Dapoli, Hessarghatta and Tumkur isolates were recorded at 28°C whereas 30°C supported good growth
of Hassan and Raichur isolates, nine days after inoculation. As regards to sporulation, Dapoli,
Hessarghatta and Raichur isolates were good at 28°C whereas, 25°C supported good sporulation of
Lucknow and Tiruvur isolates. Hassan and Tumkur isolates showed moderate sporulation at 28°C and

25°C supported moderate sporulation of Arambakam.
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INTRODUCTION

Mango (Mangifera indica L.) is considered as one of the
most popular fruits among millions of people and grown
through out the tropical and subtropical regions of the
world. It is ranked as one of the best fruits in the interna-
tional market because of its delicious taste and high calo-
ric value. This fruit has become an essential fruit crop in
Asia, Southern and Central America as well as in many
parts of Africa. India stands first in global mango produc-
tion where it is mainly grown in Andhra Pradesh, Uttar
Pradesh, Karnataka and Bihar. Because of its diverse
production conditions and the vast area grown, mango
suffers from a number of diseases, some of them taking
heavy toll on the crop and representing limiting factors.
India stands first in global mango production (52%). How-
ever, the productivity of mango in India is affected by
various post harvest diseases which reduce the fruit qua-
lity and cause severe losses, because they lead to com-
pletely unmarketable fruits. Although blemished fruit can
be sold in the local market, this practice results in econo-
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mic loss due to the considerable differences between the
export and local prices. The mango tree and more espe-
cially the fruit is the host of a large number of pathogens
among which fungi are the major agents of fruit rot after
harvest. Fungal pathogens involved in mango rotting after
harvest include Colletotrichum gloeosporioides responsi-
ble for mango anthracnose, Alternaria alternata and A.
tenuissima that cause alternariose, Botryodiplodia theo-
bromae and Dothiorella spp. responsible for stem end rot
and Phoma mangiferae (Dodd et al., 1997; Kuos, 1999;
Okigbo and Osuinde, 2003; Arauz, 2000). Termination of
fungal quiescence appears to be related to the reduction
of antifungal compounds (Prusky, 1996) and or the pro-
duction of ethylene by the ripening fruit (Freeman et al.,
1998). As the fruit ripens, a reduction in the concentra-
tion of phenolic compounds active against C. gloeospo-
rioides and A. alternata is observed (Prusky and Keen,
1993). The change in nutritional status of the host upon
ripening has also been suggested as a factor in quie-
scence termination, but experimental evidence is contra-
dictory (Ploetz and Prakash, 1997).

Among the various diseases, anthracnose caused by
C. gloeosporioides (Penz.) Penz. and Sacc. Is the most



Table 1. List of different isolates of C. gloeosporioides.

Sangeetha and Rawal

Isolate Location Organ | Mean spore size (length x
(State) breadth) (pm)
Arambakam Tamil Nadu Fruit 14.49 x 4.76
Dapoli Maharashtra Fruit 14.283 x 5.23
Hassan Karnataka Fruit 16.66 x 7.74
Hessarghatta | Karnataka Fruit 16.84 x 4.97
Lucknow Uttar Pradesh Fruit 16.16 x 7.25
Raichur Karnataka Fruit 16.23 x 7.45
Tiruvur Tamil Nadu Fruit 15.54 x 3.85
Tumkur Karnataka Fruit 16.88 x 4.48
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serious disease widely distributed in all mango growing
regions of the world (Smoot and Segall, 1963; Tandon
and Singh, 1968; Muirhead and Grattidge, 1984; Johnson
et al.,, 1989; Ploetz, 1999) and is a major constraint on
the expansion of export trade of mango (Jeger and
Plumbley, 1988). It affects both vegetative and reproduc-
tive structures. Initial infection starts from leaves and
spreads to flowers causing blossom blight which destroys
inflorescence (flower panicles) leading to considerable re-
duction in fruit set and yield loss. The disease incidence
from different countries has been reported to be 32% in
South Africa (Sanders et al., 2000), 64.6% in Costa Rica
during 1990 (Arauz et al., 1994) and could reach almost
100% in fruits produced under wet or very humid condi-
tions (Arauz, 2000). Post harvest decay due to anthrax-
cnose was 29.6% in Himachal Pradesh, India during
1990-1992 (Sharma et al., 1994). To know the outbreak
of the disease, the favaourable environmental condition
prevalent in a particular region should be known. Hence
the present work was conducted to understand better the
interactions between fungi involved in post harvest rotting
of mango and the temperature requirement for its growth.

MATERIALS AND METHODS
Isolation of the pathogen

The pathogen C. gloeosporioides was isolated from infected mango
leaves. Isolation was made by cutting a small section of anthrac-
nose infected portion which was surface sterilized with 0.1% HgCl»
solution and rinsing in sterilized distilled water. It was then placed
on potato dextrose agar (PDA) medium (Potato-200 g, Glucose-20
g, Agar agar-20 g, Distilled water-1000 ml), in sterilized Petri plates
and incubated at 28 + 2°C. The pure culture was maintained in PDA
slants.

Eight isolates of C. gloeosporioides from mango were isolated,
representing a range of geographical origins (Table 1). Actively
growing cultures of all isolates were established on Richard’s Agar
(magnesium sulphate-0.25 g, potassium di-hydrogen phosphate-
5.00 g, potassium nitrate-10.00 g, potato starch-10.00 g, sucrose-
50.00 g, distilled water-1000.00 ml) from stock collections main-
tained in cool-stored culture tubes for long-term preservation. The
plates were inoculated with a 5 mm mycelial plug cut with a sterile
cork borer from the margin of a 7-day-old colony of all the eight iso-
lates to be tested. Plates were not sealed and were placed in an
incubator maintained at 15, 20, 25, 28 and 30°C. Radial growth was

measured twice a week in two perpendicular directions until co-
lonies reached the edges of the dishes. Four plates were used for
each isolate x temperature combination. Daily growth rates were
analyzed in a two-way ANOVA with temperatures and isolates as
main factors.

RESULTS

The results of the study indicated that there were signifi-
cant differences between isolates, temperatures and their
interaction when observed three days after inoculation.
Among the temperatures for all the isolates, the maxi-
mum mean colony diameter was at 28°C (26.55 mm) fol-
lowed by 25°C (21.55 mm) which was significantly higher
than other temperatures. Temperature of 15°C (5.64 mm)
showed least growth of all the isolates. All the isolates re-
corded maximum growth between temperature ranges of
25-28°C.

Temperature of 28°C was found to be favorable for ma-
ximum growth of Arambakam isolate (23.19 mm), Dapoli
isolate (23.81 mm), Hessarghatta isolate (23.88 mm),
Lucknow isolate (23.19 mm) and Tumkur isolate (23.81
mm) three days after inoculation (Figure 1). Maximum
growth of Hassan isolates (24.13 mm) and Raichur iso-
late (30.21 mm) was recorded at 30°C three days after
inoculation. However, 25°C supported good growth of
Tiruvur isolate (25.44 mm) followed by 28°C (46.75 mm).
The results presented in Figure 2 indicate significant dif-
ferences between isolates, temperature and also their
interaction when observed six days after inoculation.
Temperature of 28°C supported maximum growth of
61.91 mm in general for all the isolates which were signi-
ficantly superior over all the temperatures. Good growth
of 58.34 mm was also recorded at 25°C with least growth
at 15°C (19.09 mm). Temperature in the range of 25 -
28°C supported good growth of all the isolates.

Among the isolates, 25°C favored maximum growth of
Arambakam (57.38 mm), Lucknow isolate (57.37 mm)
and Tiruvur isolate (75.81 mm) which was statistically on
par with growth at 28°C. However, the growth of Dapoli
isolate (60.5 mm), Hessarghatta isolate (56.69 mm),
Tiruvur isolate (75.81 mm) and Tumkur isolate (60.5 mm)
were maximum at 28°C and significantly superior over
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Figure 1. Temperature requirement of different isolates of C. gloeosporioides on solid media (3 days after

infection).
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Figure 2. Temperature requirement of different isolates of C. gloeosporioides on solid media (6 days after

infection).

temperature of 25°C. Raichur and Hassan isolates show-
ed maximum growth at 30°C with 82.63 mm and 51.75
mm growth respectively followed by 75.06 mm and 49.63
mm growth at 28°C. Least growth of all the isolates
except Arambakam and Lucknow isolate was at 15°C.
The data in Figure 3 revealed significant differences
between isolates, temperature and their interaction when

recorded nine days after inoculation. Among the tempe-
ratures in general for all the isolates, 28°C supported
maximum mean growths of 81.46 mm which was signifi-
cantly superior to 25°C with mean growth of 73.64 mm.
Mean growth at 25°C and 30°C were on par with each
other. Among the isolates, temperature of 25°C suppor-
ted maximum mean growth of Arambakam (81.31 mm),
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Figure 3. Temperature requirement of different isolates of C. gloeosporioides on solid media (9 days after infection).

Lucknow (81.31 mm) and Tiruvur (81.06 mm) isolates
which was on par with the mean growth at 28°C. Maxi-
mum growth of Dapoli (86.81 mm), Hessarghatta (86.25
mm) and Tumkur (86.81 mm) isolate was recorded at
28°C which was superior to all other temperatures.
Hassan and Raichur isolates recorded good growth at
30°C. Based on the growth of different isolates of C. glo-
eosporioides at different temperatures, the isolates can
be grouped as:

Group I: Arambakam, Lucknow and Tiruvur (25°C)
Group II: Dapoli, Hessarghatta and Tumkur (28 °C)
Group lll: Hassan and Raichur (30°C)

The sporulation of Arambakam was moderate sporulation
at 25°C and poor at 28°C whereas no sporulation was re-
corded at 15, 20 and 30°C. Dapoli and Hessarghatta iso-
late showed good sporulation at 28°C with moderate spo-
rulation at 25°C, poor sporulation at 20°C and no sporu-
lation at 15 and 30°C. Moderate sporulation of Hassan
isolate was recorded at 28°C with no sporulation at other
temperatures whereas good and moderate sporulation at
25 and 28°C respectively was recorded in both Lucknow
and Tiruvur isolates with nil sporulation at 15, 20 and
30°C. Similarly Raichur and Tumkur isolates recorded
moderate sporulation at 25 and 28°C with poor sporula-
tion at 20°C and no sporulation at 15°C and 30°C.

DISCUSSION

The studies conducted to find out the role of different
temperature on growth and sporulation of C. gloeos-
porioides revealed that temperature range from 25-30°C
favored good growth and sporulation of Arambakam, Da-
poli, Hassan, Hessarghatta, Lucknow, Raichur, Tiruvur

and Tumkur isolates. Temperature of 15°C did not favor
the growth of any of the isolates. This difference in the
temperature requirement of different isolates could be
due to the difference in the climatic condition of the re-
gions where disease exists and the fungus could have
adapted to that particular climate. Since Arambakam and
Tiruvur are coastal regions where the night temperature
is low, it showed maximum growth at 25°C. Hassan and
Raichur being hot regions, maximum growth was
recorded at 30°C.

Similarly, Quimio and Quimio (1975) and Ahmed (1985)
recorded good growth of C. gloeosporioides at a
temperature range of 20 - 30°C whereas Saxena (2002)
noticed good growth of C.gloeosporioides on pomegra-
nate between 15-35°C with optimum at 28°C. Quesada
and Lopez (1980) and Banik et al. (1988) reported good
growth of C. gloeosporioides at 28°C, whereas Rajak
(1983) and Ekbote (1994) recorded maximum growth of
C. gloeosporioides at 25°C and 29°C respectively. Good
sporulation of Dapoli, Hessarghatta and Raichur isolates
were observed at 28°C, whereas 25°C supported good
sporulation of Lucknow and Tiruvur isolates. Hassan and
Tumkur isolates showed moderate sporulation at 28°C
and 25°C supported moderate sporulation of Arambakam
isolate. This results show that C. gloeosporioides can
sporulate between a temperature ranges of 25 - 28°C.
Similar reports on good sporulation of C. gloeosporioides
at 28°C was made by Quesada and Lopez (1980),
whereas Ahmed (1985) reported good sporulation at a
temperature range of 15 - 35°C, optimum being between
20-30°C.

REFERENCES

Ahmed KM (1985). Effect of temperature and light on the growth and



3090 Afr. J. Biotechnol.

sporulation of C.gloeosporioides Penz. Bangladesh J. Bot. 14: 155-
159.

Arauz LF (2000). Mango anthracnose: Economic impact and current
options for integrated management. Plant Dis. 84(6): 600-611.

Arauz LF, Wang A, Duran JA, Monterrey M (1994). Causes of post
harvest losses of mango at the wholesale market level in Costa Rica.
Agronomia Costarricense, 18(1): 47-51.

Banik AK, Kaiser SAKM, Dhua RS (1988). Influence of temperature and
humidity on the growth and development of Colletotrichum
gloeosporioides and Diplodia natalensis causing post harvest fruit of
mango. Adv. Plant Sci. 11(2): 51-57.

Dodd JC, Prusky D, Jeffries P (1997). Fruit diseases. In: The Mango:
1094 Afr. J. Biotechnol.Botany, Production and Uses. Litz RE (ed.),
CAB International Oxon, UK. pp. 257-280.

Ekbote SD (1994). Studies on anthracnose of mango (Mangifera indica
L.) caused by Colletotrichum gloeosporioides (Pens.) Penz. and
Sacc. M.Sc. Thesis submitted to University of Agricultural Sciences,
Dharwad, p.101.

Freeman S, Katan T, Shabi E (1998). Characterization of Colletotrichum
species responsible for anthracnose diseases of various fruits. Plant
Dis. 82: 596-605.

Jeger P, Plumbley RA (1988). Post harvest losses caused by
anthracnose (Colletotrichum gloeosporioides) of tropical fruits and
vegetables. Biodeterioration, 7: 642-646.

Johnson Gl, Muirhead IF, Rappel LM (1989). Mango post harvest
disease control: A review of Research n Australia, Malaysia and
Thailand. ASEAN Federation J. 4(4): 139-141.

Kuos KC (1999). Germination and appressorium formation in
Colletotrichum gleosporioides. Proc. Natl. Sci. Counc. ROC (B) 23:
126-132.

Muirhead IF, Grattidge R (1984). Post harvest diseases of mango-the
Queensland Experience. Proceedings First Australian Mango
Research Workshop Cairns, Queensland, 23-30 November, 1984,
Melbourne, CSIRO, pp. 252-284.

Okigbo RN, Osuinde MI (2003). Fungal leaf spot diseases of mango
(Mangifera indica L.) in Southeastern Nigeria and biological control
with Bacillus subtilis. Plant Prot. Sci. 39: 70-77.

Ploetz RC, Prakash O (1997). Foliar, floral and soil-borne diseases. In:
The Mango: Botany, Production and Uses, Litz RE (ed.) CAB
International, Oxon, UK, pp. 281-325.

Ploetz, R (1999). Anthracnose: The most important disease in much of
the mango producing world. News Lett. Plant Pathol. 3: 1-6.

Prusky D (1996). Pathogen quiescence in post harvest diseases. Annu.
Rev. Phytopathol. 34: 413-434.

Prusky D, Keen NT (1993). Involvement of preformed antifungal
compounds in the resistance of subtropical fruits to fungal decay.
Plant Dis. 77: 114-119.

Quesada GL, Lopez HE (1980). Sexual form and culture media for
Colletotrichum gloeosporioides pathogen of mango in Cuba. Ciencias
de la Agricultura. 7: 11-17.

Quimio TH, Quimio AJ (1975). Notes on Philippine grape and guava
anthracnose. Plant Dis. Reporter, 59: 221-224.

Rajak RC (1983). Nutritional requirement of two species of
Colletotrichum. Acta Botanica Indica. 11: 155-160.

Sanders GM, Korsten L, Wehner FC (2000). Market survey of post
harvest diseases and incidence of Colletotrichum gloeosporioides on
avocado and mango fruit in South Africa. Trop. Sci. 40(4): 192-198.

Saxena AK (2002). Anthracnose of pomegranate- Biology of the
pathogen, Epidemiology and disease control. PhD thesis, submitted
to Maharshi Dayanand Saraswathi University, Ajmer, Rajasthan, p.
232.

Sharma IM, Raj H, Kaul JL, Raj H (1994). Studies on post harvest
diseases of mango and chemical control of stem end rot and
anthracnose. Indian Phytopathol. 47(2): 197-200.

Smoot JJ, Segall RH (1963). Hot water as a post harvest control of
mango anthracnose. Plant Dis. Reporter, 47(8): 739-742.

Tandon IN, Singh BB (1968). Control of mango anthracnose by
fungicides. Indian Phytopathol. 21: 212-216.



