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Control of Black rot disease of tea {Camellia sinensis (L.) O Kuntze}
with the mycoflora isolated from tea environment and phyllosphere
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The potential of some aeromycoflora and the tea phyllosphere microorganisms to control
Black rot disease of tea (causal organism- Corticium theae Bernard) was evaluated. Fungal
microorganisms-isolated from the tea plantation environment and phyllosphere of 11 of tea
clones were evaluated. The fungal genera most frequently trapped from the environment of tea
plantation were Aspergilius flavus, Aspergillus niger, Curvularia sp, Penicillium sp and
Trichoderma atroviride. The most frequently recovered mycoflora from the tea phyllosphere
are Aspergillus flavus, Aspergillus niger, Penicillium sp, Trichoderma atroviride and Trichoderma
citrinoviride. Experiment was carried out to assess the possible use of these microorganisms
as biocontrol-agents against the Black rot disease of tea causing organism i.e. Corticium
theae under in vitro and field conditions. The aqueous solution of the antagonists which
showed maximum inhibition of the pathogen in vitro was applied under field conditions as
foliar spray. The percentage symptom and senility index was found to be lowest in the plots
sprayed with Aspergillus niger followed by Trichoderma atroviride and Trichoderma citrinoviride.
respectively.

Key words : Aeromycdﬂora, antagonistic, biological control, Corticium theae, phyllosphere,

and tea clonal variety

INTRODUCTION

Air is the carrier but not the medium of growth for
microbes. Studies on aeromicrobial populations are
essential for understanding the survival of microbes
in the soil, leaf surface and air. The presence of
spores of specific plant pathogenic fungi near crop
fields may suggest when measures should be taken
against that particular disease (i.e. disease fore-
casting).

The phyllosphere may be defined as that part of
the leaf serving as the interface between the plant
organ and the environment. Although the
phyllosphere has been referred to as a relatively
“hostile environment”, a number of macro and mi-
croorganisms successfully exploit this niche; thus,
it serves as a microcosm for a complex series of
multitrophic interactions (Jose et al. 2009).
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The microbial diversity of phyllosphere communities
is influenced by plant age, species, micro- and
macro-habitat, changes to environmental regimes
and position of leaf on the plant (Kinkel, 1997; Talley
et al., 2002; Behrendt et al., 2004). Plant genera
growing in close proximity have their own
characteristic mycota (Kinkel, 1997) which is
conditioned by the nature of the plant exudates,
microclimate and by other members of the mycota
(Goodman ef al., 1986; Lucas & Knights, 1987;
Osono & Mori, 2004).

Population of saprophytic microorganisms in soil,
leaf surface and air-borne propagules has been
studied by different workers (Last, 1955; Ruinen,

- 1961; Dixit and Gupta, 1980; Satpute et al., 1987).

The report of the intensive investigations on leaf
surface mycoflora has been reported by Last and
Deighton (1965). The important studies of air spora
over crop field to understand the dissemination and
spread of microbes especially the pathogens ones
in the atmosphere have been emphasized by many
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workers (Pady et al.,1965; Kaiser and Lukezie,
1966, Schnek, 1968; Datar and Mayee, 1981; Tilak
and Babu, 1981). Bordoloi and Baruah (1967) have
studied and reported the distribution of mycoflora
in tea plantation, soil and air.

A number of studies have identified the ecological
relationships between microbes and host plants
(Baker and Cook, 1974). Knowledge of the
occurrence of air-borne pathogens is helpful in
controlling the disease. Some aerobiological studies
conducted in India in the last decades have revealed
the qualitative and quantitative features of air flora
in different parts of the country (Rajan et al.,1952;
Lakhanpal and Nair, 1958; Shivpuri et al. 1960;
Bhati and Gaur, 1979; Satpute et al.1987). The
possibility that tea may serve as vehicle for
pathogen has been reported earlier (Ekanayaka
et al., 1987).

The mycoflora present in the air, phyllosphere and
soil of the tea plantations may be interlinked and
they may play important positive and or negative
role in relation to disease development or control.
Toxin producing organisms if any can be regarded
under the negative role; on the other hand
biological control measures of some specific tea
diseases may be possible by using some of the
mycoflora trapped from the atmosphere of tea
plantations (i.e. from the air and phyllosphere). No
systematic study has been made on this aspect till
date, especially under the agro-climatic conditions
of Cachar district, Assam. Therefore, in the present
work an attempt has been made to investigate the
same.

MATERIALS AND METHODS
Study Area

Rosekandy Tea Estate is situated in the Barak val-
ley which is surrounded by N. C. hills and Jaintia
hills in the North, in the east by the state of Manipur,
in the south by Mizoram and in the west by the state
of Tripura and Sylhet district of Bangladesh. The
area has an altitude of 26- 30 m above main sea
level and falls under 24°8'N latitude and 29°15" E
longitude. Total grant area of this estate is 1702.01
hectare and area under tea is 574.70 hectare. The
estate is located at a distance about 28 km from
Silchar town. It is surrounded by about 8 to 10 rev-

On control of Black rot disease of tea

[J. Mycopathol. Res.

enue villages, cultivated fields and Chutla Bheel
on all sides, respectively.

Media for isolation of aeromycoflora and mi-
crobes from phyllosphere

Rose bengal agar media (Raper and Thom,1949)
for the isolation of aeromicrobes and for the isola-
tion of microbes from the phyllosphere, Czapek Dox
Agar media (Tsao,1964) were used.

Isolation of culturable fungi from tea
phyllospheres

Eleven numbers of Tocklai (Tocklai Experimental
Station, Jorhat, Assam) released tea varieties were
selected for the experiment. In the present investi-
gation for the isolation of leaf surface mycoflora
the modified leaf washing technique of Dickinson
(1971) was adopted for phyllosphere study. The
tea varieties selected were TV-1, TV-9, TV-20, TV-
23, TV-26, TV-27, TV-29, TV-30, S-3 A-3, Heelika
and Paanitola.

The leaves collected for the isolation of
phyllospheric microorganisms were of the same age/
flush. Discs of 4 mm diameter were cut randomly
from five leaves of the same variety with a sterile
cork borer. Fifty discs were placed in 250 ml coni-
cal flask containing 100 ml sterile distilled water and
shaken for 20 minutes to get a homogenous sus-
pension of the fungal propagules. From this, 1 ml
suspension per plate (9 cm diameter) was poured
in replicates. Czapek’'s Dox agar medium was
poured into them and mixed thoroughly. Total
mycobial population per square cm of leaf surface
for each variety of tea was calculated separately
using the following formula, after seven days of in-
cubation. Observations were repeated at least
once.Total no. of microbes = Total no. of microbes
in 1ml X 100 / Total area of 50 discs X 2 (*Area of
one disc = nr?, where 'r' is the radius of discs in cm)

Isolation of culturable fungi from air

Two methods were adopted for the isolation of
aeromycoflora in the tea environment. Gravity
Petriplate exposure method was carried out by sim-
ply exposing the Petriplates containing media at
human height in the tea field atmosphere. Another
way of trapping the air microbes was by using the
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two stage Andersen Sampler. The two stage
Andersen air sampler is a form of cascade impac-
tor in which two stage model providing a cut- off
between respirable and non- respirable particles.
The plates have progressively smaller holes from
the upper most plate. Air is drawn through the sam-
pler at 28.3 litres / min and air-borne bioparticles
are deposited on the plates containing Rose Ben-
gal Agar Medium, according to their aero-dynamic
size. During the process, spores get impacted into
sterile medium, which were kept for incubation at a
temperature of 25 ° + 2 ° C (for 5-7 days). The sam-
pler is run by AC current.

The total number of colonies isolated was corre-
lated to the nearest count with the help of the cor-
rection factor table given by Andersen (1958) and
the count were expressed as colony forming unit
per cubic meter of air (CFU/m?®). The correction fac-
tor was calculated as per the formula given below-
Total numbers of fungal colonies X 1000/ Total vol-
ume of the air sampled X time, (CFU/m3)= (x +y) X
1000/28.5 X 10 where x = total number of colonies
in the top, y =total number of colonies in the bot-
tom.

Determination of microbial population

Populations of microbes were determined by
counting the number of colonies which appeared
on the plates during incubation.

After the isolation of fungi, they were subcultured
on potato dextrose agar (PDA) and identified
consulting the following literature: Raper. and
Fennel., (1973)., Gilman, (1956), Barnett. and
Hunter.(1972) and Nagamani.et al. (2002).

Antagonism studies

To ascertain whether antagonism existed between
the test fungi and the pathogens, dual culture
method was employed. A 4 mm disc of the antago-
nistic fungi from 7 days old culture plate was placed
in the Petridishes containing sterile Potato dextrose
agar medium at 2 cm apart from the pathogen.
Three replicates were prepared for each fungus.
Respective controls were also made without the test
fungi. All the plates were separately incubated at
25+ 19 C for 7 days and the antagonistic colony
interaction were examined thereafter. The kind and
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degree of antagonism was determined according
to the classification of Skidmore and Dickinson

(1976).

Dual culture method (Wood, 1951) was followed
for examining the interactions. A 4 mm discs of the
pathogen and test fungus in triplicate on PDA con-
taining Patridishes were placed from their 7 days
old cultures. The plates were then incubated for 7
days at 25£1°C. Control plates were kept simulta-
neously. The colony grew on both sides i.e. towards
and opposing each other from loci was measured.
The parameters used for the assessment of colony
interaction were degree of inhibition or intermingled
zone between both the colonies. The inhibition of
radial growth was calculated by using the formula
by Fokkema (1973) :- % inhibition = 100 x il €,
r,= radial growth of the pathogen in control, r,= ra-
dial growth of Corticium theae in dual inoculation

Field experiment

A field experiment was conducted in the Section
91-B of Rosekandy Division of Rosekandy Tea
Estate (24°8' N; 29°15’ E) to assess the efficacy of
antagonistic microorganisms against Black rot dis-
ease of tea in a randomized block design with six
treatments and three replications. Each replicate
consisted of five tea bushes each; in one treat-
ment fifteen bushes were taken under observation
for each treatment. The treatment consisted of five
microorganisms and an unsprayed control. The
microorganisms were sprayed on the heavily dis-
ease infested plots. The spray was repeated for
three times at two weeks interval, while the control
was sprayed only with water.

Field disease assessment

The experimental plants were examined for disease
symptom and senility index. The tea bush plucking
table was divided into four equal parts and values
were assigned to each, proceeding from the infected
part of the plucking table. Symptom expression in
one-fourth of the plucking table was given the value
1; if half of the table was affected then the value 2
was given; if three quarter of the plucking table of
the bush was affected value 3 was given, and if the
symptoms are found throughout the plucking table
or the plants are showing symptoms of total defo-
liation/ death, due to Black rot disease the value 4
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was given. A modified symptom and senility index.
described earlier by Dutta, (1981) was used for
calculating for each group of plants in a single treat-
ment as a percentage figure : Symptom & Senility
index= Sum of the individual rating value x 100 / 4
x no of plants assessed.

RESULTS AND DISCUSSION

The results of phyllosphere and aeromycoflora
survey showed that the tea garden atmosphere was
never free of fungal spores. A total of 8 exposures
were carried out by using Andersen Air Sampler.
The total number of trapped microorganisms
ranged from 88.33 to 413.42 (Table 1). This sug-
gests that large number of aeromycoflora can be
trapped which can be further screened for the bio-
logical control studies of the tea diseases. Aspergil-
lus flavus, Aspergillus niger, Curvularia lunata, Peni-
cillium sp. and Trichoderma atroviride were found
to be dominant in the atmosphere of tea garden.

Table 1 : Results of the aerobiological survey done with 2-stage
Andersen sampler
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Observation No of colonies CFU/m”
(no of Petriplates) Top Bottom
1 17 8 88.33
2 24 21 159.01
3 89 28 413.42
4 21 19 141.34
5 14 5 67.13
6 9 5 49 .46
7 24 22 162.54
8 21 28 173.14

Table 2 : List of the organisms trapped from the aerobiological
survey

Their population status
+++

Name of the trapped organisms
Aspergillus flavus
Aspergillus niger

4+

Aspergillus fumigatus ++
Aspergillus sp. +
Curvularia lunata ++4+
Alternaria humicola ++
Fusarium sp. ++
Penicillium rubrum ++
Penicillium sp.(green) +++
Penicillium sp.(yellow) +
Trichoderma atroviride karsten +++
Trichoderma citrinoviride ++
Helminthosporium sp. -
*+ - small population, ++ -moderate population, +++ - large

population
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Table 3 : Total no of microbes with the respective clones of tea
calculated as per the formula given by Dickinson (1971).

Clones of tea leaves* Total no of microbes

TV1 79.54
™V 61.07
V20 75.28
TV 23 696.02
TV 26 567.77
TV 27 1259.8
TV 29 113.63
TV 30 113.63
S3A3 33.09
Heelika 828.26
Paanitola 994.31

*TRA released clones

The moderate population was shown by Alternaria
humicola, Fusarium sp. Penicillium rubrum while
Aspergillus aureus, Helminthosporium sp, Penicil-
lium sp. and Aspergillus sp. exhibited least popula-
tion (Table 2). The total no of microbes ranged from
33.09 to 1259.8 in the phyllosphere. Maximum mi-
crobes were recovered from TV 27 clonal variety
of tea, while the minimum was recovered from S 3
A 3 (Table 3). Aspergillus niger was found to be
dominant in all the clones of tea followed by As-
pergillus flavus while the least dominance was ex-
hibited by Aspergillus nidulans, Cladosporium sp.
and Trichoderma citrinoviride (Table 4). The an-
tagonistic fungus grew over the colony of Corticium
theae and completely inhibited its growth. The in-
teraction was rated as Bii. Aspergillus niger and
Trichoderma atroviride inhibited the growth of
Corticium theae by 74.26% and 72.05% respec-
tively (Table 5). The mycelial growth measurement
of Corticium theae and the nine antagonists against
each other on Potato Dextrose Agar on the sev-
enth day after inoculation and per cent inhibition
of C. theae are summarized in Table 6.

Both antibiosis and parasitism play important role
in biocontrol of plant diseases. There are two ways
by which biocontrol agents can suppress the plant
pathogen: (i) production of antibiotics or (ii) pro-
duction of hydrolytic enzymes. Antagonistic micro-
organisms reduce growth, survival or infections
caused by pathogens by different mechanisms like
competition, antibiosis, mycoparasitism, hyphal in-
teractions, and enzyme secretion. The exploitation
of biocontrol agents for the management of plant
diseases have achieved greater significance in re-
cent times due to its readily available nature, anti-
microbial activity, easy biodegradability, non-phy-
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Table 4 : List of organisms isolated from the leaves of some clonal tea plants by leaf washing technique

Organism isolated Clones of tea

TV8 Tv20 Tv23 TV26

T™VZ7 TV29 V30 S3A3 Heelika Paanitola

Alternaria alternata - + + - _
Aspergillus flavus -

Aspergillus niger + -
Aspergillus nidulans - - -
Curvularia sp. - + -
Cladosporium sp. + - o
Fusarium sp. - + = "
Mucor sp. - - - -

o+ o+ 4
[ L] [}

Penicillium sp. + + - -
Trichoderma atroviride
Trichoderma citrinoviride - - - +

Ll
,
+
'
+ o+ o+ o+

+
+ 4+ 4

.
i

o+ o+ o+

‘ i

.
+ o+ +

+ +
'
'
I

Table 5 : In vitro colony interaction of the antagonists with the test
fungus (Corticium theae)

Name of the antagonist Type of colony interaction

Trichoderma atroviride Karsten Bi
Trichoderma citrinoviride Bi
Penicillium sp. (greyish green colony) A
Penicillium sp. (fluorescent green) D
Aspergillus niger Cc
Aspergillus flavus Bii
Aspergillus fumigatus Bii
Curvularia sp. A
Fusarium sp. D

A: Mutual intermingling growth, Bi: Overgrowth by antagonism,
Bii: Intermingling growth in which the test fungus under observa-
tion has ceased growth and is overgrown by another colony, C:
Light inhibition, D: Not detected

totoxicity, besides inducing resistance to host.
Satyanarayana (1968) studied the air spora of the
tea fields at Jorhat using the modified Durhams
spore trap. He reported about the spores of
Corticium and Cephaleuros in air. Maximum num-
ber of red rust spores was encountered during April

Table 6 : In vitro antagonism of fungal spp. against. Corticium theae

and May and it was observed to reach its peak in
the month of May. The population of leaf surface
propagules has also drawn considerable attention.
It is also known that these organisms play signifi-
cant role in the resistant mechanism of plants from
air borne plant pathogens. The reports of the in-
tensive investigations on the leaf surface mycof-
lora are given by Last and Deighton (1965). A sig-
nificant inhibitory activity was observed for A. niger
and T. viride isolated from the phylloplane of rub-
ber plant against Corynespora cassiicola causal
organism of Corynespora Leaf fall disease of rub-
ber (Evueh et al.2011). Interestingly the important
issue that must be noticed in the present work is
the effectiveness of Aspergillus niger, which ap-
pears to be the most effective antagonist in reduc-
ing the Black rot disease in tea under in vitro and
field conditions in Barak valley, South Assam.

In the present work a total of 15 fungal species have
been isolated and identified from the air and
phyllosphere of tea plantation area. Among them

Test mycoflora Control (mm) Interaction(mm) % growth inhibition of
Corticium theae

Trichoderma atroviride Karsten 81.6(10.49) 22.8(+0.18) 72.05
Trichoderma citrinoviride 81.6(10.49) 23.5(x0.91) 712

Penicillium sp. (greyish green colony) '81.6(10.49) 25.3(£1.2) 68.99
Penicillium sp. (fluorescent green) 81.6(10.49) 60.3(x2.1) 26.47
Aspergillus niger 81.6(+0.49) 21.00(x0.57) 74.26
Aspergillus flavus 81.6(+0.49) 28.5(10.75) 65.07
Aspergillus fumigatus 81.6(10.49) 24.00(+1.65) 70.58
Curvularia sp. 81.6(10.49) 30.00(10.04) 63.23

Fusarium sp. 81.6(10.49) 28.8(+0.88) 64.7

*Calculation done as per Fokkema (1973)
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Penicillium, Aspergillus, Fusarium and Curvularia
-are found to be dominated in all the conditions .To-

tal fungal population in the phyllosphere of clonal -

variety was highest in TV- 27 followed by Paanitola
and Heelika. Further investigations are required to
be carried out in order to get an insight on the prob-
ability of the production of mycotoxins on the pro-
cessed tea, if any and to reduce the possible con-
tamination of the same with the toxin-producing
micro-organisms in tea at large. The initial studies
gave positive indication to this effect (Dutta et al.,
2008).

REFERENCES

Baker,K.F. and Cook,R.J. 1974. Biological control of plant patho-
gens, W.H. Freeman and Co., San Fransisco.

Behrendt, U., Stauber, T. and Muller, T. 2004. Microbial communities
in the phyllosphere of grasses on fenland at different intensi-
ties of management. Grass and Forage Science 59, 169-
179.

Bhati, H.S. and Gaur, R.D. 1970 Studies on aerobiology- atmo-
spheric fungal spores. New Phytol. 82: 519-927.

Bordoloi,D.N. and Baruah, H.K 1967-68. Studies on distribution of
certain fungi in tea plantation soil and air. J. Univ. GU. XVII-
XIX Sci. 155-170.

Dickinson, C.H. 1971. Cultural studies of leaf saprophytes. In: Ecol-
bgy of leaf surface microorganisms. Ed.by TF. Preece and
C.H.Dickinson: Academic Press, London pp: 129-137.

Dixit,R.B. and Gupta, J.S. 1980. A comparative study of phyllosphere
and air spora of barley. Indian Phytopath. 33: 311-312.

Dixit,R.B. and Gupta, J.S. 1980. Seasonal and diurnal census of air
spora over barley field. Proc. Nat. Acad. Sci. India. 6(B), 1:
41,

Dutta, B.K. 1981. Studies on some fungi isolated from the rhizo-
sphere of tomato plants and the consequent prospect for the
control of Verticillium wilt. Plant and Soil. 63:209-216.

Dutta, B.K., Dutta,S. and Nath,P.K. 2004. Some observations on
the mycofiora of tea environment with special reference to
their mycotoxin producing potential in Black tea. int. J. Tea
Sci. 3: 129- 138.

Dutta, B.K., Dutta,S. and Nath,P.K. 2008. Mycotoxin production
potential of mycoflora in tea. Economic Crisis in tea Industry-
Strategies for sustainable management. Global Advances in
tea Science. Book no. 30. Stadium Press LLC, USA, 2008, pp
221-232. )

Dutta, S., Dutta,B.K. and Nath, PK. 2010. Comparative Study ofthe
Air, Phyllosphere and Soil Mycoflora of the Tea Plantation
Area of Cachar District, Assam Assam University Journal of
Science & Technology: Biological and Environmental Sci-
ences. 5 : 89-94.

On control of Black rot disease of tea

[J. Mycopathol. Res.

Ekanayaka, A. Kariyawasam,W.S. and Kanthasamy,P.1987. Astudy
on the microorganisms and their activities associated with
storage. S.L.J. Tea Sci. 56: 12-21.

Evueh, A.G, Okhuoya, J.A., Osemwegie, 0.0., Idress Hamad
Attitalla and Ogbebor, O.N. 2011. Evaluation of Phylloplane
Fungi as Biocontrol Agent of Corynespora Leaf Fall Disease
of Rubber (Hevea brassiliensis Muell.Arg.). World Journal
of Fungal & Plant Biology 2 : 01-05

Fokkema, N. J. 1973. The role of saprophytic fungi in antagonism
against Drechslera sorokiana on agar plates and on rye
leaves with pollen. Physiol. Pl. Pathol. 3: 195-205.

Kaiser, W.J. and Likezie, F.L. 1966. Influence of certain environ-
mental conditions on spore disposal and survival of
Cercospora havi from banana, Phytopathol. 56: 1290-1293.

Kinkel, L.L. 1997. Microbial population dynamics on leaves. An-
nual Review of Phytopathology 35 : 327-347.

L. Jose ., Perez .,. Victor French J ., Summy Kenneth R, Baines
Anita Davelos and Little Christopher R. 2009 Fungal
Phyllosphere Communities are Altered by Indirect Interac-
tions Among Trophic Levels. Microb Ecol. 57:766-774.

Last, F.T. and Deighton, F.C. 1965. The non parasitic microflora on
the surface of.living leaves. Transactions of the British My-
cological Society, 48: 83-99.

Lakhanpal, R.N. and Nair, PK.K. 1958. Survey of the atmospheric
pollen at Lucknow. J. Sci. Indust. Res. 17 : 80-87.

Osono, T. and Mori, A. 2004. Distribution of phyllosphere fungi
within the canopy of giant dogwood. Mycoscience 45 : 161-
168

Pady, S.M., Kramer,C L., Parhak, V.K., Morgan, F.|. and Bhatti,
M.A. 1965. Periodicity of air-borne cereal rust uredospores,
Phytopath. 55: 132-134.

Rajen,B.S.W., Nigam A and Sukla,B.K 1952, A study of atmospheric
fungal flora at Kanpur, Proc. Indian Acad. Sci. 35: 33-37.

Satyanarayana, G. 1968. A progress report on air spora studies
made during 1967 at Tocklai with particular reference to red
rust and Black rot (Tea). Two and a Bud. 15: 31-32.

Satpute,M., Dutta,B.K. and Rao,R.R. 1987. A comparative study of
the air phyllosphere and soil mycoflora of potato and paddy
fields of Shillong. J.Indian Bot.Soc. 66: 381-387.

Schnek, N.C. 1968. Incidence of air-borne fungus spores over
water melon fields in Florida. Phytopath. 58: 91-94.

Shivpuri,D.N., Vishwanathan,R. and Dua,K.L. 1960. Studies in
pollen allergy in Delhi area-1l. Survey of atmaspheric pollen.
Indian J.Med.Res. 48: 15-20.

Talley, S.M., Coley, PD. and Kursar, TA. 2002. The effects of
weather on fungal abundance and richness among 25 com-
munities in the Intermountain West. BMC Ecology 2, 7. [Online:
http:i/bmc.ub.uni-potsdam.de/ 1472- 6785-2-7/text.htm. ]

Tilak, S.T. and Babu,M. 1981. Aerobiological approach to leaf spot
disease of bajra. Indian J.Bot. 4: 87-90.

Wood, R.K.S. 1951. The control of diseases of lettuce by use of
antagonistic organisms. The control of Botrytis cinerea pers.
Annl. Appl. Biol. 38: 203.



