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The experiment was conducted in 2013 at the experimental field of Department of Plant Pathol-
ogy, SASRD, Nagaland University, Medziphema Campus. The systemic fungicide metalaxyl
(Ridomil MZ72WP) and the fungal biocontrol agent Trichoderma viride were sprayed at 0.3%
180 DAP (days after planting) on field grown colocasia leaves. Five leaves were sampled from
each replication under the treatments randomly 1 day before treatment (DBT) and at 1, 3, 5and
7 days after treatment (DAT). Leaf washing method was followed and Martin's Rose Bengal
Agar was used for isolation of phylloplane mycoflora. Eleven fungal species viz. Phytophthora
colocasiae, Cladosporium herbarum, Penicillium citrinum, Aspergillus niger isolate1, Aspergil-
lus niger isolate 2, Penicillium mixture, Mucor hiemalis, Penicillium oxalicum, Cladosporium
macrocarpum, Curvularia lunata and Ulocladium botrytis were observed in case of T. viride
spray and 8 fungal species viz. P. colocasiae, C. herbarum, P. citrinum, A. niger isolate1, A.
nigerisolate 2, Penicillium mixture, M. hiemalis and C. macrocarpum were observed in metalaxyl
spray. Foliar spray with metalaxyl resulted in significant increase in the foliar population of C.
herbarum and P. citrinum, whereas that of P. colocasiae, A. niger isolate1, A. niger isolate2,
Penicillium mixture, M. hiemalis and C. macrocarpum decreased significantly. In response to T.
viride spray, C. herbarum, A. nigerisolate 1, A. nigerisolate 2, M. hiemalis and C. macrocarpum
increased significantly and P. colocasiae, P. citrinum, P. oxalicum, C. lunata and U. botrytis
decreased significantly. Seven days after treatment only 4 fungal species were observed from
metalaxyl sprayed leaves compared to 8 from T. viride treated and 10 from water-sprayed
(control) colocasia leaves.

Key words: Phytophthora colocasiae, metalaxyl, Trichoderma viride, phylloplane, colocasia,
mycoflora

INTRODUCTION

Colocasia esculenta L. (Schott), also known as
‘Taro’ is a tropical plant belonging to the family
Araceae. Colocasia are herbaceous plants up to 2
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meters tall and have underground corms. The
leaves are large with long petiole clasping at the
base. The vegetative growth period of the crop
coincides with rainy season or the monsoon pe-
riod, the crop suffers heavily from Phytophthora
blight disease caused by Phytophthora colocasiae
Raciborski.
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In Nagaland, colocasia occupies fifth position in
terms of area under cultivation. Colocasia was cul-
tivated in an area of 5100 ha with the total produc-
tion of 48490 metric tons (Statistical Handbook of
Nagaland, 2011). The crop, in Nagaland is culti-
vated primarily under rain-fed conditions and in
jhum fields either as mono or mixed-crop with no
or least amount of chemical inputs. A preliminary
survey of colocasia diseases in Nagaland indicated
that Phytophthora blight is the major bottleneck in
its cultivation. Though there have been several
effective chemical fungicides reported till date for
oomycetous plant pathogens like P. colocasiae, the
non-acceptance of chemical strategy by the
Nagaland farmers warrant the researchers to de-
vise organic strategies to ward off the disease prob-
lem.

Of several strategies available, role of microorgan-
isms present on the leaf surface or phylloplane of
colocasia remains to be explored. In recent times,
the potential of phylloplane microflora in the bio-
logical control of foliar plant pathogens has become
focal point of the research investigation in various
crops. The term phylloplane is known to be the
habitat on the leaf surface of a diverse group of
microorganisms ranging from saprophytes to
biotrophs (fungi, bacteria, actinomycetes etc.)
whose population is dynamic being in a continu-
ous state of interaction among them. Their inter-
action may have a stimulatory or inhibitory or some-
times no effect on the pathogenic microorganisms
which are also present on the leaf surface at least
for sometime before invading the host. The stimu-
latory and inhibitory effects result in correspond-
ing increase and decrease in the incidence and
severity of the disease caused by the pathogenic
species. Many different microorganism spores and
other propagules are likely to be randomly depos-
ited on plant surfaces, in particular on leaf surfaces.
Some of these, called transients (Forrester and
Hokkanen,1994; Bonnen and Hopkins, 1997), will
die or remain dormant until they are transferred to
other, more suitable media, while others, may ger-
minate under suitable conditions or start to colo-
nize the leaf by other means, but die soon after-
wards. Some of these microorganisms however,
called residents (Andrews and Kinkel, 1986), may
survive on the leaf surface for a longer period and
together form the microflora of the phylloplane.
Under suitable conditions, some may enter the leaf
through stomata or wounds, or penetrate the epi-
dermis directly. Those that do enter the leaf may
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grow successfully inside the leaf as endophytes,
as symbionts or as parasites that cause disease.
Filamentous fungi are considered transient inhab-
itants of leaf surfaces, being present predominantly
as spores, whereas rapidly sporulating species and
yeasts colonize this habitat more actively. Foliar
application of fungicides on phylloplane mycoflora
of Makoi (Solanum nigrum L.) leaf using Dithane
M-45, Bavistin and Blitox and found that the leaves
treated with fungicides have decreased number of
fungal flora (Chauhan et al., 2011), similarly foliar
application of Benlate on Solanum nigrumL. re-
sulted in qualitative and quantitative differences in
the fungal population after treatment with the fun-
gicide and the fungal population increased as the
leaves matured (Chauhan and Jain, 2011).
Phytophthora leaf blight of colocasia caused by
Phytophthora colocasiae, an oomycetous patho-
gen is the most common foliar disease of colocasia
in Nagaland. Metalaxyl is the systemic fungicide
that is effective and recommended for oomycetous
pathogens. However, its impact on the other
phylloplane fungi on colocasia leaves is unknown.
Hence, considering the importance of colocasia
locally the present investigation was conducted.

MATERIALS AND METHODS

The research investigation was conducted in the
experimental farm and laboratory of Department
of Plant Pathology, School of Agricultural and Ru-
ral Development, Nagaland University,
Medziphema Campus, during the year 2012-2013.

Colocasia cultivar Balsan obtained from
Medziphema Town, Dimapur District of Nagaland
was used for the experiment. Tubers were planted
in soil at a depth of 8 cm, maintaining a distance of
60 cm row to row and 40 cm plant to plant, thus to
accommodate twenty nurnber of plants in 4 rows
in each plot. The experiraent was conducted fol-
lowing Randomized Block Design with a total of 3
treatments replicated three 3 times. The plot sizes
were 2.4x2.0m2. Planting was done on the 14 of
April, 2012. Two fungicides viz. one chemical fun-
gicide metalaxyl (Ridomil MZ 72WP) @ 0.3% and
the other a bio-fungicide ! Trichoderma viride, cfu-
5x106/g) @ 0.3% were used for foliar spray. Con-
trol plots were maintained where only tap water
was sprayed. At 180 DAF', 5 leaves were sampled
from each plot randomly, one day before treatment
(DBT) and at 1, 3, 5 and 7 days after treatment
(DAT) respectively, to study the effects of foliar
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spray on the phylloplane mycoflora.

Isolation of and identification of phylloplane
mycoflora

All the isolation techniques carried out in this ex-
periment were performed in an aseptic environ-
ment inside the laminar air flow chamber. Strict pre-
cautions were taken to avoid any kind of contami-
nation. The leaf samples were collected separately
in plastic bags from the field and taken to the labo-
ratory to carry out the required isolation proce-
dures. Five leaf samples from the basal part of the
plant (Bainbridge and Dickinson, 1972) were col-
lected separately according to the treatments in
polythene bags for estimating fungal population
using leaf washing method. Inside the laminar air
flow chamber the leaf samples were cut into forty
leaf bits of 5.0x5.0 mm2 size. Then the leaf bits
were transferred into a 250 ml sterilized conical
flask containing 100 ml of sterile distilled water. The
flask was thoroughly shaken for 20 minutes so that
all the fungal propagules present on the leaf sur-
face would be washed into the water. One ml of
leaf washing was then transferred into a sterilized
Petri-dish containing Martins agar medium (Mishra
and Tewari, 1969) with the composition as follows:
distilled water 1000 ml, agar agar 20 g, KH,PO,-
1g, MgS04-0.5g, peptone-5 g, dextrose-10 g, Rose
Bengal-0.033 g, and streptomycin-0.033 g . Three
Martin’s agar plates were inoculated and maintain
as replications. The inoculated plates were sealed
with Petri seal and then, they were incubated at
room temperature (28+2°C). Observation was re-
corded on types of fungal species, colour and num-
ber of colonies of each fungal species at 2-7 days
after inoculation.

The fungal colonies thus obtained were further
purified and maintained in PDA (Potato Dextrose
Agar: distilled water-1000 ml, peeled potato 200
g, dextrose-20 g and agar agar- 20 g) slants. The
typical identifying characters of each of the
phylloplane mycoflora were photographed using a
digital microscope. The cultural, morphological and
photographic descriptions, thus obtained were
compared with description given in “Handbook of
Soil Fungi” authored by A. Nagamani, |.K. Kunwar,
and C. Manoharachary for identification. Further
identification of all the phylloplane fungi isolated in
this investigation was also made by ITCC (Indian
Type Cultural Collection), Division of Plant Pathol-
ogy, IARI (Indian Agricultural Research institute),
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New Delhi 110012, basing on their cultural and mor-
phological characteristics.

RESULTS AND DISCUSSION

The fungi isolated from the phylloplane of colocasia
are identified as given in Table 1. Data presented
in Table 2 demonstrate the results of the effect of
foliar spray on colocasia with metalaxyl and Tri-
choderma viride. 8

Effect of foliar spray of metalaxyl (Ridomil MZ
72 WP) and Trichoderma viride

The research investigation on the effect of foliar
spray with metalaxyl and Trichoderma viride on the
phylloplane mycoflora of colocasia resulted in iso-
lation of several fungal species. The treatments
under study showed changes in qualitative and
quantitative composition of phylloplane mycoflora
of colocasia in various dates of isolation. Altogether
eleven 11 fungal species viz. Phytophthora
colocasiae, Cladosporium herbarum, Penicillium

Table 1 : Phylloplane mycoflora of colocasia and their taxonomic

positions
Fungal species Kingdom Class ITCC Ref. No.
Phytophthora Chromista Oomycetes 9037.13
colocasiae
Cladosporium Fungi Dothideomycetes 9038.13
herbarum
Penicillium citrinum  Fungi Eurotiomycetes  9039.13
Aspergillus niger Fungi Eurotiomycetes ~ 9040.13
isolate 1
Aspergillus niger Fungi Eurotiomycetes  9041.13
isolate 2
Penicillium mixture  Fungi Eurotiomycetes  9042.13
Mucor hiemalis Fungi Zygomycetes 9043.13
Penicillium oxalicum  Fungi Eurotiomycetes:  9044.13
Cladosporium Fungi  Dothideomycetes 9045.13
macrocarpum
Curvularia lunata Fungi Euascomycetes  9046.13
Ulocladium botrytis ~ Fungi Dothideomycetes 9047.13

citrinum, Aspergillus niger isolate1, Aspergillus
nigerisolate 2, Penicillium mixture, Mucor hiemalis,
Penicillium oxalicum, Cladosporium macrocarpum,
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Curvularia lunata and Ulocladium botrytis were
observed in case of Trichoderma viride spray and
8 fungal species viz. P. colocasiae, C. herbarum,
P. citrinum, A. niger isolate1, A. niger isolate 2,
Penicillium mixture, M. hiemalis and C.
macrocarpum were observed in metalaxyl spray
in different dates of isolation. The highest average
number of colony count (3.22) for P. colocasiae
was observed in T. viride spray at 5 DAT, that of
C. herbarum in Ridomil spray at 7 DAT (16.33), P.
citrinumin T. viride spray at 1 DAT (32.88), A. niger
isolate 1 in Ridomil spray at 3 DAT (1.44), A. niger
isolate 2 in T. viride spray at 7 DAT (0.78), Penicil-
lium mixture in Ridomil spray at 3 DAT (0.77), M.
hiemalis in T. viride spray at 7 DAT (2.33), P.
oxalicum in T. viride spray at 1 DBT (0.22) and in
control at 1 DAT (0.22), C. macrocarpum in both
control and T. viride spray at 7 DAT(0.22), C. lu-
nata in control and T. viride spray at 3 DAT (0.11)
and in control at 5 DAT (0.11), U. botrytis in T.
viride spray at 5 DAT (0.33) as given in Table 2.

It was observed that the foliar spray with metalaxy!
(Ridomil MZ 72WP) and T. viride showed signifi-
cant increase and decrease in the phylloplane
population respectively. Metalaxyl spray at 7 DAT
resulted in yield of only four fungal species P.
colocasiae, C. herbarum, P. citrinum and M.
hiemalis compared to 10 fungal species in control.
Out of the four fungal species, the average colony
count of P. colocasiae and P. citrinum was reduced
from 1.89 in control to 0.77 and 11.00 in control to
4.66 respectively. However, that of C. herbarum
and M. hiemalis increased significantly. On the
other hand, with T. viride spray, colony count of C.
herbarum, A. niger isolate 1, A. niger isolate 2, M.
hiemalis and C. macrocarpum increased signifi-
cantly and P. colocasiae, P. citrinum, P. oxalicum,
C. lunata and U. botrytis decreased significantly.
Similar type of observation was reported by Mehan
and Chohan (1981) on groundnut that foliar treat-
ments with fungicides have correlation with the in-
crease and decrease in the phylloplane mycoflora.
Southwell et al. (1999) observed that spray on
barley and wheat with mancozeb reduced the fun-
gal population and triadimefon had only a minor
effect on the fungal population. The findings of
these workers fully support the present result. Of
all the phyllplane mycoflora of colocasia isolated
in the present study, C. lunata was the least abun-
dant and C. herbarum was the most abundant with
average colony count of 0.02 and 5.35 respectively

Pezangullie Chakruno and Susanta Banik

147

considering all the dates of isolation from all treat-
ments. It seems logical to point out that some fluc-
tuation in the data were observed which might have
correlation with the rainfall that was observed while
carrying out this experiment. T. viride foliar appli-
cation was done 180 DAP. But subsequent isola-
tion of phylloplane mycoflora after foliar spray did
not yield T. viride which indicates that T. viride could
not survive on phylloplane. However, its metabo-
lites or contents of dead cells released in on
phylloplane could have favoured and/or prevented
the growth of other mycoflora.
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