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The present investigation was carried out with the objective of isolating fungal endophytes from Cherry
tomato plant commonly cultivated in Nagaland, India. Forty fungal endophytes were isolated from 540
segments of different plant parts (leaf, stem and root) and at different growth stages (seedling, vegeta-
tive and maturity) and by using three different isolation media (Malt Extract Agar, Potato Dextrose Agar and
Rose Bengal Agar). Out of 40 endophytes 13 could be identified at genus level. The most common
endophytes isolated from different growth stages of seedling, vegetative and maturity were FEO06 (Fusarium
sp.), FEO9 and FE29 with colonization frequency of 6.67%, 55.56% and 65.56%. Whereas the most
common endophytes from different plant parts of root shoot and leaf were FE03, FEO7 and FE29 with
colonization frequency of 11.11%, 22.22% and 50.00%. MEA and PDA were found to be more promising

as a culture medium for isolation.

Key words: Cherry tomato, colonization frequency, Chaetomium, diversity, fungal endophyte, Fusarium,
Pythium
INTRODUCTION secondary metabolites withimmense beneficial role

It is an accepted characteristic of endophytes that
they are not harmful to the host plant. Endophytes
also include “bacteria to insects colonizing inside
any organ of the plant with inconstant lifestyles”
(Schulz and Boyle, 2005).Endophytic studies
started with temperate plants but now it is common
to find studies on tropical plants and plants from all
the geographical regions of the world.
(Suryanarayanan and Vijaykrishina, 2001; Azevedo
and Araujo, 2007; Mishra et al. 2012).

Fungal endophytes have been reported from all
parts including root, shoot and leaf of plant (Schulz
and Boyle, 2005; Rodriguez et al. 2009).As a mat-
ter of fact, many endophytic microbes could be
unculturable. They are found in all plant species
known till date. It is believed that the endophytic
fungi have been in close association with plant host
for more than 400 million years (Krings et al.2007).
Most of the endophytic fungi are members of
Ascomycota, while some belong to true fungal
groups Basidiomycota and Zygomycota and some
in Oomycota (pseudofungi or protists).

Endophytic fungi are the storehouse of several
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to plants where they exist (Li et al. 2005;
Gunatilaka, 2006; Suryanarayanan et al.2009).
The volatile organic compounds of some endophytic
fungi exhibit killing effect on harmful pathogens like
fungi and bacteria (Strobel, 2006; Mitchell et al.
2010). Endophytes are now known to promote plant
growth, improve tolerance to biotic and abiotic
stresses and improve overall fitness of plants in
the ecosystem (Ting et al. 2008; Saikkonen et
al.2010).

Presently endophytes are being explored for utili-
zation as potential antagonists to manage plant
pests including disease causing organisms
(Backman and Sikora, 2008; Li et al.2014). Reports
of endophytes from various crop plants from di-
verse geographical regions are forthcoming. In this
respect, a need was felt to isolate and understand
the diversity of fungal endophyte from cherry to-
mato (Solanum lycopersicum var. cerasiforme) that
is quite commonly cultivated in Nagaland with the
aim of discovering some potential fungi for various
agricultural uses.

MATERIALS AND METHODS

The present study was carried out in the labora-
tory of Department of Plant Pathology, School of
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Agricultural Sciences and Rural Development,
Nagaland University, Medziphema Campus situated
at 25°45"43" N latitudes and 93°53"04" E longitudes
at an elevation of 305 m above mean sea level.

Culture medium

Endophytic fungi of Cherry tomato plant were iso-
lated using three different laboratory media which
are described below.

Potato Dextrose Agar (PDA)

Potato Dextrose Agar (PDA) (peeled potato-20 g,
dextrose-20 g, agar-agar — 20 g and distilled wa-
ter- 1000ml) was prepared by peeling the potatoes
following the method of Jahan et al. (2013). An
amount of 200 g of peeled potatoes was weighed
and the peeled potatoes were sliced into small
pieces and boiled it in 500 ml of distilled water until
it became soft. The potato extract was filtered
through a muslin cloth in a beaker and 20 g of dex-
trose was added to it. In another 500 ml of distilled
water 20 g of agar-agar was taken and allowed to
boil till it dissolved. The two solutions were then
mixed properly and made up to 1000 ml and were
transferred to 250 ml of conical flask @150 ml/flask.
The flasks were plugged with non-absorbent cot-
ton and autoclaved at 15 psi pressure, 1210 C tem-
perature for 20 mins.

Malt Extract Agar (MEA)

Malt extract agar (MEA) (malt extract — 20 g, agar-
agar — 20 g and distilled water- 1000 ml) was pre-
pared as suggested by Nagamani et al. (2006) by
weighing 20 g of malt extract and boiling it in 500
ml distilled water and in another 500 ml distilled 20
g of agar-agar was taken and allowed to boil till it
dissolved. The two solutions were mixed properly
and made up to 1000 ml and were transferred to
250 ml conical flask @150 ml/flask. The flasks were
plugged with non-absorbent cotton and autoclaved
at 15 psi pressure, 121°C temperature for 20 mins.

Rose Bengal Agar medium

All the ingredients as suggested by Tsao (1964) —
ie., dextrose- 10 g, yeast extract — 0.50 g, KH,PO,
-0.509, K,HPO,-0.50 g, MgSO,.7H,0 - 0.50 g, Pep-
tone -0.50 g, Rose Bengal - 0.05 g, Agar-agar -
17.00 g and Streptomycin - 0.03 g were dissolved
in distilled water and mixed along with the 17g agar
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and transferred into 250 ml conical flask @150 ml/
flask and autoclaved at 15psi pressure, 121° C tem-
perature for 20 mins.

Isolation of fungal endophytes

Sample collection. The tomato plant samples for
isolation and identification of endophytes were col-
lected from the shade net house located at the
department of plant pathology and brought to the
laboratory. The isolation procedures were carried
out inside the laminar air flow chamber in an asep-
tic condition.

Surface sterilization. The collected samples were
washed in running water and surface sterilized by
dipping in 70% ethanol for 1 min followed by dip-
ping in 5% sodium hypochlorite solution for 5 min.
The surface-sterilized plant samples were washed
three times using sterile water to remove traces of
sodium hypochlorite (Wiyakrutta et al. 2004).

Isolation procedure. After drying the samples, seg-
ments of approximately 1cm squares were cut and
placed on Petri plates containing potato dextrose
agar medium (PDA), Malt Extract Agar (MEA), Rose
Bengal Agar, supplemented with streptomycin (100
mg/L) to suppress bacterial growth and incubated
at 27°C for 4 days. The fungal colonies thus ob-
tained were purified and maintained in PDA slants.

Data recording

The Petri plates were observed after 3-4 days of
incubation. The parameter under which the fungal
endophytic growths were observed is: colony colour,
colony structure and colony number. The coloni-
zation frequency (CF) of a single endophyte spe-
cies was calculated according to the formula given
below (Petrini et al. 1982).

Total no. of segments
yielding >1 isolates

Colonization frequency = x100

Total no.of segments incubated

Characterization and identification

The pure cultures of isolates were observed under
compound microscope for studying the morphologi-
cal characters of the fungal hyphae and their
breadth. Preliminary identification was made based
on the cultural and morphological characteristics.
Photo micrographs of each fungal endophyte de-
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picting the characteristic features were taken and
measurements of the conidia were taken at mi-
crometer scale using the inbuilt camera software
under 40X objective lens.

RESULTS AND DISCUSSION

Isolation of fungal endophytes at different
growth stages and parts of tomato plant

In the present investigation fungal endophytes were
isolated from different growth stages viz., seedling,
vegetative, maturity and different parts (leaf, shoot
and root) of tomato plant. A total of 40 fungal en-
dophytes (FEO1 to FE40) were isolated from 540
segments in the laboratory from different growth
stages and different parts of tomato plant (Tablel).
Among the different growth stages, 24 fungal en-
dophytes were isolated from seedling stage fol-
lowed by 14 fungal endophytes in vegetative stages
and 13 in maturity stage. Among the plant parts,
highest number of fungal endophytes were isolated
from shoot (27) followed by 15 in leaf and 13 in
root. From different stages, isolated fungal endo-
phytes like FEO1, FEO4, FE12, FE13, FE15, FE20,
FE21, FE22 (Fusarium sp.), FE32 (Aspergillus sp.),
FE33 (Curvularia sp.), FE37 (Cladosporium sp.)
and FE38 were found only in seedling stages
whereas, FEQ7, FEO08, FE11 (Fusarium sp.), FE16,
FE18 and FE19 were isolated only from vegetative
stage. Fungal endophytes FE25, FE26, FE27,
FE29, FE30, FE39 (Fusarium sp.) and FE40 were
isolated from maturity stage. Among plant parts,
fungal endophytes FEO5, FE13, FE23, FE25,
FE30, FE31 (Verticillium sp.) and FE35 (Asperqgil-
lus sp.) were found only in leaf whereas, FEO1,
FEO4, FE18, FE20, FE21, FE24, FE26, FE27,
FE29, FE30, FE32 (Aspergillus sp.), FE33
(Curvulariasp.), FE37 and FE38 were isolated only
from shoot of tomato plant. Fungal endophytes
FEO8 (Chaetomium sp.), FE16, FE19, FE22
(Fusarium sp.), FE28 (Fusarium sp.), FE35 (As-
pergillus sp.), FE39 (Fusarium sp.) and FE40 were
isolated from root only.

From different growth stages of tomato plant, spe-
cies richness of fungal endophytes was recorded
highest from seedling stage (24). Previous report
revealed the same result with highest species di-
versity of fugal endophytes in seedling stage (19)
as compared to flowering (16) and fruiting stage
(15) in chilli plant (Paul et al. 2012). From different
plant parts of tomato plant highest species diver-
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sity of fungal endophytes was found in shoot (25).
Similar results were also found by Zheng et al.
(2013) and Li et al. (2014). They also reported high-
est species diversity of fungal endophytes from
stem part of the plants Camellia oleifera and cot-
ton.

While recording the occurrence of endophytes from
different segments, their colonization frequencies
(Tables 2 and 3) from different stages and plant
parts were also calculated. Out of the 40 fungal
endophytes 13 could be identified at genus level
and 27 fungal endophytes were denoted by num-
bers as they were not found to be sporulating. The
most common endophytes isolated from seedling
stage were from FE11 (Fusarium sp.) and FE13
with colonizing frequency of 6.67%, and that from
vegetative stage was FEQ9 with colonizing fre-
guency of 55.56% followed by maturity stage (FE29
with colonizing frequency of 65.56%). Whereas the
most common endophyte isolated from root was
from FEO3 with colonizing frequency of 11.11%, that
from shoot was FEO7 with colonizing frequency of
22.22% and from leaf was FE29 with colonizing fre-
quency of 50.00%. Among all the isolated fungal
endophytes FE29 was found to be predominant with
higher colonizing frequency of 65.56% in different
stages of tomato plant and 50.00% colonizing fre-
guency in different parts of tomato plant. Fusarium
sp. was the most dominant genus found in all the
three different growth stages and plant parts of
tomato plant. It is reported by Rodriguez et al.
(2008) that Fusarium culmurom colonize almost all
the non-embryonic tissue of coastal dunegrass
(Leymus mollis).

It was also observed (Table2) that more numbers
of endophytes were found in seedling stage (24)
with less colonizing frequency but as the stages
progress, in maturity stage (13), a smaller number
of endophytes was found with higher colonizing fre-
guency as compared with the seedling stage. Re-
sult of the present investigation showed that as the
tissue aged, more colonizing frequency of the fun-
gal endophytes was observed. This finding is in
accordance with previous report on the endophyte
colonizing frequency of Enterpe oleracea where it
was extremely influenced by the age of the foliage.
In the present study leaf was recorded with highest
colonizing frequency of endophytes (Table 3) as
compared to shoot and root. The highly possible
reasons are that leaf has larger surface area, more
exposed to outer environment and through which
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Table 1: Fungal endophytes isolated at different growth stages and different parts of tomatoplant

Growth
stages Seedling Vegetative Maturity Total
Plant parts FEO5, FE12, FE13, FE15, FEO7, FE06 (Fusarium FE14, FE23, FE25, 15
Leaf FE17, FE35 (Aspergillus sp.), FE09, FE10 FE30,
sp.), FE23, FE31 (Fusarium sp.) FE31 (Verticillium sp.)
(Verticillium sp.)
FEO1, FEO4, FEQ9, FE12, FEO7, FE09, FE11 FEO2 (Pythium sp.), 25
Shoot FE14, FE15, FEO3, FE20, (Fusarium sp.), FE17, FE24, FE26, FE27,
FE24, FE32 (Aspergillus FE18, FE24, FE10 FE29, FE30
sp.), FE33 (Curvularia (Fusarium sp.)
sp.), FE37 (Cladosporium
sp.), FE36, FE10
(Fusarium sp.), FE21,
MS38
FEO06 (Fusarium sp.), FEO2 (Pythium sp.), FEO3, FE28 13
Root FE22 (Fusarium sp.) FEO08 (Chaetomium (Fusarium sp.), FE39
sp.), FE11 (Fusarium (Fusarium sp.), FE40
sp.), FE16, FE19, FE35
(Aspergillus sp.), FE36
Total 24 14 13

the airborne and water-dispersed spores can eas-
ily enter through the stomata (Gond et al. 2010).

Endophytes are ubiquitous and may grow within
roots, stems and/or leaves (Stone et al., 2004). The
result obtained from the present study differ from
those findings by James and Mathew (2015) who
isolated 42 fungi isolated from root and 26 from
the shoot of tomato plant from Kerala. However,
since external factors plays an important role in
endophytic population, variations in endophytic
population occurs due to samples collected from
different agro-climatic zones. Fungal endophytes
species communities are also vividly affected by
the different types of plant tissues (Guo et al.2008)
and also it may be due to competition between the
same species; antagonism among the endophytes
also leads to replacement of one species by an-
other (Yan et al. 2015).

Isolation of fungal endophytes on different media
Three different media PDA (Potato dextrose agar),

MEA (Malt extract agar) and (Rose Bengal agar)
were used for the isolation of fungal endophytes

from tomato plant and out of the three media high-
est number of colony (26) was recorded on MEA
followed by PDA (25) and RBA (8) (Table 4). It was
observed that use of MEA media produced 14 dif-
ferent unique colony followed by 11 in PDA, whereas
RBA did not produce any uncommon colony. Stone
et al. (2004) reported that malt extract was most
commonly used for endophytes isolation and use
of selective media leads to discovery and enumera-
tion of different endophytic fungi.

Identification of fungal endophytes

The fungal endophytes isolated were character-
ized and an attempt was made to identify them
based on their colony characters, hyphal septa-
tion, spore size and breadth of the hypha. Most of
the endophytes isolated in the experiment did not
produce spores but they showed distinct morpho-
logical or mycelia characteristics. Therefore, the
endophytic fungi were named as FEO1 (fungal en-
dophyte) FEO2, FEO3 and so on. Out of 40 iso-
lated fungal endophytes 13 were identified at ge-
nus level which are FEO2 (Pythium sp.), FEO6
(Fusarium sp.), FEO8 (Chaetomium sp.), FE10
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Table 2: Colonization frequency of fungal endophytes at different ~ Table 3:Colonization frequency of fungal endophytes at different
growth stages of tomato plant parts of tomato plant

o Colonization frequency (%)
Colonization frequency (%)

Fungal Endophytes Seedling  Vegetative  Maturity Fungal Endophytes Root Shoot  Leaf
FEO1 2.22 0.00 0.00 FEOL 000 222 000
FEO2 (Pythium sp.) 0.00 111 3.33 FEO2  (Pythium sp.) 11 333  0.00
FEO3 0.00 0.00 11.11 FEO3 1111 333 0.00
FEO4 3.33 0.00 0.00 FE04 000 333 000
FEO5 2.22 0.00 0.00 FEOS 000~ 000 222
FEO6 (Fusariumsp.) 444 1556 0.00 FEOS  (Fusarium Sp.) 444 000 1556
FEO7 000 2667 0.00 FEO7 000 2222 444
FEO8 (Chaetomium sp.) 0.00 778 0.00 FEO8  (Chaetomium sp.) 7.78 0.00 0.00
FE09 2.22 55.56 0.00 FEO9 0.00 13.33  44.44
FE10 (Fusariumsp.) 1.11 2.22 0.00 FE10  (Fusarium sp.) 000 222 111
FE11 (Fusarium sp.) 6.67 4.44 0.00 FE11  (Fusarium sp. 3.33 1.11 0.00
FE12 2.22 0.00 0.00 FE 12 000 111 111
FE13 6.67 0.00 0.00 FE 13 000 222  4.44
FE14 333 0.00 333 FE 14 0.00 333  3.33
FE15 2922 0.00 0.00 FE 15 0.00 111 1.11
FE16 0.00 1.11 0.00 FE 16 1.11 0.00  0.00
FE17 3.33 2.22 0.00 FE 17 0.00 222 3.33
FE18 0.00 2.22 0.00 FE 18 000 111 000
FE19 0.00 0.00 2.22 FE 19 222 000  0.00
FE20 111 0.00 0.00 FE 20 000 111  0.00
FE21 111 0.00 0.00 FE 21 0.00 11 0.00
FE22 (Fusarium sp.) 111 0.00 0.00 FE 22 (Fusarium sp.) 1.11 0.00 0.00
FE23 2.22 0.00 0.00 FE 23 0.00 000  3.33
FE24 3.33 2.22 111 FE 24 0.00 7.78  0.00
FE25 0.00 0.00 3.33 FE 25 0.00 0.00  3.33
FE26 0.00 0.00 7.78 FE 26 0.00 7.78 0.0
FE27 0.00 0.00 1.11 FE 27 0.00 1.11 0.00
FE28 (Fusarium sp.) 0.00 0.00 7.78 FE 28  (Fusariumsp.) 778 000 000
FE29 0.00 0.00 65.56 FE 29 0.00 1556  50.00
FE30 000 0.00 32.22 FE 30 0.00 10.00 22.22
FE31 (Verticillum sp.) 1.11 0.00 1.11 FE 31  (Verticilium sp.) 000 000 222
FE32 (Aspergilus sp) 111 0.00 0.00 FE 32 (Aspergillus sp.) 000 111  0.00
FE33 (Curvularia sp.) 1.11 0.00 0.00 FE 33 (Curvularia sp.) 0.00 111 0.00
FE34 1.11 0.00 0.00 FE 34 0.00 0.00 111
FE35 (Aspergillus sp.) 0.00 1.11 0.00 FE 35 (Aspergillus sp.) 1.11 0.00 0.00
FE 36 0.00 1.11 0.00 FE 36 1.11 0.00  0.00
FE37 (Cladosporiumsp.) 1.1 0.00 0.00 FE 37 (Cladosporium sp.) 111 111 0.00
FE38 111 0.00 0.00 FE 38 0.00 111 0.00
FE 39 (Fusarium sp.) 0.00 0.00 111 FE 39 (Fusarium sp.) 11 0.00 0.00

FE 40 0.00 0.00 111 FE 40 im 000 000
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Table 4: Fungal endophytes of tomato plant using different media
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Media

Endophytes diversity on different media

No. of endophytes
recorded

Potato dextrose agar
(PDA)

FEO1, FEO3, FEO4, FEO5, FEO6 (Fusarium sp.), FEO7, FEO8
(Chaetomium sp.), FE09, FE10 (Fusariumsp.)*, FE11

25

(Fusarium sp.), FE13, FE14, FE15*, FE21*, FE22 (Fusarium
sp.), FE23*, FE27*, FE28 (Fusarium sp.)*, FE29, FE30,
FE32 (Aspergillus sp.)*, FE36*, FE37 (Cladosporium sp.)*,

FE39 (Fusarium sp.)*, FE40*

Malt extract agar (MEA)

FEO2 (Pythiumsp.)*, FEO3, FE04, FE06 (Fusarium sp.),

FEO08 (Chaetomium sp.), FE09, FE11 (Fusarium sp.), FE12
* FE13, FE14, FE16*,FE17*, FE18* FE19* FE20*,
FE24,FE25*, FE26*, FE29, FE30, FE31 (Verticillium sp.)*,
FE33 (Curvularia sp.)*, FE34*,FE35 (Aspergillus sp.)*, FE38*

Rose Bengal agar (RBA)

26

FEO5, FEO6 (Fusarium sp.), FEO7, FEO8 (Chaetomium sp.),

FE09, FE13, FE22 (Fusarium sp.), FE24.

* indicate the unique colony obtained from each of the media (PDA and ME)

(Fusarium sp.), FE11 (Fusarium sp.), FE22
(Fusarium sp.), FE28 (Fusarium sp.), FE31 (Verti-
cillium sp.), FE32 (Aspergillus sp.), FE33
(Curvulariasp.), FE35 (Aspergillus sp.), FE36
(Cladosporuim sp.) and FE39 (Fusarium
sp.).Endophytes mostly belong to Ascomycota
(Schulz and Boyle, 2005; Rodriguez et al., 2009).
Some endophytic fungi have also been reported
from Basidiomycota, Zygomycota and Oomycota.

Different types of Fusarium sp. were isolated from
the roots of tomato plants in different crop areas in
Columbia by Andrade-Linares (2011). Fungal en-
dophytes like Fusarium culmorum, Colletotrichum
spp. and Curvularia protuberata were isolated from
roots, rhizomes, stems and leaves. Dark sepate
endophytes like DSE48, DSE49 and Leptodontidi-
umorchidicola are also reported to be isolated from
tomato plant (Rodriguez et al. 2008). Kim et al.
(2007) also reported the isolation and identifica-
tion of two Chaetomium sp. from tomato plant.

Several other endophytic fungi viz., Nigrosporasp.,
Fusarium oxysporum, F. chlamydosporum, Chryso-
sporium sp., Trichoderma hamatum and T. pseu-
dokoningii(Obura,2010), Metarrhiziu manisopliae
(Elena et al. 2011), Colletotrichum gloeosporioides,
Alternaria alternata, Cladosporium sp. and Peni-
cillium sp. (Larran et al. 2001) etc. were isolated
from tomato plants.

However, fungal endophytes like Trichoderma,
Penicillium, Alternaria and Colletotrichum reported
by others were not isolated in the present investi-
gation as endophyte composition of plant depends
on host factors like plant type, plant age, plant tis-
sue type and climatic and soil factors (Torres et al.
2011).
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