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ABSTRACT
Present investigation was carried out to study variation in
endophytic fungal population colonizing soybean. Endophytic
population was assessed at different growth stages of soybean (C.V.
JS-335) viz., vegetative and reproductive stages. A 182 (28.88 %)
isolates were obtained from vegetative growth stages (V1-V5) and
448 (71.11 %) from reproductive growth stages. As plant grows the
endophytic population increases progressively however, at the onset
of reproductive stages viz., R1-R8 the endophytic population starts
to decrease and attains a stable value at R8 stage. The maximum
endophytic colonization was recorded found at V5 stage (25.00%)
and R3 stages (37.03%) at which the plant attains maturity.
Endophytic fungal isolates belonged to 07 genera viz; Alternaria,
Aspergillus, Cladosporium, Colletotrichum, Fusarium, Penicillium
and Rhizoctonia.Our investigation provides a valuable insight in
understanding of endophytic microorganisms in their unique
ecological habitat.
INTRODUCTION

Plant-microbial interactions have been a premier area of research interest. These interactions may
range from beneficial to harmful. Microbial endophytes are typically defined as plant associated microbes
that colonize living internal tissues of plants without causing any visible symptoms or immediate overnegative effects and can be isolated from surface disinfected plant tissue [1,2]. Virtually all plants are hosts
to endophytic microorganisms and endophytes may usually be fungi, bacteria and actinomycetes [3]. These
microorganisms include both commensal species, which have no direct effect on the host plant, and
mutualistic symbionts[4]. Thus, endophytic colonization improves the ecological adaptability of the host.
Hence endophytes may be regarded as a true companion of host.
Intimate associations between endophytes and host plants can be formed without harming the
plant and they have been demonstrated to improve and promote growth of host plants as well as to reduce
disease symptoms caused by plant pathogens and/or various environmental stresses [5]. Endophytes have
been shown to confer fitness benefits to host plants including tolerance to herbivory, heat, salt, disease,
and drought, and increased below and aboveground biomass. Thus, endophytic colonization improves the
ecological adaptability of the host. The unique ecological niche has made endophytic bacteria as attractive
and potentially promising tool for agricultural applications especially, for those bacteria having commercial
features such as plant growth promotion and activation of plant defense mechanisms [2]. Several bacterial
endophytes have been reported as potential biocontrol agents that may improve and promote plant
health[6].
Various reports indicate that endophytes exist in a variety of tissue types within numerous plant
species, suggesting a ubiquitous existence in most plants [7]. The endophytic population may originate from
the usual soil community and a great diversity has been reported in diverse plant community [8]. The study
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of the structure of endophytic microbial populations, their distribution, interaction and functions within
their host is important for understanding their ecological role [9].
Analysis of the structure of microbial populations has practical importance; the results can be
used to assess the fate of released strains and their impact on resident microbial communities [10]. Hence,
the present investigation was carried out to study variation in distribution and diversity of endophytic
bacterial population colonizing soybean.
MATERIALS AND METHODS
Isolation of indigenous endophytic microorganisms in soybean
Study area
Washim (Latiude: 20º 05’58.90” N, Longitude: 7º 08'1.82” E, Altiude: 60M MSL) is situated in
central Vidarbha region of Maharashtra state of India. The climate of this region is hot moist semi arid and
the soil type is deep clayey to shalow black soil (Figure 1).
Figure 1: Study area

Sample collection
Healthy plants of soybean were screened from the 6 different locations of Washim district viz.,
Washim, Mangrulpir, Manora, Karanja, Risod and Malegaon. From each location, samples were collected
randomly from 3 different sub-locations. From each sub-location 3-5 healthy plants were selected
randomly. The growth stages of soybean were identified as specified by McWilliams [8] Sample represent of
each growth stage viz., vegetative (V1-V5) and reproductive (R1-R8) were collected. The plants were
uprooted, sealed into plastic bags and labeled. All samples were processed immediately after collection.
Surface sterilization
The collected plants were washed under tap water to remove soil and further separated into plant
parts viz., root, stem and leaf. All root, stem and leaf samples were washed twice in distilled water then
surface sterilized[2,3]. Surface sterilization was carried out by immersion for 1 minute in 70% (v/v) ethanol,
in 0.1% HgCl2 upto 3 minutes out for roots and nodules, whereas, upto 5 minutes for leaves and stems
respectively. The tissue was then washed ten times using sterile distilled water.
Sterility checks after surface sterilization were carried out by monitoring separately the section
impressions and rinse wash water for the presence or absence of microbial growth on selective medium
viz, for bacteria on nutrient agar for 6 days at 30°C, for actinomycetes on glycerol yeast extract agar for 6
days at 30°C and for fungi on potato dextrose agar for 7 days at 30°C [2, 3]. The absence of growth was
taken into consideration as positive test for surface sterilization.
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Identification of endophytic fungi
After surface sterilization, the samples were cut into 5-7 mm pieces with sterile blade and forcep
and aseptically transferred to plates containing Potato Dextrose Agar (PDA) supplemented with
streptomycin (100 mg/mL)[3]. Four pieces of surface sterilized plant material (root, stem and leaves) were
plated per plate and the experiment was replicated three times. To monitor the growth of slow growing and
low sporulating fungi half of the plates were incubated at 25 ± 2 °C and other half at 37 °C [3]. The plates
were monitored daily for up to 30 days for fungi growing from the cut end of segments. Fungal isolates
were identified on the basis of conventional cultural and morphological characteristics followed by
comparing with the available standard literature[11,12,13,14,15,16] and further purified and maintained on PDA
at 4°C. Per cent colonization frequency was calculated as number of fragments colonized by fungi in
relation to the total number of fragments[3,18]. The pathogenecity test was conducted for all the isolated
strains of endophytic fungi and the pathogens were ignored [17].
RESULTS AND DISCUSSION
Variation of endophytic fungal population
Initially, endophytic fungal population was found to increase with plant development (Table 1).
However, at onset of reproductive stages viz., R1-R8 the endophytic population started to decrease. Thus,
as plant senescenced a decline in endophytic population was observed.

Reproductive

Vegetative

Table 1: Endophytic fungal population at different growth stages in soybean
Growth stages
V1
V2
V3
V4
V5
TOTAL
R1
R2
R3
R4
R5
R6
R7
R8
TOTAL

Total number of isolates
16
26
37
49
54
182
60
68
80
73
66
48
33
20

Colonization rate (%)
7.40
12.03
17.12
22.68
25.00
27.77
31.48
37.03
33.79
30.55
22.22
15.27
9.25

448

The maximum endophytic fungi were isolated for vegetative stage at V5 (54) with colonization rate
(CR) of 25 % followed by V4 (49/CR= 22.68 %) and for reproductive stages at R3 (80/CR= 37.03 %)
followed by R4 (73/CR= 33.79 %). The endophytic fungal isolates obtained at vegetative growth stages V1,
V2 and V3 were 16 (CR= 7.40 %), 26 (CR= 12.03 %) and 37 (CR= 17.12 %) whereas at reproductive
growth stages R1, R2, R5 R6 R7 and R8 were 60 (CR= 27.77 %), 68 (CR= 31.48 %), 66 (CR= 30.55 %), 48
(CR= 22.22 %), 33 (CR= 15.27 %) and 20 (CR= 9.25 %).
Significant variations in the populations of both indigenous and introduced endophytes have been
reported. These variations are attributed to plant source, plant age, tissue type, time of sampling, and
environment [19]. Soil type, to a large extent, determines the endophytic population [20]. Factors such as
sampling site, tissue specificity, tissue age or associated vegetation can influence the composition of
endophytic communities[21].
Among these, geographical variation is recognized as one of the most important. Taxa isolated
from the same plant species tend to vary according to the location of each individual. Age and
phytosanitary status of the host plant can also exert some effect on the composition of endophytic
community. Endophytic population is influenced by different factors that include the host developmental
stages environmental conditions and geographical location of the experimental site. Moreover, genotype or
cultivar of plant also affects significantly the endophytic population[6].

RRJBS | Volume 3 | Issue 4| October - December, 2014

35

e-ISSN: 2320-0189
p-ISSN: 2347-2308
Our findings are in congruence with previous reports. The population size of endophytic bacteria in
agronomic plants including soybean varied between 0-6.0 log10 CFU/sample tissue. Endophytic bacterial
population is affected by the growth stages of plant. At reproductive maturity (R1-R3) population is
maximum as compared to other growth stages[19]. Significant differences in bacterial population densities
are found to be influenced by soybean growth phase and type of tissue sampled [6].
Present investigation also correlates to the reports of Prakamhang [22] endophytic bacteria in
cultivated rice were found in greatest density in roots. Generally, bacterial populations are larger in roots
and decrease in the stems and leaves [19]. However, there were no significant differences between mean
counts of actinomycetes from A. fragrantissima from different sites within Saint Katherine [23]. Irrespective
of the growth stage of rice and type of soil, the majority of endophytic bacteria were recovered from roots
(2 X 105 – 3 X 106 CFU/g fresh weight) as compared to other parts of rice plants. While the endophytic
bacterial population density in stem samples was 4 X 103 - 105 CFU/g fresh weight, the lowest population
density was present in leaf tissue with 1 X 103– 2.7 X 104 CFU/g fresh weight[22].
A decline in endophytic population was observed as plant aged. The decrease in endophytic
population from vegetative to reproductive stages could have been due to unavailability of essential
nutrients during maturation and senescence of plants [6,7]. As plants mature all the nutritional requirements
for microorganisms are optimum and a stable endophytic population is obtained. Thus, there appear to be
coincidence of plant maturity and endophytic population.
The endophytic population in plants is highly variable and occasionally transient [24]. The observed
differences in endophytic population in our study is supported by other observation where endophytic
bacterial population densitites are found to be influenced by soybean growth phase and tissue sampled [6]
and pointed that as plant ages the number of endophytic fungal isolates decreases [3]. Initial increase in
endophytic actinomycetal population was recorded in cucumber roots and the population densities were
found to be 4.56 log10 CFU g-1 fresh root weight[25].
Isolation and identification of endophytic fungi
A total of 630 endophytic fungal isolates were isolated; 182 (28.88 %) from vegetative growth
stages and 448 (71.11 %) from reproductive growth stages (Table 2) with colonization rate of 22.43 %.
Based upon the plant parts, 279 (44.28 %) were isolated from roots, 185 (29.36 %) from leaves and 166
(26.34 %) from stems. It was found that the number of isolates obtained from vegetative stages is larger
than that of reproductive stages. As a primary site of entry, the roots showed maximum population,
followed by leaves and stems respectively.
Table 2: Distribution of endophytic fungal isolates at different growth stages of soybean
Total number of endophytic fungal isolates

Reproductive

Vegetative

Growth
stage

Total
Total no. of
isolates

Plant source
Root

Stem

Leaf

V1
V2

7
13

4
7

5
6

16
26

V3
V4
V5
R1
R2
R3
R4
R5
R6
R7
R8
Total

19
26
26
28
31
36
32
27
20
12
02
279

10
12
15
17
18
21
20
17
12
09
04
166

8
11
16
18
20
23
21
22
16
12
07
185

37
49
54
60
68
80
73
66
48
33
20

182

448

630

During course of present investigation from a total culturable population 20 distinct fungal isolate
were isolated (Table 3) that were frequently and commonly recorded during the different growth stages of
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soybean. Isolates were obtained from 07 genera viz; Alternaria, Aspergillus, Cladosporium, Colletotrichum,
Fusarium, Penicillium and Rhizoctonia. Of the 20 isolates, Alternaria (04), Aspergillus (03), Cladosporium
(02), Colletotrichum (02), Fusarium (04), Penicillium (03) and Rhizoctonia (03) were obtained. These
isolates were selected and maintained for further studies.
Fusarium (20 %) and Alternaria (20 %) were found to be predominant endophytic fungi present in
soybean. Whereas, Aspergillus,Penicillium, and Rhizoctonia were moderately distributed and their
predominance was at par 15 %. However, Cladosporium and Colletotrichum were not so frequent and were
at par 10 %.
The diversity of endophytic fungi has been explored in various plant host. Our findings on the
diversity of endophytic fungi correlate with different studies. the diversity of fungi associated to varieties of
grapevines (Vitis vinifera L.) cultivated in Canary Islands (Spain) and in Azores (Portugal) was investigated
and isolated were identified as Hortaea werneckii (Horta) Nishimura and Miyaji, Alternaria alternata (Fr.)
Keissl., A. tenuissima (Nees) Wiltshire, Aspergillus spp., Pestalotiopsis spp., Botryosphaeria parva
Pennycook & Samuels, B. lutea A.J.L. Phillips, Chaetomium globosum Kunze ex Fr., Gibberella intricans
Wollenw and Penicillium spp. Wollenw and Penicillium spp [21].
Table 3: Morphological and cultural characteristic of soybean fungal isolates
Isolate

Growth

Front view

Reverse
view

Texture

Mycelium
septation

Conidial
morphology

Possible species

Black

Cottony

Septate

Ovoid Sepate

Alternaria sp.

Black

Cottony

Septate

Alternaria sp.

JDF1

Slow

JDF2

Moderate

Olivaceous
black
Grayesih

JDF3

Moderate

Black

Black

Cottony

Septate

JDF4
JDF5
JDF6
JDF7

Moderate
Slow
Slow
Good

Black
Colorless
Colorless
Colorless

Cottony
Cottony
Velvety
Velvety

Septate
Septate
Septate
Septate

JDF8

Moderate

Black

Velvety

Septate

Elliptical

Cladosporium sp.

JDF9

Moderate

Black

Velvety

Septate

Cylindrical

Cladosporium sp.

JDF10
JDF11

Good
Good

Grayeish
Gray
Deep green
Blushgreen
Olivaceous
green
Olivaceous
black
Gray
Black

Ovate Septate
Ellipsoidal
Septate
Ovate Septate
Ellipsoidal
Ellipsoidal
Globose

Pale gray
Black

Velvety
Thick

Septate
Septate

Colletotrichum sp.
Colletotrichum sp.

JDF12

Good

Cream white

Cream

Wooly

Septate

JDF13

Moderate

White

Colorless

Wooly

Septate

Fusiform
Falcate
Macroconidia:
Slightly curved,
Septate
Microconidia:
Sickle shaped,
Septate
Macroconidia:
Slightly curved,
Septate

Good

White with
lavender
tinged

JDF14

Colorless

Cottony

Septate

Microconidia:
Oval
Macroconidia:
Straight, Septate

Alternaria sp.
Alternaria sp.
Aspergillus sp.
Aspergillus sp.
Aspergillus sp.

Fusarium sp.

Fusarium sp.

Fusarium sp.

JDF15

Moderate

Faint Pink

Redish

Cottony

Septate

JDF16

Moderate

Dark green

Powdery

Septate

JDF17

Moderate

Dark green

Pale yellow
Yellowish
cream

Microconidia:
Sickle shaped,
Septate
Macroconidia:
Slightly curved,
Non-Septate
Spherical

Powdery

Septate

Ellipsoidal

Penicillium sp.

Reddish

Powdery

Septate

Round

Penicillium sp.

Brown
Pale yellow

Cottony
Cottony

Septate
Septate

Moniloid
Moniloid

Rhizoctonia sp.
Rhizoctonia sp.

JDF18

Moderate

JDF19
JDF20

Moderate
Moderate

Green color
with
yellowish
border
Brown
White

Fusarium sp.

Penicillium sp.

The endophytic fungal community of grape (Vitis labrusca cv. Niagara Rosada) leaves collected
from Salesopolis, SP, Brazil included Aporospora terricola, Aureobasidium pullulans, Bjerkandera adusta,
Colletotrichum boninense, C. gloeosporioides, Diaporthe helianthi, D. phaseolorum, Epicoccum nigrum,
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Flavodon flavus, Fusarium subglutinans, F. sacchari, Guignardia mangiferae, Lenzites elegans,
Paraphaeosphaeria pilleata, Phanerochaete sordida, Phyllosticta sp, Pleurotus nebrodensis, Preussia
africana, Tinctoporellus epiniltinus, and Xylaria berteri [26].
Abdel-Mottal et al., (2010) isolated 44 strains of. Endophytic fungi from the medicinal plant
Hyoscyamus muticus L included Alternaria alternata, Aspergillus fumigatus, Drechslera hawaiiensis,
Fusarium solani, Penicillium citrinum, Neoscytalidium dimidiatum, Thyrostromella myriana and Ulocladium
chartarum as well as 6 strains of non-pathogenic fungi viz., Alternaria alternata, Cladosporium
cladosporioides, Cladorrhinum foecundissimum, Curvularia clavata, Penicillium janthinellum and
Ulocladium chartarum [27].
Total 28 isolates of endophytic fungi from the leaves, and stems of Sesbania grandiflora (L.) Pers
were isolated. Among of them, 24 strains were isolated from stem and 4 from leave [28]. Endophytic
filamentous fungi isolated from the root of maize belonged to Fusarium sp. and Acremonium sp., Phomosis
sp., Paecilomyces sp., Phaeoacremonium sp. and Cladosporium sp. Beaveria bassiana, A. strictum, A.
alternata, Phoma sp. and T. [29].
Endophytic fungi were isolated from 22 species of medicinal plants in Taiwan [30]. Among 156
isolates of endophytic fungi, 67 isolates, belonging to 21 genera in 15 families, were from Lauraceae and
89 isolates, belonging to 27 genera in 16 families, were from Rutaceae. The most abundant genera were
Colletotrichum, Guignardia, Hypoxylon, Nigrospora, Phomopsis and Xylaria, especially Colletotrichum spp.
with 14 isolates and Phomopsis spp. with 15 isolates. In addition, species of Chaetomium, Alternaria,
Stemphylium, Coprinopsis and Cyanodermella were dominant and host specific to Rutaceae, whereas
species of Podospora, Leptosphaeria and Pilidiella were only observed in Lauraceae.
CONCLUSIONS
It appears from the present study that as soybean development progresses; endophytic population
increased. However, at maturity, the high population density was observed and thereafter the population
declined. Thus, endophytic population is influenced by developmental stages of soybean plant. Moreover,
research on endophytic fungi offers an innovative and enlivening opportunity for the discovery of novel
strains with biotechnological utility.
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