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Monocots

Endophytic fungi predominantly inhabit grasses, and produce a variety of beneficial metabolites for
plant growth, as well as help their hosts against pathogens and herbivores. Current study was focused
on plant growth promoting activity of endophytic fungi inhabited in the roots of sand dune grasses.
We collected 49 fungal isolates from the roots of four most common sand dune grasses and screened
them for their growth promoting capacity. Results showed that 37 fungal isolates (75.5%) promoted
plant height and shoot length of waito-c rice, 11 fungal isolates (22.5%) suppressed it, while 1 fungus
(2%) showed no effect on the growth attributes. The fungal strain Gibberella fujikuroi, along with dis-
tilled water and Czapek broth medium, were taken as control for this experiment. It was concluded
that a major proportion of endophytic fungi inhabited in the sand dune plants produce metabolites,

and thus help in growth and development of the host plant.
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Introduction

Throughout the evolutionary time, plants have been ex-
posed to changing environmental conditions, forcing them
to adapt or succumb to selective pressures such as extreme
temperatures, insufficient water and toxic chemicals. Plants
have thus evolved complex biochemical/genetic systems to
perceive stresses, transmit stress-activated signals to differ-
ent tissues and activate cellular responses to avoid detri-
mental effects [18]. Most plant studies do not consider the
fact that plants in natural ecosystems have symbiotic asso-
ciations with fungi. These fungi are important to the struc-
ture, function, and health of plant communities [5,17]. In
fact, symbiotic fungi contribute to and may be responsible
for the adaptation of plants to environmental stresses
[14,15]. These fungi express a variety of symbiotic lifestyles
including mutualism, commensalism, and parasitism [6].

Endophytes constitute a major portion of fungal sym-

bionts associated with plants, reside entirely within plant
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tissues, and may be associated with roots, stems and/or
leaves. These fungi can act as defenders against predators
[20], growth promoters [1] and competitors of microbial
pathogens [19]. According to some researchers, the vegeta-
tive growth enhancement shown by many grass species in
the presence of their fungal symbionts has been principally
attributed to increased plant fitness [3,10]. However, recent
studies have shown that plant growth promotion may be
attributed to the secretion of plant growth promoting sec-
ondary metabolites (gibberellins, auxin, cytokinin) by the
endophytic fungi in the rhizosphere [16].

Coastal regions of the world are of immense importance
as they offer high economic returns and recreational op-
portunities and are therefore subjected to more anthro-
pogenic stress. The sand dunes in coastal areas of the
world in general and that of Korea in particular are on
verge of destruction due to excessive loss of native species
as the efficiency of conservation and re-vegetation has
been slowed by intensive human activities [7,11]. The sand
dune flora is always subjected to stress due to nutrient de-
ficiency, fluctuating water levels and high salinity. Under

such adverse climatic conditions, the role of symbiotic fun-
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gi in plant growth and conservation cannot be overlooked.
During current study an effort was made to investigate the
role of indigenous endophytic fungi in the growth promo-
tion of the sand-dune flora and their possible role in any
future conservation strategy. For this purpose 4 most com-

mon dune grasses were selected for study.

Materials and Methods

We visited the sand dunes located at Pohang beach, a
famous recreational spot in Korea, and collected root sam-
ples from 4 sand dune grasses for isolation of fungal
endophytes.
medium

Plants, fungal culture

conditions

strains, and growth

The 4 plants selected for the isolation of endophytic fun-
gi were Digitaria sanguinalis, Carex kobomugi, Carex pumila
and Elymus mollis. Screening and isolation of plant root
fungi was carried out on Hagem minimal medium plates
supplemented with 80 ppm Streptomycine [23]. For stor-
age, PDA plates and slants were used, while Czapek broth
medium containing 1% glucose and peptone was used for
Gibberellin production [8] by incubating strain at 30°C and
120 rpm for 7 days. We used wild type Gibberella fujikuroi
as control during the experiment.

Isolation  of
dune flora

endophytic  fungi  from roots of sand

The root samples were washed with tap water to re-
move sand particles and other debris, treated with Tween
80 solution and surface sterilized using perchloric acid
(1%) solution. The surface sterilized roots were then cut in-
to 0.5 cm pieces in laminar hood, cultured on Hagem me-
dia plates and, incubated at 25°C until emergence of fungi
from inside of root pieces [2,22]. The isolated pure cultures

of root fungi were stored on PDA plates and slants.

Screening  of  fungal  culture
growth promoting metabolites on rice
The culture filtrates of fungal isolates were bioassayd on

filtrates  for  plant

waito-c rice seedlings for their plant growth promoting
capacity. The fungal isolates were grown on Czapek broth
medium, on a shaking incubator for 7 days at 30°C and 120
rpm. 40 ml of culture fluid was harvested through cen-
trifugation at 5,000% g at 4°C for 15 min. The harvested pel-

let and supernatant were immediately stored at -70°C and
later lyophilized. The lyophilized supernatants were mixed
with 1 ml autoclaved distilled water. Seeds of waito-c rice
were surface sterilized [13] and treated with 20 ppm uni-
conazol for 24 hr, in order to further minimize gibberellin
(GA) biosynthesis. The treated seeds were washed thor-
oughly and soaked in autoclaved distilled water until radi-
cal emergence. The young seedlings were transplanted in
glass tubes containing 0.8% water-agar medium and grown
in a growth chamber. 10 pl of supernatant solution of each
fungal culture filtrate was applied on apical meristem of
rice seedlings at two leaves stage. The shoot and plant
length of waito-c rice was observed after a week of culture
filtrate application and compared with waito-c rice seed-

lings treated with distilled water or G. fujikuroi.

Results and Discussion

Microbial extracts had been and will continue to be a
productive source of biologically active compounds.
Screening microbial secondary metabolites is an established
method to identify novel biologically active molecules
[6,9]. In current study, the presence of plant growth pro-
moting metabolites in culture filtrates of our fungal strains
were determined through a primary screening experiment
on waito-c rice seedlings. We isolated 49 fungi from the
roots of 4 plant species i.e. 20 fungal isolates from Digitaria
sunguinalis, 11 fungal isolates from Elymus mollis, while 9
fungal isolates from each of Carex kobomugi and Carex
pumila. Out of the total isolated fungal endophytes, 37 iso-
lates promoted growth of waito-c rice, 11 isolates inhibited
it, while 1 fungus produced no effect on plant growth. The
growth promoting fungi constitute 75.5%, while the in-
hibitors constituted 22.5% of the total.

Screening  bioassay of fungal isolates from Digitaria
sunguinalis

D. sanguinalis is very common in disturbed areas of
prairies, weedy meadows, edges of degraded wetlands,
areas along roads and coastal zones. It belongs to family
Poaceae, and thus is categorized as true grass. Culture fil-
trates of endophytic fungal isolates from roots of D. sangui-
nalis were bioassayed on waito-c rice seedlings to check
their plant growth promotion activity. 20 fungi were
checked, of which 16 were found as growth promoters

(Fig. 1).
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Fig. 1. Growth promotion effect on waito-c rice seedlings treated with culture filtrates of fungi isolated from roots of Digitaria sunguinalis.

Screening  bioassay of fungal isolates from  Carex
kobomugi Ohwi

C. kobomugi is a common coastal dune grass, native to
China, Japan and Korea. It belongs to family Cyperaceae,
and thus is categorized as false grass. These plants appear
grass- like, but are actually sedges, that do not follow true
grass identification criteria. It is adapted to high concen-
trations of salt and wind along the coast and therefore
thrives well in the shoreline environment (www.hort.uconn.
edu/cipwg/invader_month/invader_Carexkobomugi.pdf).
Culture filtrates of endophytic fungal isolates from roots of
C. kobomugi were bioassayed on waito-c rice seedlings to
check their plant growth promotion activity. Total 9 fungi

were checked, of which 6 were found as growth promoters
(Fig. 2).

Screening  bioassay of fungal isolates from  Carex
oumila

C. pumila is native to Asia, and spread widely on sand
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Fig. 2. Growth promotion effect on waito-c rice seedlings
treated with culture filtrates of fungi isolated from
roots of Carex kobomugi Ohwi.

dunes and coastal zones of Australia, Russia, and East Asia
including China, Japan and Korea. All Carex spp. are sedges,
and thus belong to family Cyperaceae, instead of Poaceae,
and lack many charecteristic features of true grass members
(www.ars-grin.gov/cgi-bin/npgs/html/taxon.pl?9108).
Culture filtrates of endophytic fungal isolates from roots of
C. pumila were bioassayed on waito-c rice seedlings to check
their plant growth promotion activity. 9 fungi were checked,
of which 5 were found as growth promoters (Fig. 3).

Screening  bioassay of fungal isolates from  Elymus
mollis

E. mollis is aggressive, perennial upright grass that is salt
and drought tolerant, and grows well on sandy shores. It
belongs to family Poaceae, and thus are characterized as true
grass. It has world wide distribution, and usually out num-
ber other native plants and weeds. Most of the Korean coast-
al zones are covered by this grass in the form of distributed
patches. Culture filtrates of endophytic fungal isolates from
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Fig. 3. Growth promotion effect on waito-c rice seedlings
treated with culture filtrates of fungi isolated from
roots of Carex pumila.
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Fig. 4. Growth promotion effect on waito-c rice seedlings
treated with culture filtrates of fungi isolated from
roots of Elymus mollis.

roots of E. mollis were bioassayed on waito-c rice seedlings
to check their plant growth promotion activity. 11 fungi
were checked, of which 10 were found as growth pro-
moters (Fig. 4).

1. Use of rice seedlings is beneficial as they can easily
grow under controlled and sterilized conditions, hydroponi-
cally, using autoclaved water-agar media. Since this media
is devoid of any nutrient, the sole effect of culture filtrate
can easily be estimated. Waito-c rice is a known dwarf rice
cultivar with reduced GA biosynthesis. Treatment of its
seeds with uniconazol, a GA biosynthesis retardant, further
suppresses the endogenous GAs production by blocking its
biosynthesis pathway in the plant. Shoot elongation of these
seedlings can thus effectively be related to activity of plant
growth promoting secondary metabolites from fungal cul-
ture filtrates applied [4,16]. Similarly, it has been reported
the biotechnological application of Piriformospora indica, a
culturable mycelium possessing growth promoting effects
in a vast range of plant hosts [2].

The plant growth promoting ability of fungi may be due
to their capacity to produce higher amounts of growth
promoting metabolites. Fungal endophytes thus facilitate
their host plants to survive under stress condition by se-
creting favourable secondary metabolites. These fungal en-
dophytes may provide tools for the conservation and
re-vegetation of the rapidly eroding sand dune flora of
coastal regions of the world. Of the total 49 fungal isolates
from the sand dune grasses of Korean coastal region, a
vast majority (75.5%) promoted growth of waito-c rice thus
indicating the production of plant growth promoting hor-
mones by these fungi. Discovering growth promoting ca-

pacity of such a large number of fungal endophytes have

opened new aspects of research and investigations, while
identification of these growth promoting hormones and
their level of production by respective fungi will contribute
hugely to the existing understanding of growth regulating

hormones synthesis in fungi.
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