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ABSTRACT

Endophytes were isolated from the seeds of two rice landraces viz. Malabati and Champa collected from
Odisha, India. Both were non sporulating cultures. The ITSregion of ribosomal DNA was amplified and both
isolates were identified by molecular techniques as two species of Dendryphiella. The GenBank accession
numbers fot these endophytes were KT796364 & KT796365.The endophyte from rice variety Malabati was
different than the other Dendryphiellaspeciereported earlier. Henceitsimpact on three soil bornerice pathogens
was studied. Sclerotia production by Rhizoctonia solani (c.o. of sheath blight of rice ) was drastically reduced
and causal organisms of Aggregate sheath spot (c.o R.oryzae sative ) and seedling blight (c.o. Sclerotium) could
not produce the sclerotia . This endophyte thus has the ability to manage the soil borne sclerotia- producing

rice pathogens.
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Riceisstaplefood for millionsof people. Highyielding
rice varieties are developed for meeting the
requirements of people but rice diseases specialy those
which are caused by soil borne sclerotia producing
pathogens are becoming major constraints for rice
cultivationin most of the Asian countries. Cent percent
control of these diseases could not be achieved by the
application of synthetic fungicides. Host resistance
could not be achieved dueto thelack of suitable donors
against sheath blight disease. Therefore, other options
for management of this pathogen were explored.
Rodriguez and Redman, (2008) suggested existence of
abiotic and biotic stress tolerance through fungal
symbiosisin many plant species.Many landraces could
survive due to their mutualistic life style. Hence
traditional rice landraces from this part of India were
collected during 2010 and seed micro-florawas studied
to identify the associated endophytes. Seed borne
endophytes might play important rolefor plant adaption
to various stresses, hence the seed microflora was
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studied. Non spore producing endophytes were found
to be associated with two traditional ricevarietiesviz.
Malabati (PPVFRA Red/2011/178 dated 14.03.2011)
and Champa (PPVFRA Red/2011/166 dated
25.02.2011). Malabati was from Jagatsinghpur district
and Champawas from Puri district of Odisha. Both of
theselong duration varietiesare cultivated in low lying
area where sheath blight is a serious problem. It was
necessary to identify and study the interaction of these
fungal cultures with pathogenic micro-flora of soil to
havefull account of biodiversity and also to know their
impact on soil borne rice pathogens.

MATERIALS AND METHODS

The endophyte culture (s) was maintained on MS
broth (Murashige & Skoog, 1962) and DNA was
extracted by procedure followed by Dhua et al.
(2011).The PCR amplification of Internal transcribed
spacer region of ribosomal DNA was done by the
procedure described by White et al. (1990). Following



ITS primers (Operon) were used for it:
ITS-1(TCCGTAGGTGAACCTGCGG);ITS-4
(TCCTCCGCTTATTGATATGC).

Sequencing was outsourced to Xcelris Labs
Ltd. Ahmedabad India. Sequence alignment was done
for identifying the microbes. The sequences were
analyzed with the BLAST algorithms (developed by
Zhang et al., 2000) availablein NCBI for analysis of
nucl eotide sequences. Sequences producing significant
alignment with the* sequenceto beidentified’ werelisted
, their FASTA fileswereretrieved from NCBI and were
used for further analysis.

Those sequences were at first analyzed in
Phylogeny fr platform and cured FASTA files were
downloaded which were used while analyzing the
evolutionary relationshipsin MEGA4.Theevolutionary
history was worked out by the UPGMA method
described by Sneath and Sokal (1973). The boot strap
test (1000 replicates) suggested by Felsenstein (1985)
was conducted and percentage of replicate tree where
the taexa grouped together in boot strap test were given
adjacent to the branches. The branch length of tree
corresponded to the evolutionary distanceswhich were
used to conclude the phylogenetic tree. The FASTA
files of both isolates were submitted to Gen-Bank to
obtain the accession numbers.

The cultural filtrate of twenty day-old
Dendryphiella sp.crri.33 (NCBI.GenBank accession
number KT796364) was collected and centrifuged at
10000 rpm .The clear liquid layer obtained after
centrifugation of filtrate was passed via bacteria proof
‘“Whatman- Cellulose Nitrate' membrane-filters (0.2um;
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@47mm) inaBorosil filtration unit. Therefined filtrate
was mixed with sterilized Potato Dextrose Agar media
(40 ml filtratein 60 ml PDA) before pouring the media
intothe 90 mm diameter Petri-plates. The culture(s)
of test organism i.e. soil bornerice pathogens (NCBI
Gen Bank accession numbers KC832506, KC832505,
KT582015) were grown on PDA and small bits of
test culture(s) containing single sclerotiawereinocul ated
on above mentioned media to study the efficacy of
Cell free Cultural Filtrate of Dendryphiella sp.crri.33
against soil borne rice pathogens.

RESULTS AND DISCUSSION

Nine sequences (7 Dendryphiella species and 2
Alternaria padwickii isolates) of NCBI database
producing significant alignment withisolate crri.33 were
included. Dendryphiella species had 894-942
maximum score,93% to 96% query coverage and 96%-
99% identity with crri.33 (Table 1). The phylogeny was
concluded by the Unweighted Pair Group (UPGMA)
method. The branch length of tree was 137. Both the
Alternaria padwickii isolates were together in amajor
group whereas all Dendryphiella species were in
another major group which was further divided in to
sub groups. Dendryphiella sp. crri.33 was in one
subgroup and other six Dendryphiella species clubbed
in another sub group (Fig.1). These findings were
further corroborated by the findings of pair-wise
distance calculation done for 10 taexas. The NCBI-
GenBank accession number for isolate crri.33 was
KT796364.

Eleven sequences of NCBI data base (nine
Dendryphiella species and two of Alternaria

Tablel. Sequences producing significant alignment with isolate CRRI 33

Gene Bank Description Maximum  Total Query Evalue Identity Geographic
Accession Score Score coverage (%) (%) location of
organism
KC871034 Dendryphiella sp.DX-FOF2 942 942 96 0 99 China
HM572292 Dendryphiella sp. EN12 941 941 95 0 99 India
KC832510 Dendryphiella sp.Swarna-1 933 933 96 0 99 India
JQ585678 Alternaria padwickii . A12-2 917 917 94 0 99 Iran
FJ971840 Dendryphiella sp BR354 915 915 94 0 99 Thailand
KT582010 Dendryphiella sp. crri.1 896 896 93 0 96 India
KT582011 Dendryphiella sp. crri.2 893 893 93 0 96 India
KT582012 Dendryphiella sp. crri.4 894 894 93 0 96 India
JQ907484 Alternaria padwickii isolate321-1Q 821 1071 89 0 97 India
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Fig.1. Evolutionary relationships of CRRI.33 and other nine

padwickii isolates) showing significant alignment with
isolate crri.34 were included for the identification of
this endophyte (Table 2). The Dendryphiella species
included here clustered together and Alternaria
padwickii isolates were in separate group indicating
that crri.33 was also in genus Dendryphiella..The
phylogeny tree produced by UPGMA method had 22.25
branch length (Fig.2). Dendryphiella sp 39-11 ,
Dendryphiella sp Karuna-3, Dendryphiella sp.FV 16,
Dendryphiella sp. FV9, Dendryphiella sp.Savitri-4,
Dendryphiella sp.FV 22 grouped with crri.34. Another
test i.e. ‘Pairwise distance calculation” was also done
for 14 texas including Dendryphiella sp. crri.34 to
estimate the evolutionary divergence between
sequences. Thefindingsof thisanalysisalso supported
earlier conclusion as the evolutionary divergence
between above mentioned six Dendryphiella sp. and
crri.34 was zero. The NCBI-GenBank accession
number for isolate crri.34 was KT796365. These
finding indicated that theisolate crri.33wasunique i.e.
it was different than the earlier reported species of
Dendryphiella hence impact of Dendryphiella
sp.crri.33 on soil-borne sclerotia producing rice
pathogens was studied.

The sclerotia of Sclerotium sp. (c.o. seedling
blight of rice) did not germinate for 10 days in treated
plates whereas plenty of sclerotia were produced in
untreated control. After ten daysit germinated in treated
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plates but growth was very slow. The colony diameter
in treated plate was about 45mm in next four four days
but the sclerotiain control plates matured by that time
(Fig. 3).

Plenty of mature sclerotia were observed in
about 14 days old culture of Rhizoctonia oryzae
sativae. (c.0. Aggregate sheath spot of rice) in
untreated control whereas in treated plates there were
no sclerotiabut Slow mycelial growth i.e. 15 mm colony
diameter in 14 days. Effect of CCF of endophyte
Dendryphiella sp.crri.33 on inoculum producing ability
of sheath blight slerotia was studied (Fig.4). The
mycelial growth of R. solani (c.o. sheath blight of
rice) was slow as compared to control but sclerotia
production was drastically reduced in treated plates.
Theendophytic Dendryphiella studied herewasfound
to control the growth and sclerotia production of soil
borne pathogenic Rhizoctonia and Sclerotium species
(Fig.5).

The Dendryphiella species constituted the
seed microflora of several rice cultivars specialy the
land races but exact role of this fungus in rice
ecosystemis not well understood. Dendryphiella spp.
DX-FOF2 was endophytic fungi in seeds of O.
rufipogon. The endophytic Dendryphiella exclusively
colonized the seeds (Wang et al., 2015).Rice seeds
may likely offer more entry points and place for
colonization of endophytic fungi . Thismutualism may
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Table2. Sequences producing significant alignment with isolate CRRI 33

Gene Bank Description Maximum  Total Query Evalue Identity Geographic
Accession Score Score coverage (%) (%) location of
organism
KT582012 Dendryphiella sp. crri.4 972 972 98 0 99 India
KJ563122 Dendryphiella sp 39-11 972 972 97 0 99 India
KT582011 Dendryphiella sp. crri.2 968 968 98 0 99 India
KJ563118 Dendryphiella sp Karuna-3 968 968 97 0 99 India
FJ971840 Dendryphiella sp BR354 968 968 96 0 99 Thailand
KT582010 Dendryphiella sp. crri.1 963 963 98 0 99 India
KC832508 Dendryphiella sp.FV 16 963 963 96 0 99 India
KC832507 Dendryphiella sp. FV9 961 961 98 0 99 India
KJ563119 Dendryphiella sp.Savitri-4 955 955 97 0 99 India
KC832509 Dendryphiella sp.Fv22 955 955 96 0 99 India
JQ585678 Alternaria padwickii isolate A12-2 889 889 89 0 99 Iran
JQ907484 Alternaria padwickii isolate 321.1Q 885 1136 94 0 98 India
KC871034 Dendryphiella sp.DX-FOF2 883 883 90 0 99 China
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Fig. 2. Evolutionary relationships of CRRI.34 and other thirteen

help both i.e. plant as well as fungi inhabiting in plant
for better adaption to various stressesand survivingin
those habitats. At the time of senescence this policy
hel psthe endophytic fungi for utilizing most of the plant
nutrients(Rodriguez and Redman, 2008). Severa fungal
endophytes detected in cultivated rice were found to
enhancethe host growth and reduce/ diminish the effect
of biotic stress. (Atugala and Deshappriya, 2015;
Zakaria 2010; Naik et al., 2009;Yuan €t al., 2007).

Out of thetotal yield loss due to diseasesin rice about,
25% lossis caused by the sheath blight disease of rice,
in India . Approximately Rs. 3800 million worth
fungicides were used for protecting the rice crop from
pathogens during 2010-11. Out of these Rs. 2800million
were spent for managing sheath blight and rice blast
diseases. The mgjor change in synthetic pesticide use
depends up on the variations of pathogens, crop
intensity, practicesand prices. The changesin pathogen
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Fig. 4. Effect of Cell freecultural filtrate of endophyte Dendryphiellasp.crri.33 on R. oryzae sativae

Fig. 5. Effect of Cell free cultural filtrate of endophyte Dendryphiellasp.CRRI.33 on R. solani
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can not be predicted. (Kumar et al., 2013). It isessential
to devel op strategy for eco-friendly management of rice
pathogens. The endophytic Dendryphiella studied
here was found to control the growth and sclerotia
production of soil borne pathogenic Rhizoctonia and
Sclerotium species. Extensive use of synthetic
pesticides might have disturbed the ecological balance
which may be restored by introducing these effective
bio-control agentsin the ecosystem. Our invitro findings
indicate the possibility of exploiting Dendryphiella
isolates as a biocontrol of sclerotia-forming rice
pathogens. The success will however, depend on the
field performance of these endophytes.

ACKNOWLEGEMENT

The authors thank Director NRRI, for providing
financial support for thisstudy.

REFERENCES

AtugalaDM and N Deshappriya 2015. Effect of endophytic
fungi on plant growth and blast disease incidence
of two traditional rice varieties. J.Natn.Sci.
Foundation Sri Lanka43 (2): 173-187.

Camacho Villa, Taina Carolina; Maxted, Nigel; Scholten,
Maria; Ford-Lloyd, Brian 2005. “Defining and
Identifying Crop Landraces’. Plant Genetic
Resources 3 (3): 373-384. doi:10.1079/PGR200591

DhuaU, Dhua SR, Chhotaray A 2011. Identification of rice
endophytes and effect of their cultura filtrates on
host cultivars. Oryza 48 (3):244-249.

Do Thi Xuan 2012. Microbial Communitiesin Paddy Fields
in the Mekong Delta of Vietnam: Functional and
Molecular Diversity. Doctoral Thesis, Department
of Forest Mycology and Plant Pathology, Swedish
University of Agricultural SciencesUppsala. Print:
SLU Service/Repro, Uppsala.

Felsenstein J 1985. Confidence limits on phylogenies: An
approach using the bootstrap. Evolution 39:783-
791

Kumar MK PrasannaDK Sidde Gowda, Rishikant Moudgal,
N Kiran Kumar KT Pandurange Gowda and K
Vishwanath 2013. Fungicides Showcases of
Integrated Plant Disease M anagement from Around
theWorld- Chapter 4 Impact of Fungicideson Rice
Production in India, p77-98. http://dx.doi.org/
10.5772/51009

Oryza Vol. 52 No.3, 2015 (190-195)

Murashige T and Skoog F 1962. A revised medium for rapid
growth and bioassays with tobacco tissue cultures.
Physiol Plant 15(3): 473-497

Naik BS, ShashikalaJand Krishnamurthy YL 2009. Study
on the diversity of endophytic communities from
rice (Oryza sativa L.) and their antagonistic
activitiesinvitro. Microbiol. Res., 164: 290-296.

Read DJ 1999. Mycorrhiza—the state of the art. In: Varma
A,Hock B, eds. Mycorrhiza. Berlin: Springer-Verlag,
334

Rodriguez RJ, Redman RS, Henson JM 2004. The role of
fungal symbioses in the adaptation of plants to
high stress environments.Mitigation and
Adaptation Strategiesfor Global Change 9,261-272.

Rodriguez R and R Redman 2008. More than 400 million
years of evolution and some plantsstill can’t make
it on their own: plant stress tolerance via fungal
symbiosis. Journal of Experimental Botany,
59(5):1109-1114.

Sneath PHA and Sokal RR 1973. Numerical Taxonomy.
Freeman, San Francisco.

Stone JK, Bacon CW, White JF 2000. An overview of
endophytic microbes: endophytism defined. In:
Bacon CW, White JF, eds. Microbial endophytes.
New York: Marcel Dekker, Inc,3-30.

WangY, GaoBL, Li XX, Zhang ZB, YanRM, Yang HL, Zhu,
D Biology 2015. Phylogenetic diversity of culturable
endophytic fungi in Dongxiang wild rice (Oryza
rufipogon Griff), detection of polyketide synthase
gene and their antagonistic activitiy analysis,
Fungal doi: 10.1016/j.funbio.2015.07.009

WhiteTJ, BurnsT, Lee Sand Taylor JW, 1990, Amplification
and direct sequencing of fungal ribosomal RNA
genes for phylogenetics.Pp. 315-322 In: PCR
Protocols: A Guide to methods and Application,
eds. Innis, M.A., Gelfand, D.H. Sninsky, J.J., and
white, T.J., Academic Press, New York.

Zakaria L atiffah, A.Suriaty Yaakop, Baharuddin Salleh and
Maziah Zakaria2010. Endophytic Fungi from Paddy
.TropLifeSci Res2(1) :101-107 .

YuanZL,CCDai X Li, LSTianand X X Wang 2007. Extensive
host range of an endophytic fungus affects the
growth and physiological functionsin rice (Oryza
sativaL.). Symbiosis, 43: 21-28

Zhang Z, Schwartz S, Wagner L and Miller W 2000. A greedy
algorithm for aligning DNA sequences. J Comput
Bial, 7(1-2):203-14

0 195 O



