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ABSTRACT: This study reports the plant-microbe associatiorPséudomonasp with Cocoyam or dashee@dlocasia
esculentalL.) Schott)in vitro derived plant matter. The phytopathogen, isolétexh infected dasheen leaves obtained from the
field, was identified by 16S rRNA gene sequenceilanity as Pseudomonas fulyand its partially sequenced genome also
confirmed by GenBankPseudomonasp have not been implicated as a bacterial platitagen of the edible aroids vitro
dasheen plantlets developed chlorotic and necsgticptoms over the 18 days of the infection studyclvead to the loss of
structural coherence and the disintegration ofl yitant organs. The findings of this investigatif@aeilitate the introduction of
Pseudomonasp as a phytopathogen iof vitro derived dasheerCplocasia esculentgl.) Schott) plantlets, and will provide
valuable information for creating an awarenesssfakeholders involved in the cultivation and expafrthis tuber crop. This
study indicates the first approach towards furttestigating the means for control &seudomonas fulvanfection of
Colocasia esculentplants in the field, with a view to increasing fmeduction of this fresh produce.
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Introduction

Colocasia esculent@..) Schott, a member of the Araceae family (aspids a perennial herb largely cultivated
throughout the humid tropics and sub-tropics fereitible corms and leaves. This plant is commonbwa in the
Caribbean and Tropical America as dasheen, tadpeadr old cocoyam. Dasheen corms are rich infstand may
be eaten in a manner similar to potatoes, thdidied, baked, roasted, fried, and the leaves atidlps used as a
vegetable in soups (Kay, 1987). In addition, dastess attained the status of a commercial croprimesCaribbean
Islands, Hawaii, Egypt, the Philippines and someifiRalslands. However, diseases affecting Colazasiculenta
(L.) Schott cause significant economic losses, hade occasionally resulted in the abandonment shekn
cultivation. Corn rots cause considerable damageibal diseases and that of leaf blight are thesinaevastating in
some areas (Centre for Overseas Pest Researcl), 1982

*To whom correspondence should be addressed.

167



NISEB Journal Volume 11, No. 2 (2011)

Dasheen leaf blight caused Blrytophthora colacasia&s characterized by leaves with small circulartesa
soaked lesions which become rapidly enlarged, uteggin shape, zoned, dark brown with a yellow nra@nd
contain yellow to red droplets, which later becoresd (Jackson, 1977). These lesions produce saopodlonies
which cause the collapse of leaves and subsege@unttion in numbers. The viral diseases of dashestude those
mainly caused by the Dasheen Mosaic, Alomae andB®lviruses. Dasheen Mosaic Virus infection resulta
feathery mosaic pattern adjacent to the veins wisichtermittently expressed, and the severity gatsistence of
expressed symptoms vary according to plant genatigekson, 1980; Jackson, 1982; Stevat 1979; Zettleret
al, 1978).

The Alomae virus causes a systematic necvdsish leads to the death of the plant. The charatic symptom
first includes a feathery mosaic followed by anbitity of the leaves to open. Young leaves thataffected fail to
open displaying a crinkled appearance, and becdmermally thickened with prominent veins. The nato
eventually spreads from the tips of the leaves,rdtwe petiole, finally killing the entire plant (Giter et al, 1977;
Jackson, 1980). The Bobone virus infection of dash@ants is not as lethal as the Alomae. The &ffeplants tend
to be more stunted and the leaves twisted anddturkaves of these plants become puckered, dididstétle and
thickened, does not become necrotic but remainngréke plants will eventually recover (Gollifet al, 1977;
Jackson, 1980). Incidences of bacterial diseaseshef araceae family have largely been associatad wi
Xanthomonas campestris.

Chaset al, 1992, indicated that one of the most seriousagisg affecting C.seulentaand other members of the
Araceae family (aroids) is caused by strainsXahthomonas campestris. Xanthomonkseases of aroids are
characterized by marginal chlorosis and necrositerveinal necrosis, and in some case a systenfiction
resulting in plant death. Although a large nhumbePseudomonastrains cause plant disease in most agricultural
and commercial crops such as tomato, peanut, patdtacco Pseudomonas solanacearpyamong others, a review
of literature has indicated no reported incidenodspathogenic disease implicatingseudomonasSp. as
phytopathogens of dasheeRseudomonas cichoris responsible for the bacterial leaf spot in smueceptible
horticultural aroid foliage plants inclusive dEpipremnum aureun{Pothos), Philodendron panuduraeforme
(Fiddleleaf Philodendron)Agglaonema spp(Chinese Evergreen) and Monstera spp. (PflegerGmald, 1998).
However, there has been no reported case of dseddbe edible aroids caused Bgeudomonas cichoriilhis
study focuses on the effect thBseudomonasp has on dasheen plantlets in vitro with a viewbgidter
understanding this plant-microbe interaction thatuss in the field.

Materials And M ethods
Materials
In vitro derived dasheen plantlets.

In vitroderived dasheen plantlets, cultured from the &pieaistem of young dasheen shoots, were initiatedt!
multiplied on Murashige and Skoog basal salt mixt\MS (Murashige and Skoog, 1962), pH 5.8 contgi@itg/L
sucrose, 0.5mg/L (for initiation) and 0.1 mg/L (forultiplication) benzene amino purine (BAP). At bhahe
initiation and multiplication stages vitro dasheen cultures were transferred to the tissiieregrowth room of the
Biotechnology Centre, University of the West Indiegich has a 16-hour photoperiod at 24@Mitchell et al,
1994). Mature plantlets, approximately six (6) menbld were used in the pathogenicity study.

I solation of Pseudomonas sp.

The pathogenic bacteria were isolated fromes of infected dasheen leaves collected fromasheen
cultivation located in Sligoville, St. Catheringgndaica, W.l. These bacteria were cultured micraigicklly on
Nutrient Yeast Glycerol Agar [NYGA), 5g of BactofRene (Difco Laboratories, Detroit, Michigan) pi#rd, 3g of
yeast extract per litre, 20g of glycerol per limed 18g of Bacto Agar per litre] plates as indidalbg Bradbury
(1970). The predominant bacterial colonies withia ixed culture that grew on the NYGA plates wietend to be
yellow and mucoid in appearance. These microorgaisere selected and re-streaked to obtain puraresl
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I dentification of Pseudomonas sp

Initial preliminary identification of the btagial isolates obtained from infected dashe@nldcasia esculenta
var. esculentafrom a farm in Sligoville, St. Catherine, was éadrout using phenotypic characteristics. Subsequen
identification of one of the yellow — pigmented pbyathogenic bacterial isolate, UWIOSKGI, was basedhe
16S ribonucleic acid (rRNA) gene sequence simijlaperformed by MIDI Labs, Incorporated, 125 Samtwe,
Newark, Delaware 19713, USA. The 16S rRNA gene R@R amplified from genomic DNA isolated from pure
bacterial colonies. Primers used for the amplifazatcorrespond tde. coli positions 005 and 1540 (full length
packages) and 005 and 531 (500 bp packages). Acapiih products were purified from excess primensl
dNTPs using Microcon 100 (Millipore) molecular wetgcut off membranes and checked for quality anangjty
by running a portion of the products on agarose géle samples were electrophoresed on an ABiMP8i67 DNA
Sequencer. The data was analyzed using Appliedy8iess DNA editing and assembly software and sempien
comparisons were obtained using the MicroSeq soéwa

BLAST Search of UWIOSK GI 500bp 16SrRNA sequence.

The five hundred (500) base pair nucleotidguence of 16S rRNa sequence obtained from MIDIsLab
Incorporated was analyzed using BLASTIN locatedthd://www.ncbi.nih.gov/blast

I nfection of Dasheen with Pseudomonas sp

Overnight broth cultures of the bacteria ase$ were used to inoculate the leaves of thesaetisulture
plantlets. For the inoculation, a sterile needls wsed to create wounds at least 1 cm apart dealie top surface
at the same point where sterile cotton previouslgked in broth culture was placed on the underside
development of infection in the plant was monitofedl18 days and the disease symptoms recorded.

Results And Discussion

The phenotypic characteristics of the pathagbacteria isolates were found to be rod-shapedile, and Gram
negative. On Nutrient Yeast Glycerol Agar (NYGA)getcolonies appeared yellow, circular, entire,tgti;ig and
raised. The bacterial isolate, UWIOSKGI, was idesdi as Pseudomonas fulvléased on the 16S rRNA gene
sequence similarity of five hundred (500) base gpaitesults obtained from the 16S ribosomal ribagiachcid
(rRNA) gene sequence identified the partially semee isolate, UWIOSKGI, aBseudomonas fulvahe results in
Table 1 showed that there was a 0.19% geneticreifte between thBseudomonas fulva6S rRNA sequence
contained in MicroSed' database, used by MIDI labs and the five (500)dned base pair sequence of the 16S
rRNA from UWIOSKGI.Pseudomonas fulvaas the closest matching bacteria to the tesinstodlowed by nine
(9) others in increasing percentage of geneticedifice. (Tablel). It can therefore be determinedn fthis
alignment of the genetic differences that the UWKGSR isolated is a $udomonas spand more definitely,
Pseudomonas fulva

The BLAST further confirmed the identity dfet bacterial isolate as the search analysis iratictitat the 500
base pair sequence for UWIOSKGI bacterial isolatentified asPseudomonas fulvey MIDI Labs, was 99%
similar to Pseudomonas fulvd6S ribosomal RNA gene over 509 of 511 nucleotidesaddition, the queried
sequence had 99% similarity to seven (7) other iBSIA gene sequences d?seudomonassp. namely
Pseudomonas parafuly®seudomonasp. Fa27Pseudomonasp. Fa24Pseudomonasp. AEBL3 Pseudomonas
sp. NZ096 Pseudomonasp. NZ017 andPseudomonasp. NZWT?2.
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Tablel Thealignment report for UWIOSK GI obtained from the 16SrRNA analysis.

Size of DNA
Per cent Genetic Sequence Pseudomonas sp.
Differences (% GD) (Base Pairs)
0.19 522 Pseudomonas fulva
1.44 522 Pseudomonas straminae
2.97 522 Pseudomonas fluoresceAqbt)
2.97 522 Pseudomonas fluoresce@g(bt)
3.16 522 Pseudomonas mucidolens
3.16 522 Pseudomonas fuscovaginae
3.16 522 Pseudomonas synxantha
3.26 522 Pseudomonas alcaligenes
3.35 522 Pseudomonas agarici
3.35 522 Pseudomonas asplenii

Prepared by MIDI Labs Incorporated, 125 Sandye, Newark, DE19713, USA
Pseudomonas fulvaas first isolated during the taxonomic studyhsd genus?seudomonadgrom rice and oil fields
and oil brine in Japan (lizuka and Komagata, 1968, &, d, €). Other closely related species peRLstraminea
and P. azotoformansThe phylogenetic relationships deduced from 168/ARjene sequences along with the
production of a water-insoluble yellow pigment faated the inclusion of these species in groupf Palleroni
(1984). It has been proposed tRseudomonas fulvaay be related tB. stramineaP. oryzihabitansP. flavescens
andP. graminis(isolated from grass) considering the ecologiaallarity that these species are plant inhabitind a
produce a water-insoluble yellow pigment (Uchinogale 2001).

During the pathogenicity study &seudomonasp. on dasheen, a brown coloration was detectmghdrthe
wounds created on the leaves of infected dasheantigtls 4 to 6 days following the inoculation oé leaves with
Pseudomonasp. These areas became rapidly necrotic and cealés produce larger areas of dead tissues. During
days 6 to 12 the entire leaf became a soaked broags due to severe necrosis (Figurel). In theslastys of the
infection, that is, days 12 to 18, the severe rgsreeen in the leaf had spread to the petiolesirmgoss of
structural coherence and the subsequent deathiofotgan (Figure 2). It was difficult to visuallyetbct any
physiological changes in the roots of the infeqikhtlets. This infection of dasheen Bgeudomonaspin vitro is
the first report of a disease affecting dasheeh Réeudomonasp being the causative agent.

Studies and reports have indicated that tapmndiseases dE. esculentgL.) Schott, include corn rots [mainly
caused byPythiumandPhytophthoraspecies (Centre for Overseas Pest Research, 1882ah, 1980; Holiday,
1980], viral diseases [such as those caused bydeaskosaic Virus, (Jackson, 1980; Jackson , 19Baw®t al,
1979; Zettler and Hartman, 1986; Zettler and Hantmi®87; Zettler and Jackson, 1979; Zettieal 1978) Alomae
(Gollifer et al,1977; Jackson, 1980) and Bobone viruses (Gokifel, 1977; Jackson, 1980)] and leaf blight due to
Phytophthora colocasia@afection (Anonymous, 1970; Gollifet al, 1980).

Information concerning bacterial diseasesh&f Araceae family (inclusive of the horticulturgphecies and
cultivars of Aglaonema, Anthurium, Dieffenbachia, Epipremnumijoélendron Spathiphyllum, Syngonium, and
those of the edible aroidSolocasiaand Xanthosomp has implicatedXanthomonas campestrss one of the
phytopathogenes for these host plants (Claasd, 1992). The pathogenicity of thieseudomonasp. used in this
study, indicated that these microorganisms were #bfirstly penetrate the incisions created onl¢aes of thén
vitro dasheen plantlets subsequent to the applicatiagheobacterial inoculums, and then develop an tidfedy
establishing contact with susceptible cells onssof these plantlets. The development of the symatic brown
colouration around the wounds created on the leades 6 days following the inoculation of the leavwith
Pseudomonas spuggested that there was an incubationperiochgluhis plant-microbe association, which is
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necessary for disease development, as againsteadaysitive response, in which a limited numbeplaht cells in
direct contact with the invading phytopathogen degsidly (a programmed cell death) to prevent ghead of the
infection (Dixonet al, 1994). However, it was observed that Bseudomonas sfater extensively invaded the leaf
tissue of these plantlets by deriving the requimattients from the breakdown of the plant cell waid other cell
components to facilitate its proliferation and ket invasion of the intercellular spaces of theptagans. This was
evident, as the leaf became a soaked brown masgydiays 6 to 12. During the final 6 days of théhpgenicity
study the severe necrosis seen in the leaf haddpoehe petiole causing the loss of structuragrity and the total
deterioration of this plant organ. It can thereftie suggested th&seudomonas s a phytopathogen of the
susceptible in vitro derived dashee@. (esculentavar. esculenta)plantlets, facilitated by favourable growth
conditions.

Figure 4§ . Dasheen (C. esculenta var. esculenta) plantlet at day 12 after

inoculation with Pseudomonas sp. Two of the three leaves of the plantlet showed

symptoms of chlorosis
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Figure i2 .  Dasheen (C. esculenta var. esculenta) plantlet at day 18 after

inoculation with Pseudomonas sp. Loss of structural integrity in the petioles.

References
ANONYMOUS. 1970. Phytophtora colocasiaeRacib. Commonwealth Mycological Institute Distrilmm Maps of Plant

Diseases. Map No. 466. Commonwealth Agriculturalgaux, Slough.
BRADBURY, J.F. 1970. Isolation and preliminary spuaf bacteria from plant®kev PIPath 49, 213-218.

172



O. S. Knight et al.

CENTRE FOR OVERSEAS PEST RESEARCH, 1982. Pest abintiTropical root crops. PANS Manual, No. 4, Land

CHASE, A.R., Stall, R.E., Hodge, N.C. and JoneB, 1992. Characterization of Xanthomonas campestrans from aroids
using physiological, pathological, and fatty aaihlyses. Phytopathology 82, 745-759.

DIXON, R.A. Harrison, M.J. and Lamb, C.J., 1994.rlfaevents in the activation of plant defense reses. Annu Rev
Phytopathol 32, 479-501.

GOLLIFER, D.E., Jackson, G.V.H., Dabek, A.J., PlumbT. and MAY, Y.Y. 1977. The occurrence and traission of viruses
of edible aroids in the Solomon Islands and thetl8oest Pacific. Pesticide Articles and News Sumewa#3, 171-177.

HOLLIDAY, P. 1980. Fungus Diseases of Tropical Gropambridge University Press, Cambridge.

LIZUKA, H. and Komagata, K. 1963a. An attempt abgping of the genus Pseudomona&en Appl Microbiol 9, 73-82.

LIZUKA, H. and Komagata, K. 1963b. Taxonomy of gerRseudomonas with special reference to their moidegtabolism of
carbon compoundd.Gen Appl MicrobioB, 83-95.

LIZUKA, H and Komagata, K. 1963c. On the studiesmw€roorganisms of cereal grains. lll. Pseudomasakted from rice,
with special reference to the taxonomic studiestwbmogenic group of gend®seudomonas. Nippon Nogeikagaku Kaishi
37, 71-76 (in Japanese).

LIZUKA, H. and Komagata, K. 1963d. On the studiésnicroorganisms of cereal grains. I\Pseudomonaisolated from rice,
with special reference to the taxonomic studieuairescent group of geniseudomonas. Nippon Nogeikagaku Ka&hi
77-80 (in Japanese).

LIZUKA, H. and Komagata, K. 1963e. Studies on th&roorganisms of cereal grains. V. Nee species sguBomonas
belonging to fluorescent groulippon Nogeikagaku Kaisii7, 137-141 (in Japanese).

JACKSON, G.V. H. 1977. Taro leaf blight. Advisorgéaflet 3. South Pacific Commission, Noumea.

JACKSON, G.V.H. 1980. Diseases and Pests of TayothSPacific Commission, Noumea.

JACKSON G.V.H. 1982. A virus disease of Taro onrnfefePolynesia. Report to the South Pacific CommissNoumea.

KAY, D.E. (revised by Gooding, E. G.B). 1987. Crapd Product Digest No. 2 Root Crops, Second Editiondon: Tropical
Development and Research Institute, XV & 380pp.

MITCHELL, S.A., Asemota, H.N. and Ahmad, M.H. 1998actors affecting thén vitro establishment of Jamaican yam
(Dioscorea sppfrom nodal pieces] Sci Agi67, 541-550.

MURASHIGE, T. and Skoog, F. 1962. A revised mediiamrapid growth and bioassays with tobacco tissuleure Physiol
Plant15, 473-497.

PALLERONI, N.J. 1984. Genus Pseudomonadn Bergey’s Manual of Systematic Bacteriolpy'pl. 1, pp. 141-199. Edited by
N. R. Krieg & J.G. Holt. Baltimore: Williams & Wikis.

PFLEGER, F.L. and Gould, S.L., 1998. Bacterial idiaEases of foliage plants. 20 Jul. 2002. Unitesi Minnesota Extension
Service. (URL: <http/:www.extension.umn.edu/digitibn/horticulture/DG1170.html>).

SHAW, D.E., Plumb, R.T. and Jackson, G.V.H. 197@u¥ diseases of TardC¢locasia esculenjaand Xanthosomasp. In
Papua New Guinea. Papua New Guinea Agric J. 30;771-

UCHINO, M., Kosako, Y., Uchimura, T., and Komagata,2000. Emendation d?seudomonas stramindizuka and Komagata
1963. Int J. Sys Evol Microbiol 50, 1513-1519.

ZETTLER, F. W., Abo EI-Nil, M.M. and Hartman, R.978. Dasheen mosaic virus.

ZETTLER, F.W. and Hartman, R.D. 1986. Dasheen neosaius and its control in cultivated aroids. PA-802. In: Virus
Diseases of Horticultural Crops in the Tropics aBdbtropics FFTC Book Ser. 33. Food and Fertilizer TechnolGgnter
for the Asian and Pacific Region, Taipei.

ZETTLER, F.W. and Hartman, R.D. 1987. Dasheen noogiails as a pathogen of cultivated aroids androbof the virus by
tissue culturePlant Dis71, 958-963.

ZETTLER, F. W. and Jackson, G.V.H. 1979. Dasheenaicovirus. Advisory Leaflet 10. South Pacific Coission, Noumea.

173



