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INTRODUCTION

Tubers of several Dioscorea species constitute one of the major sources
of the sapogenin, diosgenin, which is used for the commercial synthesis of
valuable therapeutic compounds such as cortisone an® progesterone (4).?
Studies are being conducted at the Federal Fxperiment Station in Maya-
giiez, P.R., to increase the diosgenin content of these species through hy-
blldlza.tlon and selection,

TFew serious-diseases have been observed durmg the course of these
studies. However, a survey of 227 Dioscorea plants in a field at Las Mesas,
Mayagtiez, P.RR., in December 1963 revealed five distinct yiruslike symp-
toms in about 10 percent of the pla,nts The two pledormnant symptoms
ineluded a nondeseript mosaic, and a “green-banding’’ one. The symptoms
of the latter disease, by fai %he most common, consisted of a dark-green
banding of the main veins of the leaves, while the inferlaminate areas were
light yellowish-green (fig. 1). Since the planting consisted of several
Dioscorea species and hybrids, it was not evident whether the various
symptoms were the results of more than one V]I‘llS or of differential re-
sponses of the plants.

A second digease survey of the same Dioscores plants in autumn 1964
revealed a disease incidence of more than 95 percent. All the symptoms
observed in 1963 were found again; however, the green-banding symptom
greatly predominated. The marked increage in disease incidence preecipi-
tated the following studies on the nature and spread of the viruslike dis-
eases. Attention was concentrated on the green-banding disease. In vivo
therapy measures were also investigated.

METHODS AND RESULTS

MECHANICAL TRANSMISSION BY RUBBING

We attempted to determine whether the different viruslike symptoms
observed in the field could be transmitted by the usual rubbing technique.

! Plant Pathologist (present address: Univ. Ariz. Agr. Exp. Sta., Mess, Ariz.),
Agronomist, and Plant Geneticist, respectively, USDA, Agricultural Research Serv-
ice, Crops Research Division, Federal Bxperiment Station, Mayagiiez, P.R.

2 Numbers in parenthesis refer o Literature Cited, p. 157.
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We adso made cross-inoculations of Dioscorea composita Hewsl., 1. flori-
bunda Mart, & Gal, and D, spiculiffora Hemsl 10 aseertain whether one
or more viruses were responsible for the various symptoms in the ficld.
We prepared inoculum of cach symplom-type by maccrating leaves of
Dioscorea species or hybrids with a mortar and pestie in 0.05-mol phosphate
buffer (pH 7.0) contwining 0.01-mol eysteine hydrochloride (5 gm. tissue

Fra. 1 —Leaves of Dioscorea coneposile naturally infected with the groen-banding
virus, Lewtves of healthy plants aee uniformly green,

per | ml buffer). Fael inoeulum was rubbed onto the carborundum-dusted
lezves of three plants ol cach species with small checseelorh pads. An addi-
tional carborundum-dusied plant of each species was vubbed with buffer-
cyxteine hydrochloride solution for controls.

One plant of D, composila and one of D. floribunda vubbed with inoculum
from mo=nic-diseased  plant= developed  green-banding symptoms. One
plant of D. composita and two of D. floribunda, when rubbed with moculum
from plant= exhibiting (he green-handing symptom, developed the green-
banding discase. Transmission of the other virusdike diseazes mechanieally
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by sap moculation was unsuceessful, The results indieate that the mosaic
and green-banding svmptoms were mduced by the sume virus, which was
mned Lhe Dioscorea green-haonding vivus (DG BY).

Transmission of DGBY i three additional 1ests with imoculum from
mfected D, composita plani= waxs Jow and ervatic. It one 1est, only one of
live inoculated plants of 1. composita beeame infected, and ouly one of five
moculaded . floribunda plants was infeeted m o second 1e=t. None of five
1. composita plands heeame infected 1 a third {est,

TRANSMISSION BY CUTTING KNIFK

Mechanieal transmission of DGBV was difficult by the usuul rubbing
techmique. Nevertheless, some sueeess was obtained. Conseguently, we
atlempted transmission of the vivus by a cutting-knife, one of the usuul
methods of (uber propagation m the feld, To test such transmission, 10
DGBVanlected fubers of 1. composita were cut in half with a knife. Then
[0 healthy greenhouse-grown tubers were cut with the same knife. All
tuber halves were planted incindividual pols and the developing vines were
obscrved for virus symploms. After 5 months we observed no evidenee of
virus {ransmission by means of the cutting-kuife, Ouly vines from previously
imfectod tubers exhibited virus symptoms.

THANSMISSION BY TUBER-GRAFT

We removed tissue eylinders (8 X 5 mm.) from DGBV-infected tubers of
1. floribunda with a sterile cork borer, and similar ¢ylinders from healthy
tubers. We inserted the eylinders from the diseased tubers into the healuby
tubers, aud those from the healthy tubers into the diseased tubers. We
covered the wounds with anhydrous lanolin to prevent desiceution, and
planted the tubers (fve replications) in individual pols,

Only two of the five previously healthy tubers gernvnaled, and these
developed typieal DGBY symptoms, which indieated suecessiul fransmis-
sion through the tuber-grafts.

HOST RANGE

Five plants each of Capsicum annuunt L. *California Wonder’, Crotalaria
Jquncea L., C. stricta DC., Cucumis sativus 1., ‘PR 39, Dioscorea floribunda,
0. spieuliflora, Gomphrena globosa 1., Lycopersicon esculentum NOll *Alony’,
Nicotiana glulinosa L., N. tabacum 1. *Havana 38", Phascolus rulgaris 1.,
and Vigne sinensts (Torner) Savi. were dusted with carborundum and
inoculated with sap extracted from DGBV-infecled leaves of D. composita.
We also inoculated healthy D. composita plants to check the viability of
the inoculum. Two plants of cuch species, dusted with earboruudwm and
rubhed with buffer, serrved as controls.
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Only C. striata, D. composita, D. floribunda, and N glutinose developed
~ympioms. Inoculited plants of €. striefe grew apparenily unaffecied forv
almost 30 day<. Then terminad growth ceased and mauy axillary buds
hegan to grow, especially in the apper half of the plant. Older leaves ex-
hibited vem-yellowing or a mild motiling, Leaflets of the axillary shoots
were reduced inosige, malformed, and markedly cavled downward al the
margius. Inoculated D, floribunde plants, and the D, composita control
plant s, exhibited typical green-bunding svmptoms. Inoculited N glulinosa
plint= grew <lowly compared Lo the controls. Mter 30 davs the feaves yel-
lowed, wilted, and then hecame neevotie, beginning at the basc of the plant
al progressing upwards, Toventually, the planis died. The virus was re-
rovered frone infeeted L3, floribunda and N ghddinosa planis by back-innen-
lalion to 0. romposita.

Tnoculated N fabacunr plants renwined symplomless; however, the
virus was recovered from this host upon back-inoculation to . composita.

INRECT TRANSMISSION

The cotton aphid (:lphes gossypri Glov.)* often was observed infesting
Dioscorca vines in the Las Mesus arca, The vapid spread of the vivus in
the plantings alko suggested sect dizzeminution. To detevmiwme whether
the cotton aphid was a veetor of DGBY, portions of aphid-infested liealthy
and diseased vines were collecied in the field and placed on healthy 1)
composila plants  insectprool eages i the greenhouse. Approximatcely
20 pphids were placed on eaeh plant i cach of 4 replientions. The aplids
left the dying vines and infested the healthy plants, After | week ull the
aphids had died. No aphid multiphieation occwrred on the plants.,

Two plants infested with aphids from diseased feld plants developed
DGRBY <vmploms within 30 days, Al other plants remained healthy. These
results =uggested that some of the aphids transferred from diseased fielkd
plants were viraliferons, and were able 1o Gansmit DGBY o the test

plands.

THERMAL THERAPY OF INFECTED TUBERS

Nome viruses have been inaclivated e viro through high-temperature
treatment of whole plaaits or plant parts (2,6,7,8,9,(0), We attempled o
nmaelivale DGBY within viable, infected tubers of O, floribunda by heating
thew i water bath ar H0°C. for 5, 10, 30, and 60 minutes. We headed
four healthy and four mflected tubers at cach time nterval and thew im-
mersed them in we water for 5 niuutes before planting in individual pots

3 Tdentificd by George W, Mislimen, Entomolegist, USDA, Apricuttural Researel
serviee, Mnlomoelogy Hesearch Division, Federnl Ixperiment Stution, Masugiics,
I’R.
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of slerihized =oil. Noune of the thermal (veatments inactivated the viras in
the irdected tubers,

Fa apother experiment we placed six healthy and six DCGDBV-infeeted
iubers of . floribnda for 2 weeks inan incubator at 37°C. with a high
relative humidity. We planted the tubers and obxerved the germimading
vines for virus svmptoms, Three healthy and three infected tubers germi-
pafed. Al of the former produced healthy vines, while the latter produced
vines with DGRV symplows,

DISCUSSLON

The green-banding virus of Diescorea was extremely dificult 1o (ransinit
mechunically by rubbing healthy plants with sap extracted from diseused
plant=, Cy=icine hydrochloride, a strong redueing agent, was added 1o the
uoeulim to counteract the rapid oxidation that ocewcred when Dioscorca
sap wis oxtracted, Nevertheloss, we varely oblained move than 20-peveent
ransmission from diseased to healthy Dioscorea planis. Consequently, only
positive results i the host-range studies ave considered significant.

The positive infcetion of C. striala may have special significanee. This
plant ix & common weed growing iy the Las Mesas area and in olher par(s
of Puerto Rico. Iurther studies may reveal {hal this plant serves as a
reservoir lor the Dioscorea virus, This species may alko prove u=eful ax a
source-plant for moculum m fulure wvestigations,

The rearing of colton aphids on eaged plants in the greenhouse was not
feasible. Thus, we could make only preliminary tests, The meager evidence
obtained, however, suggests that aphids ave respousible for the rapid spread
of the vitus in the field. More preeise aphid-fraismission studjes arve neces-
sary o confirm the mode of virus dissemination. '

Thermal-therapy treatments under the conditions of ouwr study failed
to inactivale the virus in rive. However, the longer thermal periods teaded
to stimulate tuber germimation. Ouoly two of eight tubers (healthy and
mfected) sprouted after a S-minute freaiment ; three of aight after 10 min-
utes; eight of cight after 30 minutes; and six of eight affer 60 nunutes. Thus,
Tngher temperatures or longer durations could be used that may prove more
effective i [veeing tubers from {he virus,

The difficully i travsmitting the virus by sap-inoculaboun prevented
studies of physieal properties of the virus. Consequently, it was impossible
{0 compure our Dioscorea virus with that reported by Adsuar (/). However,
he reported suceessful infection of Cucumes sativus, whereas our test with
this =pecies was pegalive. Since we were unable (o germinale (ubers of
D. rotundata Poir, symplom comparisons between our isolate could not
he made with Adsuar’s virug, which produced a mosaie of thiz host, How-
ever, our isolate induced the green-banding symplon in al Dioscorea species
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m the fiekd, ncluding D, composita, D. florihunda, . Jriedrichsthalii, mul
D). spiculiflora. Nevertheless, the oceasional induction of mosuic symploms
by owr isolate may indicate thal it is identical with the one reported by
Adsuar,

Cook (.2} reported a mosaie disease of Dioscorea sp. from Puerto Rico,
and Deighton (3) deseribed a similar di<case from Adview. Sinee these invesu-
eators did not wdy the eausal virus, comparisons with our isolate could
nol be made.

SUMMARY

Virus inewdenee inereased from 10 1o more than 95 percent in a feld-
planting of Dioecorea spp. between 1963 and 1964, The predominant symp-
tom consisted of dark-green bands of tissuc bovdering the maimm veins,
while the interluminate areas of the leaves were yellowish-green. "The
virus was mechanically transmitted o Dioscorea composita, 0. floribunda,
('rolalaria stricta, Nicoliano glulinosa, and V. labacum. N. tabacun was o
symptomless host. Symptoms obscrved on D. friedrichsthalii and D. spicu-
Liflora i the Aeld were similar to those obscerved on other Dioscorea spp.
in the greenhouse. €. striata, 1« common weed in Puerto Rico, may serve as
w rescrvoir for Lhe virus, The virus was not {ransmitted with a tuber-cutting
knoife from discased fo healthy {ubers, but (ransmission was cffected through
wuber-grali=, The virus could not be imactivated én eivo with high tempera-
ture treatments of the tubers, Preliminary evidenee suggested that the virus
is transmitted by the colton aphid (Aphes gossypis).

RESUMEN

La incidencia de un virus que ataca el fiame aumentd de menos de 10 a
més de 95 por ciento en una siembra de fiame (Dioscorea spp.) que se
sembré en 1963 y se coscchd en 1964, El sintoma predominante consistio
de franjas verde obscuras en el lejido proximo o las venas principules,
mienfraxs que lax dreas interlaminadas de las hojas eran de un color verde-
amarillento. El virus se transmitié mecadntcamente a tubéreulos de Dioscorea
composite, D. flortbunda, C. striala, Nicoliona glulinosa y N. labacum. N.
fabacum no reveld ningdn sintoma del virus, Se observaron sintomas simi-
laves en D. friedrichsthalit y D, spiculiflora, en el campo, asi como en olras
especies de Dioscorea en ¢l invernadero. C. striale, un verbajo comdn en
Puerto Rico, puede scrvir como fuente de contaminacion del virus, 16
vitus no se fransmitio de los tubéreulos enfernios u los sanos con Ja cuchilla
que sc usd para cortarlos, sino mediante la implantacion de injertos a los
tubérculos. Fl virus uo se puede inactivar m rico sometiendo los (ubéreulos
a allas temperaturas. La evidencia preliminayr parecié indicar que el virus
fo transmite el pulgén del algoddu (A phis gossypit).
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