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INTRODUCTION
 

Tli legumitous fltrn of IPt 'ii-t Ric.eis omplrisT-vi by 1101v ihan 21)50 
sp~ee'is. .1Miaun of tlh.s Ini'l).r virtsvs lh(idt'iit ies of whic.h n uikiitwi 
or are not well ,sta)lishled. Sevt'ril virtis dlisases of vdilh hguincs ha.,ii, 
been studivd in liv Island (1, 10, 5). 
Common I)'Sali mosatic lawiily Ias Ili ((I'eed illfield pilatings of 

('Xpe'menil lies (2). Oil( of thw most imiport loal legume vius\is('s

perl'ri pS ihw ubiquitous whitfiy-IrImixiiiedi( .:Iiv'tus of It l nct'sia
 
minima (fig. 1). liis virus is val'.h,-of in(ltiilig mihl yelhm'iig, and 'evevit
 
Curling and silling of (ifit'-,ri'ii v'rit'livs tn lir', of 'talls (5). It has n
 
wide host Itilg(tantl (etlises st'v''iI' ielti iio.s ill lli'tL.A
letf ('tIi'lt 
goldel-yHVlow nlostli, was ol)s.rlv'd ill th livid reviill I tiel't tili vl'iieiis 
of blaus, (lIascolus 'ulyaris), that failed to d(l oph)siiilar .+lllttlis illtill grvvclioh.ts wilvn illoculted via whilfli(,s with thV, Mo,1i virls (if
 
I. minima. 

Nonle of t i'x'it sly s tlitd ligit', vir'use's in Pnlt Hico ,i'itdgohhvin-ye~llow mosaicv sx'nloms oill P. vih,aris. Symplonis (figs. '2.and 3) 
('orr's)lding t) liost' tIhst'r'vtd lnltians were fttItl ill Vial'ious l"ali:ies
of Ih(v Ilil-lllVI~lllwe.vil1(annilh-etl aritrs H'icoI,oifPurlo'( till
lPha.ebls
 

hnalus va'. Haim d.It ItI..
Till- golde'n-ye.Ihow symlons o.ms(rvwd oil limat Ibvals ill ilh,fivld were 

of the tyli' gt'at 'lnilltlsst'i(aIt'd with rtigt',tous vlrulscs. This ISiit'si is 
aSStnn(d Ihertl't ',tt lt'ebva 'lst'(l by It'e i oftll ,ttlgiimid virits IIn'i l's­
milld ill illpr'ohability by Bemisia labaci rit.t' si,a',,I whilvl whi,.h 
O('t'l',+ oin naii1'Y ,diblh antd wild h'gum(,s ill lt'v lshrld. This la.e (ifB. 
labaci has bteten shotwn calit'h of propaJ Ingatnig ftolr a plar'atly distintviruses ill P~liito Ili(-()(5), ;Anollh{i'virave,(o hftilnS-ll,- whitwfly, i.v,., B. 

labaci ra'te jal'iphae, sprlrt'nds ih( moisaic' virus If ,]a/i'IIha y~smxypfolia iin 
the Island (3). 

This r''t)prt ic'ludes data (itnIlittransmissibiliiy of tlit'gdii-ytlow 
Mainuscri p submitted to 'tdilrial loard Nlav 14, 1971. 
DI)ireelor, 1)epartiet itof Plnt i liolthgy tiitdlihty atind litieri'ltgist, re­

apectively" , Agl'i('ilhiril E'xpjerimeni Stiitt, Muay'giiez Cmiput 'ivi oftis, tersity
Puerttt lit., 111tPeti'das, P.Ri.; Phitii Patlothtgis s, Federal E'XPrlleltnl Sliititi
USDIA,Myt iiez,P.11.; atnld A sistinit Phit atllo gis ,.A gri'ultiidri ExperhimentStat ion, Mayligil.'z Captus, L'iiversiy of Puierito Rico, lWlt) Piedi'set, P.11. 
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FIG. 1-hynchosia ininna, A, and Phascolus vulgaris var. Caraota negra, B, 
affected by the whitefly-transmitted mosaic virus of R. inintma. 

mosaic virus of P. lunatus. Evidence is furnished indicating that the causal 
agent of the mosaic of R. minima is not closely related to the golden-yellow 
mosaic virus of P. lunatus. Data is presented proving the latter virus 
responsible for the field golden-yellow mosaic of beans. 

MATERIALS AND METHODS 

MECHANICAL INOCULATIONS 

Mosaic-affected leaves of P. lunatus var. Haba de toc6n intended for 
mechanical inoculation were collected from field plants or potted field 
plants kept, in the greenhouse. These leaves were washed with fresh tap 
water and crushed in a mortar. The resulting sap was used to inoculate, 
mechanically, plants of Desmodhwn incanum, P. lunatus var. Haba de toc6n, 
P. lunalus var. Henderson Bush, P. vulgaris var. Criolla, P. vulgaris var. 
Diablo, P. vulgaris var. Jamaica, Vigna repens, and V. sinensis var. Black­
eye. Prior to inoculation, plants were dusted with carborundum (600 mesh). 
A total of 30 plants of each species were inoculated, without chemical 
adjuvants, in three trials, at the rate of 10 plants per trial. Suitable non­
inoculated controls, one for each plant inoculated, were maintained in a 
separate greenhouse. 
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INOCULATIONS VIA WHITEFLIES 

Cylindrical, lumite screen-topped, plexiglass cages of various dtianeters
and heights were employed in the transmission studies (4). Simpl, plastic
tubular collecting devices of the sucking type were used to collect and
transfer the whiteflies. Test plants were kept, up to the moment of coloniza­
tion, in small glass-topped cages with lumile screen sides, similar to those
employed in previous studies (3, 4). Virus-free stock cultures of the whitefly
B. tabaci race sidac were maintained on caged plants of Sida carpilnifolia.
The insects were obtained originally from Cliamacsyce h!piricifolia. For 
virus acquisition, the aviruliferous whiteflies were released (mass num1bers)
on potted, eaged-source l)lants and allowed acquisition feeding periodan 
of 24 hours. Because, once released inside the cages, the great majority
of the insects migrated to the lumite scI'rvn top which is usuallY well 
illuminated, at cylindrical hood made of black velveteel was fitted over 
the cage to a Iieight that coincided with tfhl uppwermost level of the foliage.
This measure insured almost immediate migration of the whiteflies from 
the top of the cage to the foliage of the test plant. In well illuminalteld 
places, collection of whiteflies was facilitated by )lacing at black maatte 
cloth behind the colonized source plant. This resulted in improved 'ontrast 
and aided greatly in collecting whiteflics from ihe golden-yellow mosaic­
affected leaves. Viruliferous whiteflies, generally 50 individuals p,r plant,
were allowed an inoculation feeding period of 24 hours on the te(st )lants.
They then were blown away from the inoculated plant with a jet of air or 
killed by spraying with nicotine sulfate. Most of the fabaceous hosts were 
inoculated at a tender stage, just before em('rgen'( of the first trifoliate. 
As a rule, other test plants were inoculated at the six-leaf stage. Suitable 
uninoculated controls were also included in this trial. 

RECIPROCAL INOCULATIONS 

For this trial a set of 10 healthy P. hnalus var. Haba de toc6n plunts
and another set comprised by 10 healthy plants of ?. minimia were cross­
inoculated via whiteflies with the mosaic virus of R. minima and the golden
mosaic of P. lunatus. The viruliferous condition of each batch of whit'flivs 
was verified by inoculation of the respective primary host. This l)articular
test was repeated twice. A total of 10 plants of each species was used in 
each test. 

CROSS PROTECTION STUDY 
For the study on protection, eight plants of the lima bean variety Render­

son Bush (susceptible to both viruses) were inoculated via whiteflivs-,50
viruliferous individuals per plant-with the mosaic virus of ?. minima. All 
the plants thus treated developed systemic but mild symptoms consisting 
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of irregularly distributed angular chlorotic blotches accompanied by slight 
distortion of the laminae of the leaves. Four of the eigh, plants thus infected 
were challenged with the P. lunatus virus which also was inoculated via 
whiteflies at the rate of 50 indi-;iduals per plant. The remaining four plants 
were kept in cages as controls. 

RECOVERY OF THE GOLDEN MOSAIC VIRUS OF P. lunatus Fnoi
 
BEAN PLANTINGS
 

A number of branches with young turgid leaves bearing golden-yellow 
mosaic symptoms were collected from two bean fields, respectively, in the 
north-central and northwestern parts of the Island and transported to the 
greenhoue at Rio Piedras. On arrival, the freshest looking branches were 
washed -itlhcool tap water and dried by shaking a few times. Then the 
basal end of each branch was driven about 13.; inches into deep storage 
dishes filled to their brims with water-drncled sand. The excess water in 
each storage dish was decanted to consolidate the sand and thus provide 
adequate anchorage to thi branch. The complete unit, i.e., branch and 
storage dish, was then covered with an appropriate cylindrical cage and 
mass-colonized with virus-free whiteflies. The insects were allowed to 
remain on the virus source plants for 24 hours. After this time, tie whiteflies 
were released in batches of approximately 100 insects per plant, on caged 
plants of P. t:ulgaris var. Diablo, P. tulyaris var. Contender, P. i'ulgaris 
var. Galana, P. vulgaris P.I.2S7536, P. ulgaris var. Caraota Negra, P. 
vulgaris var. Green Refugev, and P. lunalus var. Ramos. A parallel test 
was conducted using whiteflies carrying the golden-yellow mosaic virus of 
P. lunalus for comparative purposes. 

EXPiERIMENTAL RESULTS 

MECIANICAL INOCULATIONS 

None of the plants inoculated by mechanical means developed symptoms 
of disease after the end of 1imonths. The uninoculated controls also 
remained healthy. The results of these inoculation trials were taken as an 
indication that the causal agent probably was insect-borne under natural 
conditions. 

TRANSMISSION VIA TIlE WIJITEFLY B. labaci RACE sidae 

Adult whiteflies, as well as pupae, of B. labaci had been observed on the 
foliage of mosaic-affected P. lunatus plants growing in various barrios in 
northern Puerto Rico. Adult whiteflies (B. tabaci race sidac) collected 
from P. lunatus were found to feed and breed well on C. hypericifolia and 

3 Pupae were kindly identified by Dr.Louise M. Russell, Insect Identification and 
Parasite Introduction Research Branch, AIRS, USDA, Washington, D. C. 
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TABLE .- Range of the Plimseolts lunatus virus and of its whitefly rector (Benisia
tabaci race sidne), is well as symptoms induced by the former, on a

series of selected hosts inoculatedin the greenhouse 

Number of 
plants Colonizationinoculated (+ or -)3

Plant species successfully Symptoms ontreated 

over total test plantsnumber of Feed- Breed­plants tested' ing ing 

Ipomoea quinquefolia 0/50 + + None 
Jacqucmontia tamnifolia 0/30 + + NonePhascolus lathyroides 8/40 + + GYV, GYM
Phascoluslunalus var. hahi do toc6n r39/42 + + GYV, GYMPhascolus lunatu~s var. Henderson 18/24 + + GYV, GYM 
Phascolus vulgaris var. Criolla 37/40 + + GYV, GYMPhaseolus 'tulgarisvar. l)iablo 30/40 + + GYV, GYM
Phascolus rulgarisvar. Harvest King 30/30 + + GYV, GYM
Nicotiana tabarum var. Virginia 12 0/20 + + None
Rhynchosia minima 0/40 + + None 
Sida carpinifolia 0/60 + + NoneSida rhombifolia 0/50 + + None

Vigna sinensis var. Black 
 0/20 + - None

Vigna sincnisis var. IBlackeye 
 0/20 + - None 

150 insects per platnt.
2+ denotes that whitellies fed or bred well; - denotes that whitetlies failed to 

feed or breed. 
GYV-Golden-yellow veins. 
GYM-Golden-yellow niosaie. 

S. carpinifolia. Itt a series of prelimiiiary causaltrials ilhe agellt was Ie­
peatedly transmitted via B. labaci race sidac from diseased io healhN 
plants of P. lunatus var. ilaa de toe6i. lurther ittoculalion ,,sts wt',
carried out using not only 1'. htnalus var. lial dehvtt mnIl ltll'r local 
lima bean and bean varieties and the )rilmary lioss of some wellof Ilie 
known Puerto Rican whitefly-transmitled viruses. The firsl . v\lplol$s(il
P. lunalus and beans 'appeatred, somet imes, as early :i3to -1d:1's afte r file 
plants were exposed to viruilifelrous whitleflies iliI consist ed tf small thill
yellow blotches, sometimes stalr slited, along tlie veinlets (fig. -*). After at 
day or two, ill the case of developing leaves, Ittore of thiese bloIIclt. .ie ­
peared. At the end of about S days most of the veiutllcts had becolne gsltel -
yellow ill color giving the leaf : reticulaltled :ppearance, the veinal system
yellow, backgrountled by the dal'lk greenI color of lte leaf. In g .ental, sub-
Sequent trifoliates (level),ped systellic goldeli-yellow mosaic. However, lie 
leaves of Some platts only developed golde,n-yellow veint symlplouis (fig. 5).
Table 1 shows file results of this limiled host range study. Beali plants
developed symptoms not at all similar to those normally seen on plants 
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FIG. 2.-Phascolus lunatu8 var. 
Ilaba de toc6n plant, A, and trifo-
Hate leaf of a Diablo variety bean 
plant, B, affected by the Puerto Ri­
can golden-yellow mosaic virus of P. 

FIo. 3.-Close-up of golden-yellow 
mosaic-affected leaves of Phaseolus 

lunatu var. Haba de toc6n. 
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affected by the R. minima mosaic. The P. lunalus virus generally provokes 
a golden-yellow mosaic and also induces some curling and distortion of the 
leaves. The latter symptoms are not as severe as those induced on the 
foliage of beans by the Rhynchosia mosaic virus. 

RECIPROCAL INOCULATION TESTS 

None of the P. lunalus var. Haba de toc6n plants subjected to whiteflies 
carrying the R. minima mosaic virus developed symptoms of disease. 
Similarly, none of the R. minina plants treated with whiteflies carrying 
the golden-yellow mosaic virus of P.lunatus developed symptoms of mosaic. 

CROSS PROTECTION STUDY 

Plants of the bush lima bean variety Henderson, mildly but systemically­
infected with the mosaic virus of R. minima, developed extremely severe 
golden-yellow mosaic and leaf distortion symptoms S days after being 

TABLE 2.-Symptoms incited on a series of leguininous hosts, separately inoculated
 
via the whitefly Bemisia tabaci race sidne, by two field isolates of bean
 

golden-yellow mosaic virus and by one isolate of the golden-yellouw
 
mosaic virus of Phaseolus luatus
 

Isolate, number of plants infected over total number treated and symptoms, 

Bean golden-yellow lBean golden-yellow P. lunatui golden-yellow
mosaic virus, Mayaguez mosaic virus, Biarceloncta I mosaic viru., Vega Baja 

isolate isolate isolate 
Host Number_ 

Number Number Number 
infected infected infected 

Seovover
 
totat Sonptoms otal Symptoms total Symptoms 

number number number 
treated treated treated
 

P. 	 vulgaris var. Di- 4/6 GYV, GYM 6/6 CYV, GYM 3/6 GYV, GYM 
ablo 

P. vulgaris var. Con- 5/6 GYV, GYM 4/5 GYV, GYM 5/6 GYV, GYM 
tender
 

P. 	 vulgaris var. 3/6 GYV, GYM 2/5 GYV, GYM 4/6 GYV, GYM 
Galana 

P. vulgarisP.I. 287536 2/6 GYV, GYM 4/5 GYV, GYM 2/6 GYV, GYM 
P. 	 vulgaris var. 2/6 GYV, GYM 5/6 GY\', GYM 3/6 GYV, GYM 

Caraota Negra 
P. 	 vulgaris var. 3/6 GYV, GYM 2/6 GYV, GYM 3/6 GYV, GYM 

Green Refugee 
P. 	 lunatus var. 1/6 GYV, GYM 5/5 GYV, GYM 2/6 GYV, GYM 

Ranos 

GYV-Golden-yellow veins.
 
GYM-Golden-yellow mosaic.
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superinoculated via whiteflies with the P. lunatus mosaic virus. Tile golden­
yellow reticulation of the vins also became evident oil the inoculated 
plants. The control plants, i.e., those infected only with the mosaic virus 
of R. minima, remained with mild but systemic infection. 

RECOVERY OF THE GOLDEN-YELLOW MOSAIC VIRUS OF P. Iu0MttI1S
 
FROM DEAN PLANTINGS
 

Table 2 shows tie results of the parallel tests carried out in an attempt 
to verify whether or not the field golden-yellow mosaic virus of beans is 
related to tile golden-yellow mosaic virus of P. lunatus. Symptoms that 
developed on ihe various plants inoculated via whiteflies with the field 
isolates were identical with those incited on the same hosts by the known 
isolate of the golden-yellow mosaic virus of 1'. lunatus. 

)ISCUSSION 

The evidence derived from inoculation of selecld hosts, as well as from 
reciprocal inoculation and cross prot(,ciion studies (escriled herein, indi­
cate rather strongly that the Puerto Rican whitefly-transmitcld viruses 
of R. minimna and P. lunatus are not closely related, although they have 
several characterisics in ,ominon. The incubation period of the P. hnalus 
virus on fast growing hosis (beans and lima beans) can be extrenely short; 
72 hours from inoculation to onset of primary symptoms. The same cannot 
be stated about tile incubation of the, mosaic virus of R. minima on fast 
growing hosts. Bean and susceptible lima bean plants normally develop 
primary syml)tois S to 14 lays after inoculation. M1oreover, the primary 
symptoms, angular .llorotic blotches l)roml)ted by the Rhynchosia virus, 
were not similar to those irovold on tie same hosts by 111v P. luuaffis 
virus. Furthernor,, secondary and late Sympto((ins of both diseases oii 
beans and lima beans were quite different . The P. lunalus virus induced 
golden-yellow symptoms on susceptible hosts with great consistTnc.v, inI 
contrast with tilie light yellow symptos incited, in general, by the virus 
of R. minima. R. minima, ,%'hich is the primary or main host of the Rhyn­
chosia virus, failed to become infected when inoculated with the P. unalus 
virus via B. tabaci race sidac. Similar results were obt ainecd on inoculating 
P. lunatus var. Haba de toc6n plants witli the lhynchosia virus viia the 
same race of whit efly. Both viruses affected litna bean plants of the variety 
Henderson Bush causing (lifferent symptonis. Also, Rhynlchosia virus­
affected lima bean plants of this last variety developed severe symptoms 
of disease (superimposed infeltion) when inov.ulated via white(flies wi t ihe 
P. lunalus virus. The (listinct golden-yllow mosaic characteristically 
provoked by tie P. lunalusvirus appalr(d clearly ol plants hus chall(nged. 

The results obtained from inoculation of sel(cted hosts indicated that the 
P. hinatus virus is not closely related to the Puerto Rican whitefly-trans­
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mitted viruses of Ipomoca quinquefolia, Jacqucniontia lai nifolia, R. 
minima and S. carpinifolia. No attem ts were made to inoculate plants of 
J. gussypifolia with the mosaic virus of P. lunatus. The writers believe 
the causal agent of this last disease is not related to the w\hiteflv-trmsmimt-d 
mosaic virus of J1. ossypifolia. The Jalropha virus is transmitted by B. 
tabaci race jalrophac, a whitefly mostly restricted in its r'ig, to hosts of 
the genus .Iatropha. Attempts made to breed and feed t ,iis hisl rac, of the 
whitefly B. labaci on legumiious hosts h'ave not beell s11ccessf l. lPerlips 
even more important is that attempts made in Puerto Rico to infect beans 
with the Jatrophavirus via t le two lown races of B. tfbaci li'e not been 
successful. 

That field isolates of the golden-yellow mosaic virus of beans provoked
lie same syliptons ol a series of selected hosts as those eli I" tIlebyited
golden-yellow mosaic virus of P. lunalus is more 1h:111 a fair indicati in if 
close relationship. They areipossibly identical or at least closely related 
strains. 

The symptoms of tle Puerto Rican goldehn-yellow mosaic of b(eans and 
lima beans are remarkably similar to those reported by Costa (6) for tle 
golden mosai, of beans in tle State of Sao Paaulo, Brazil. They also re­
semble those described by (hnmez (8, 9) for tho vIlyow molle (motleado 
amarillo) of beans ii El Salvador. Whether or not the calsal agents of 
these diseases are one and the same remains to be (leternind.


Two whitefly-tranismittd higunme viruses are known thus far to 
occur 
in Puerto Rico. Boi 'icause serious and well distributed distaes of beains. 
Further research will he dirccted towards determining tlle gn<,ral host 
range, vector virus rehltionsiliis, etc. of the godell-vellow Illosaic virus of 
P. hnalis. Perhaps more informat ioi on the Iehilioshilis of rugaceols
viruses could be gainvd through lh,. tron micros.opy. KliiwhI (Igp i Iparti­
cle morl)hology of whiit efly-trismitted v Iruses sc.not (7). More re~search 
on this aspect might bring rewarding results from hoth basic and practical 
standpoints. 

SUMMARY
 
A golden-yellow mosaic virus of JPhaseoluslunatus was detected recelill
 ' 

in Puerto Rico. The virus was transmitted bI"the whitefly Bmisia tabaci 
race sidae. It causes a golden-yellow mosaic of beans. It was isolated from 

FiG. 4.-Early symptoms elicited oi lian bean, A, and bean, B, ,aflets by the 
golden-yellow mosaic virus of P. lunalus. 

FIG. 5.-Golden-yellow vein symptoms provoked by the P. lunatus virus on lima 
bean plant of the variety Rarnos. 
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bean plantings located in the northwestern and north-central parts of 
Puerto Rico. Available evidence indicates that the P. lunalus'virusis not 
related, at least closel', to the Puerto Rican whitefly-transmitted mosaic 
virus of Rhynchosia mnima. Symptoms induced by the P. lunaffus virus 
are remarkably similar to those elicited by the Brazilian golden mosaic 
and the Salvadoran yellow mottle viruses of beans. 

IRESUMEN 

Recientemente sc descubri6 en Puerto Rico un mosaico dorado en Phaseoluslim­
tus. El virus lo transmite la mnop-a blanca Bemisia labaci raza sidae y afeeta ]a habi­
chuela coffitin, causilndole un mosaico dorado. El virus se aisl6 de siembras coner­
ciales do habichuclas localizadas en is secciones norte-central y noroeste te la Isla. 
Todo parece indicar que dicho virs no estd relacionado, por lo menos estrecllamente, 
con el que causa el mosaico dc Rhynchosia minima. Los sintomts provocados por ci 
virus do P. lunalus son inuy parecidos a los del mosaico dorado del Brasil y los del 
moteado amarillo, que afecta ha habichucla en El Salvador. 
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