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ABSTRACT. A citrus ringspot virus isolate (CRSV-6) was isolated from a sweet orange tree with 
severe psorosis bark symptoms in Lake County, Florida. Sweet orange seedlings graft-inoculated 
with CRSV-6 developed necrotic shock symptoms in young shoots, flecking and chlorotic blotches in 
young leaves, mature leaf symptoms, and bark lesions. The CRSV-6 isolate was mechanically trans- 
mitted to Chenopodium quinoa and single-lesioned twice in this host. Several single-lesion isolates 
were transmitted to Gomphrena globosa and produced typical chlorotic blotches and spots. Isolates 
were transmitted mechanically from G. globosa to Etrog citron, and subsequently by graft transmis- 
sion from citron to navel sweet orange trees on sour orange rootstock. The graft-inoculated sweet 
orange trees quickly developed leaf and twig symptoms similar to those induced by the original field 
source. Trunk lesions developed 9 to 12 months after inoculation. This is the first demonstration that 
an infectious agent mechanically transmissible through C. quinoa and G. globosa, and back to citrus, 
can induce psorosislike bark lesion symptoms. 
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The psorosis complex of citrus 
consists of several diseases which pro- 
duce chlorotic patterns in young cit- 
rus leaves and varying bark and/or 
wood symptoms (7, 11). The causal 
agents have never been well charac- 
terized, but are assumed to be virus 
or viruslike. Crinkly leaf and infecti- 
ous variegation were once included in 
the psorosis complex based on leaf 
symptoms, but have now been as- 
sociated with a distinct, well-charac- 
terized virus (7). 

Bark-scaling symptoms have com- 
monly been associated with psorosis 
A and psorosis B (3, 12). Bark symp- 
toms of psorosis B are similar to those 
of psorosis A, but are more rampant 
and are frequently associated with 
fruit and mature leaf symptoms (3). 
Bark-scaling symptoms are fre- 
quently not expressed on young prop- 
agations of psorosis-infected budwood 
or in psorosis-inoculated indicators, 
even though these show distinct leaf 
symptoms. Inoculum taken from le- 
sion areas on branches may produce 
more severe reactions in indicator 

'Mention of a trademark, warranty, pro- 
prietary product, or vendor does not constitute 
a guarantee by the U.S. Department of Agri- 
culture and does not imply its approval to the 
exclusion of other products or vendors that may 
also be suitable. 

plants than inoculum from nonlesion 
areas. Wallace suggested that psoro- 
sis B was not a distinct disease, but a 
reaction of healthy plants to lesion in- 
oculum of psorosis A (12). 

A mechanically transmitted virus- 
like agent identified as citrus ringspot 
virus has been recovered from trees 
with severe bark scaling in several 
citrus-growing areas (4, 5 ,  8). An as- 
sociation of citrus ringspot to psorosis 
B was suggested based on fruit and 
mature leaf symptoms (9), but this 
has been questioned (11). Despite a 
close association between the pres- 
ence of mechanically transmissible 
citrus ringspot virus isolates in field 
trees and bark scaling, no causal re- 
lationship has been demonstrated. 
The Texas citrus necrotic ringspot 
isolate is the best characterized iso- 
late of ringspot, and when transmit- 
ted to herbaceous hosts and back to 
citrus reproduced all the original fo- 
liar and fruit symptoms (10). Bark 
lesions, however, were not readily ob- 
served in young citrus trees infected 
with either the original or mechani- 
cally transmitted subisolates of the 
Texas source (coded CRSV-4 in 
Florida). 

In this study, we report the first 
direct association of a mechanically 
transmissible agent to lesion bark 
symptoms of psorosis. 
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METHODS AND MATERIALS 

Original isolate. The origin of the 
citrus ringspot isolate used in this 
study was an old navel orange tree 
propagated on sour orange rootstock 
near Leesburg, Florida. This tree 
(coded LC-15) showed extensive bark 
scaling on the trunk and scaffold 
limbs. The canopy was thin and dis- 
tressed on limbs with extensive bark 
lesions, and leaf flecking and oak leaf 
patterns were observed in young 
leaves. Glasshouse-grown sweet 
orange plants propagated on sour 
orange rootstocks were inoculated 
with bark lesion inoculum from LC- 
15. The inoculated plants showed se- 
vere necrotic shock symptoms, vari- 
ous leaf patterns including ringspots, 
and bark lesions so extensive that 
twig or shoot dieback frequently oc- 
curred. No bark lesions were ob- 
served in the sour orange portion of 
the trunk. Leaf piece and lesion bark 
subinoculations reproduced the same 
syndrome. This isolate was sub- 
sequently designated as Florida cit- 
rus ringspot virus isolate no. 6 
(CRSV-6). Subisolates from this 
source which have been mechanically 
transmitted to citrus and herbaceous 
hosts have been identified with a sub- 
letter as indicated. 

Glasshouse conditions. Plants 
were maintained in a partially shaded 
glasshouse equipped with evaporative 
coolers as previously described (5). 
Mechanical transmission experiments 
were normally conducted during 
periods when temperatures could be 
maintained from 21 to 26 C. Some in- 
oculated plants were incubated in an 
air-conditioned, clear plastic cell 
within the glasshouse which was 
maintained near 24 C. Chenopodium 
quinoa Willd. plants were grown 
under supplemental lighting (16-hr 
photoperiod) to inhibit flowering and 
promote succulent, vigorous growth. 
Light quality and intensity factors 
were not recorded, but bush bean 
(Phaseolus vulgaris L.) and cowpea 
plants, (Vima urtguiculata (L. ) 
Walp.), were slightly etiolated when 
grown under these same conditions. 

Transmission. Unless noted 
otherwise, standard procedures as 
previously described (5) were used to 
mechanically transmit the virus iso- 
lates used. Mechanical transmissions 
to citrus receptor plants were made 
only to soft, partially expanded young 
flush leaves. Inoculations to C. 
quinoa and Gomphrena globosa L. 
plants were made to leaves of varying 
ages on each plant. 

Single-lesion cultures of CRSV-6 
were selected from leaves of C. 
quinoa with well-defined and well- 
separated local lesions 10 to 14 days 
postinoculation. Individual lesions (2 
to 3 mm in diam) were dissected from 
the leaf and rapidly triturated with a 
sterile glass rod in a drop of buffer on 
a cold glass plate. The drop of lesion 
extract was applied to a receptor 
plant with a glass rod or finger tip. 

Leaf piece graft-inoculation proce- 
dures used were as previously de- 
scribed (10). 

RESULTS 

Navel orange plants propagated 
on sour orange rootstock showed a 
rapid and severe response to graft in- 
oculation with lesion tissue from the 
LC-15 tree. Leaf symptoms often ap- 
peared 12 to 16 days after inoculation 
and twig lesions were often evident 
within 3 months in the glasshouse. 
Often, most or all of the navel scion 
died and only sour orange rootsprouts 
remained. These sour orange sprouts 
showed foliar symptoms, but no bark 
lesions. 

Local lesions (fig. la) appeared 7 
to 10 days postinoculation when C. 
quinoa plants were inoculated with 
inoculum prepared from chlorotic 
mottled, young leaf tissue of CRSV-6- 
infected navel orange plants with 
shock symptoms. Lesion development 
was somewhat slower than for most 
other isolates of CRSV we have 
tested. In common with other isolates 
of CRSV, lesions were most pro- 
nounced on leaves which were fully 
expanded when inoculated. Lesions 
on older leaves were also more necro- 
tic than those on younger leaves. 
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Single lesions from different 
leaves were reinoculated to healthy 
C. quinoa plants. The area of the C. 
quinoa leaf inoculated with one drop 
of local lesion inoculum generally de- 
veloped numerous lesions which 
coalesced. The tissue in the coalesced 
lesion area was harvested and used to 
inoculate G. globosa plants or addi- 
tional C. quinoa plants. 

The local lesion isolation proce- 
dure was repeated from C. quinoa le- 
sion inoculum. First and second gen- 
eration local lesion isolates increased 
in G. lobosa (fig. lb) were then 
mechanically inoculated to young 
Etrog citron and Mexican lime recep- 
tors. One first generation (coded 
CRSV-6a) and three second genera- 
tion local lesion cultures (coded 
CRSV-Gb, -6c and -6d) from different 
lesions were successfully transmitted. 
The infected Etrog citron and Mexi- 
can limes showed ringspot, necrotic 
etch, leaf mottle and shock reactions 
typical of ringspot infection. 

Tissues from Etrog citron leaves 
systemically infected with the differ- 
ent local lesion isolates were used to 
graft-inoculate two healthy navel 
orange plants from each source. 
There were two citron inoculum 
source plants for CRSV-6b, c and d. 
The sequence of transfers is sum- 
marized in table 1. 

All 14 graft-inoculated navel 
orange plants showed shock and foliar 
symptoms similar to those produced 
by the original source in the glass- 
house and many developed twig le- 
sions within a few months. After ap- 
proximately 6 months in the glass- 
house, the plants were transplanted 
to large containers and placed out- 
side. Bark-scaling lesions began ap- 
pearing on the trunks of some plants 
9 to 10 months after inoculation. After - 

21 months, at least one plant inocu- 
lated with each of the three second 
generation lesion sources of LC-15 
(CRSV 6b-d) showed some or all of 
the following: bark scaling on the 
trunk or a major limb (fig. le), lesions 
on smaller mature green twigs (fig. 
Id); twig necrosis; and mature leaf 
symptoms (fig. lc). Symptoms varied 
in intensity from plant to plant, but 
the variation between replications of 
the same treatment was apparently 
as great as that between treatments. 
Twelve of 14 plants inoculated 
showed bark lesions on the main 
trunk. Fruit symptoms were ob- 
served on two plants. 

No similar symptoms were ob- 
served on healthy control plants used 
for each stage of the transfer se- 
quence described (table 1). 

DISCUSSION 

The results reported indicate that 
an infectious agent causing bark le- 
sions in sweet orange is mechanically 
transmissible and is associated with a 
syndrome of other symptoms in her- 
baceous and citrus hosts associated 
with citrus ringspot virus infection. 

The transfer procedures and se- 
quence used suggest that the bark le- 
sions observed were caused by the 
citrus ringspot virus present in the 
original tree. However, if the bark- 
scaling component infected C. quinoa 
and G. globosa latently, then cotrans- 
fer of two separate components could 
have occurred. Absolute coidentity of 
the bark-scaling agent to ringspot will 
require purification and further 
characterization studies of CRSV-6. 

Recent studies with the Texas iso- 
late of CRSV (CRSV-4) indicate that 
CRSV-4 is multicomponent and may 
have rather unique properties (2). 

Fig. 1. A) Local lesions on leaf of Chenopodium quinoa 10 days after inoculation with citrus 
ringspot isolate number 6 (CRSV-6); B) Symptoms of CRSV-6 infection in inoculated leaf of 
Gomphrena globosa 14 days after inoculation (symptomatic Gomphrena tissue was used to 

prepare inoculum to reinfect citrus); C) Mature leaf symptoms of citrus ringspot in navel orange 
leaf infected with CRSV-6, lower surface on left, upper surface on right; D) Bark lesions on 
young twig of navel orange tree infected with single lesion isolate of CRSV-6 (note dead shoots 
indicating necrotic shock response), and E) Bark scaling on main trunk of navel orange tree 
infected with a single lesion isolate of CRSV-6. 
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TABLE 1 
TRANSMISSION SEQUENCE OF THE BARK-SCALING COMPONENT OF 

CITRUS RINGSPOT VIRUS INTO A LOCAL LESION HOST AND BACK TO CITRUS 

Donor 
Step source 

Receptor 
plant 

Transmission 
procedure 

1 Sweet orange C. quinoa Mechanical-bulkz 
2 C. quinoa C.  quinoa Mechanical-single lesion 
3 C. quinoa C.  quinoa Mechanical-single lesion 
4 C.  quinoa G. globosa Mechanical-bulk 
5 G. globosa Etrog citron Mechanical-bulk 
6 Etrog citron Sweet orange Graft-leaf piece 

"Leaf inoculation with inoculum prepared from whole leaf source. 

The CRSV-6 isolate has not been ex- 
tensively studied, but there is evi- 
dence that it has physical properties 
similar to CRSV-4 (1). The symptoms 
produced by the two isolates were 
similar except for the bark lesions 
produced by CRSV-6. 

The successful demonstration of 
mechanical transmission of a bark- 
scaling agent was probably facilitated 
by selection of a parent isolate which 
produced extensive bark lesions 
rapidly on small plants. 

Although bark scaling is com- 
monly considered a specific symptom 
of psorosis infection, it is more likely 

that bark scaling is not psorosis-spe- 
cific, but can be induced by various 
agents, including psorosis and some 
isolates of citrus ringspot. Bark scal- 
ing typical of psorosis has been ob- 
served in several areas, including 
Brazil (6) and Florida (C. 0. Youtsey, 
personal communication), where asso- 
ciation with an infectious, graft-trans- 
missible agent could not be de- 
monstrated. 

The CRSV-6 isolate should prove 
useful for further studies on how 
bark-scaling reactions can be induced 
in citrus by specific agents. 
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