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ABSTRACT. P s o r o ~ i s ~  as originally describd, is a disease of citrus which induces typical bark 
scaling lesions in the trunks and limbs of sweet orange, mandarin and grapefruit, and occasionally 
rinppot smptoms  on leaves and fruit. Wmd staining often accompanies bark scaling in infected 
branches md trunks. Psorasis-infected budwood will induce a variety of symptoms on leaves of inoculatetl 
indicator seedlmgs of sweet orange, p r a p e h i t  or mandarin. These include shock, flecking, vanoun 
patterns, blotching blisters, ringspots, and chlorosis. D~seases which should not be included in the 
psorosis complex are concave gum, irnpietratura, aioistacortis, blind pocket, crinkiy leaf, ~nfwtious 
variegation, Dweet mottle, psorosis-like-pathogens (from Spain), the satsuma dwarf complex of viruses 
and the seed-transmitted psorosis-like disease reported from Florida. These diseases can be separated 
from psorosis by symptoms in field trees, by reaction on indicator plants and by cross protection tests 
using psorosis-E lesion i n d u m  as the challenge inoeulum. Cross p r o m i o n  still remains the reliable 
standard for judgingrelationship to psorosis. Psomsis is spread primarily by man viainfected propaga- 
tive budwood. Natural spread has been shown but a vector has not been identified. Seed transmission 
has not been demonstrated. Recent studies implicate two different vhrus particles for psomis; a unique 
flexuous two component virus containinga 48-kd capsid protein and a flexuous rod-shaped carlavirus-like 
particle containing a 29ckd protein (Levy & Gumpf, 43). Mechanical and graft transmissions were done 
by Garnseg and Timmer (37) from infeded sweet orange to citmn, then from citronto various herbaceous 
hostsand ultimately from herbaceous hosts backtosweetomnge which laterdevebped typical psorosis-R 
lesions. 

This review suggests criteria for clas~ifying the psomis disease, reviews seedling and mechanical 
inoculation to  indicator plants, Rives the method for cross protection and methods for elimination of 
psorosis from propagative budwood. Adetailed review isgiven of the assmiation of r inepot  topsomis.  
The evidence presented and the comenws of many w o r k e ~  suggests that  ringspot is a severe form of 
psorosis and should not be classified as a separate virus. 

Psorosis is our oldest researched 
citrus virus disease. It was the first of 
the citrus diseases proven to be graft 
transmissible 129.30) and the first to 
be detected via haft-transmission to 
seedlings (74). The discovery that 
psorosis was transmissible led to the 
first eradication program (25) and the 
first certification program (31) for acit- 
rus disease. At one time, psorosis was 
the most destructive disease of citrus. 
Today, because of natural spread of se- 
vere forms of the disease, psorosis is 
still avery serious and destructive dis- 
ease in some countries. 

There are severaI diseases re- 
ported with the same or different 
names in different countries which 
suggest they are related to psorosis 
since they induce varying leaf symp- 
toms on trees or index alants. There is 
meat biological variabjiityreported for 

different psorosis isolates resulting in 
complications in symptomatology by 
mixed infections with other viruses. 
The etiology of this leaf-flecking p u p  
of viruses has not as yet been estab- 
lished. There is much confusion in the 
literature on just what is psorosis since 
very similar syndromes have been 
named as psorosis or ringspot depend- 
ing on symptoms, the country of origin 
or the author. One objective of this re- 
view is to  bring together recent studies 
on psorosis to clarify the various and 
divergent names now in use for dis- 
eases which have been classified as be- 
longing to the psorosis group. Also an 
attempt is made to clarify the relation- 
ship of the citrus ringspot virus to 
psorosis. 

The history of psorosis has been 
previously reviewed (69, 77, 78). Cur- 
rent information on syrnptomatology, 
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plus seed, pollen and possible vector 
transmission is reviewed. Current re- 
search on the identity of the patho- 
gends) associated with the disease is 
presented. Methods for indexing, 
cross-protection and elimination of the 
pathogen from propagative budwood 
are given and the early programs for 
certification and eradication of psorosis 
are presented. 

PSQROSIS DEFINED 

Psorosis, as origimTly described by 
Swingle and Webber (1896) is a disease 
associated with typical bark scaling in 
trunks and limbsofsweet orange, man- 
darin and grapefruit. In addition to 
bark scaling, certain leaf symptoms 
were found associated with the disease 
and these symptoms were reproduced 
by graft transmission (29). WaIlace(74) 
later showed that when buds taken 
from suspect trees were graft-inocu- 
lated to sweet orange indicator seed- 
lings, shock and young leaf symptoms 
were produced md these were diag- 
nostic for psorosis. 

Two types of psorosis were pro- 
posed by Fawcett and Klotz(32):psoro- 
sis-A and psorosis-B. Both had similar 
bark lesion symptoms "but in older, 
malure lea.ves f.lt,e 'RYype m y  show 
larger cfilorotic ring spots - symp- 
toms on-fmil are rare in the A type h d t  
in tlw B type are often large, discolored 
ciiulnr to semi-circular ring.9 or 
g~omes".  Both the A and the B types 
of psorosis were later shown by Wd- 
lace (75) to be related by cross protec- 
tion. The A type protected against a 
challenge by the B type. Wallace pro- 
posed that all psorosis-A contained the 
psorosis-B component or strain, but in- 
ternal cross protectiondelayed barkle- 
sion expression. Wallace also proposed 
that the two strains or components (A 
and Bj were systemic in all infected 
trees. He reported that "primto Lesion 
farmatiolz, com,po.nmt A, possibly be- 
cause of its mare mpid increase am? 
k i g k  cmentrution, prevents compo- 
nent B from infleasing in conemfm- 
tion to a ;.oinnt sufficient to ofisset the 
; z r resme of A". Wallace suggested that 

the concentration of the B component 
became dominant in the bark ancl over- 
came the protective influence of the A 
com~onent which resulted in the devel- 
opm'ent of the diagnostic bark lesions. 
This internal protection usually broke 
clown after 12 to 16 yr or longer and 
bark lesions appeared. However, if 
bark lesion inocuIum is taken from a 
field tree and inoculated into a non-in- 
fecterl sweet orange seedling tree, 
bark scaling can begin in less than five 
months (33). Presumably there was no 
protection by the "A'" component which 
was not present in seedling trees, and 
the psorosis became rampant, Non-le- 
sion psorosis (psorosis-A) could be 
identified by its ability to protect sweet 
orange seedlings against a challenge 
with the severe psorosis-I3 lesion in- 
oculum, In addition to bark scaling 
symptoms, the presence of an intern2 
wood staining in severely affected 
sweet oranize limbs was also shown to 
be associateYd with the disease. 

Classification, and types of 
psorosis. There are a number of @- 
transmissible diseases of citrus which 
have been calIed psorosis primarily be- 
cause they induced leaf symptoms in 
inoculated test plants. Initially, possi- 
bly all diseases which produced fleck- 
ing in leaves of sweet orange were put 
in the psorosis group (34). These were: 
concave gum, Mind pocket, crinkly leaf 
ancl infectious variegation. Florida 
seed transmitted psorosis (8,15) and 
Monak ~sorosis  in Australia (9) were . . 
defined'as psorosis but were never 
challenged with psorosis-3 and bark 
lesions were never observed. In their 
comprehensive review of psorosis, 
Tinlrner and Eefiatena (69) stated that 
the viruses of crinkly leaf, infectious 
variegation, satsuma dwarf, citrus 
mosaic, navel infectious mottle, nat- 
sudaidai dwarf and citrus leaf rugose 
should mt be included in the ~sorosis 
p u p  of viruses since they gad been 
purified and are viruses with spherical 
particles 26 to 32 nm diameter. The 
infectious variegation virus does not 
protect against a challenge from 
psorosis-E lesion jnoculum (16). Con- 
cave gum, impietmtura and cristacor- 



tis also should not be grouped with 
psorosis (64). These diseases all pro- 
duce oak leaf patterns in leaves of field 
trees as well as indicator plants and 
they rarely induce shock symptoms in 
indieator plants. The concave gum 
pathogen will not protect against a 
challenge from psorosis-B lesion in- 
oculum (59. They do not produce scaly 
bark but induce other trunk or fruit 
symptoms distinct from that of 
psorosis. Also, da Graqa et al. (18,19) 
showed that isolates of concave gum, 
impietratura, and cristacortis did not 
contain a 4Rkd protein commonly as- 
sociated to psorosis and ringspot iso- 
lates. Blind pocket is probably a varj- 
ant of concave gum and until investj- 
gated further should not be included in 
the psorosis group. The Dweet mottle 
virus in sweet orange did not protect 
against a challenge from either 
psorosis-B lesion inocuIurn or concave 
gum and should be considered as a dis- 
tinct and separate disease (58). The 
psorosis-like-pathogen (PLP) re- 
ported from Spain appears different 
from psorosis and does not protect 
against a challenge from psorosis-B 
(3,46). The PLP f ~ o m  Spain might be 
a concave gum, impietratvra or eris- 
taeortis without obvious symptoms 
(46). A transmissibEe leaf variegation 
and fruit spotting disease reported by 
Planes and Marti (50) in Spain is prob- 
ably not related to psorosis or ringspot 
and cross protection was not clone. A 
number of new leaf pattern diseases 
have recently been reported, most or 
all of which are probably not related to 
psorosis. These include: The ring pat- 
tern disease of sweet orange reported 
from Iran (20, 271, citrus measles re- 
ported from Florida and Brazil (421, 
yellow vein clearing of lemon in Paki- 
stan (14), the new graft-transmissible 
disease ofpummelo in Indiawith parti- 
cles resembling a rhabdovirus (2) and 
citrus mosaic in India (1). 

Diseases which can be considered 
as belonging to the psorosis group are: 
psorosis-A, psorosis-B, singspot, the 
necrotic strains of ringspot (47, 68), 
naturally spread psorosis in Argentina 
and Uruguay and possibly the eruptive 

psorosis on fruit reported from Argen- 
tina (54). 

A suggested miterion for judging a 
disease as beIonging to the psorosis 
group might be the presence of most 
or all ofthe following symptoms or con- 
ditions: 1) presence of classical scaly 
bark lesions, primarily in trunks and 
limbs of sweet orange, grapefruit, and 
mandarins and occasionally but rarely 
in lemon. However, it i s  important to 
realize that the psorosia vilr~s may be 
present in symptomless trees! 2) find- 
ing of classical wood staining in the cut 
limbs of mature branches or trunks of 
sweet orange which show scaly bark. 
3) shock symptoms induced in sweet 
orange, mandarin, citron or lemonindi- 
cator plants grown under coo1 green- 
house conditions (66). 4) protection of 
an inoculated sweet orange seedling 
after achaIlenge with psorosis-B lesion 
inoculum. 5) ring patterns and mature 
leaf symptoms found on fruit and leaves 
of field trees, 6) raised blisters on 
leaves, stems and thorns of inoculated 
sweet orange plants or 7) raised blis- 
ters found on stems, leaves and thorns 
of field trees from shoots usually found 
near bark lesions. Bark lesion inoculum 
from mature trees grafted to sweet 
orange seedlings will induce these 
psorosis-B type lesion symptoms on 
stems, leaves and thorns sf the sweet 
orange. 8) Mechanical transmission 
from infected citron to Ch~n,opodiztm 
qz~inoa and subsequent observation of 
the top and bottom components con- 
taining the 48-kd protein (see purifica- 
tion). 

The test of cross protection, origi- 
nally proposed by Wallace (75) using 
psorosis-B lesion inocuIum as the chal- 
lenge inoculum is still the most reliable 
diagnostic tool for determining if a 
given syndrome is related to psorosis-k 
However. one must alwavs be aware 
that mixtkes of viruse~ may be present. 
This was probably responsible for the 
initial inclusion ofthe viruses ofcrinklv 
leaf, infectious variegation and con- 
cave gum in the psorosis complex (34, 
V), If protection against psorosis-B 
challenge inoculum occurs, it is reason- 
able to assume that the infected plant 
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or tree contains the psorosis-A patho- 
gen, but it could also contain other 
pathogens which are not psorosis but 
can cause leaf s~mptoms which are gen- 
erally more striking. 

DETECTION OF PSOROSIS* 

Field symptoms 

Bark scaling. Psorosis-A can be 
diagnosed in the field if the symptoms 
of bark ,scaling and wood staining of 
stems are observed. Bark scaling alone, 
though usually diagnostic, should not 
be totallvrelied u ~ o n  for identification. 
Bark leiions w6ch are not psorosis 
such as Rio Grande gummosis ofgrape- 
fruit, Phytophthora in sweet orange, 
shell bark of lemon or leprosis of sweet 
orange can usually be differentiated 
from psorosis by the character of the 
lesions and by indexing from budwood 
of suspect trees to sweet orange indi- 
cator seedlings. 

The major susceptible varieties 
which show psorosis bark scaling are 
sweet orange, mandarin and grape- 
fruit. The sour orange, sour lemon, 
pummelo and rough lemon usually 
show no external bark symptoms. I t  is 
important t o  remember that many 
varieties of citrus will carry the 
psorosis virus lm'th,olct showing bark 
scaling or leaf symptoms in the field 
tree and are symptomless carriers. The 
presence or absence of the virus can 
only be verified by indexing. 

Leaf and fruit symptoms. Psoro- 
sis-B may show varying leaf and fruit 
symptoms including rinkspot leaf pat- 
terns. In California, South Africa, and 
perhaps elsewhere, field trees with 
~ss ros i s  bark lesionsmav not show leaf 
batterns in the young b w t h  flushes 
(26, &I), except in mixed infections. 
Therefore, looking for leaf symptoms 
is not recommended for diagnosis of 
psorosis-A. In contrast, the oak-leaf 

*da Grata .at a!, (18, 19) showed that isolates 
of concave gum, impietratura, and cristacortis 
did not contain a 4Rkd protein commonly as- 
sodated to psorosis and rinppot isolates. 

pattern associated with concave gum, 
impietratura or cristacortis diseases 
are abundantly present in field trees 
in cooler regions of the world, espe- 
cially in the Mediterranean region and 
usually in the spring and fall flush of 
growth. The appearanceofthe oak-leaf 
pattern in leaves of field trees should 
not be mistaken for psorosis-A, or cal- 
led psorosis. 

Seedling indexing 

The first use of citrus seedlings to 
detect a graft-transmissible pathogen 
in citrus was done by Wallace (74) for 
detection of psorosis-A. This seedling 
index reduced the time required for in- 
dexing from an average of approxi- 
mately 11 yr for development of bark 
lesions in field trees to about 6 weeks 
for symptom development in the young 
leaves sf sweet orange indicator seed- 
lings. This revoIutionary cleveIopment 
pioneered the rapid detection, not only 
of psorosis, but of other @-trans- 
missible citrns pathogens by indexing 
via @-transmission to greenhouse- 
grown plants and opened the door to 
certification. 

CumntIy the primary means of de- 
tecting psorosis-A is by graft tmnsmis- 
sion to  seedlings of sweet orange. Many 
psorosis isolates are difficult to trans- 
mit mechanically and primary identifi- 
cation must be by seedling index with 
verification by cross protection. Cit- 
ron, Dweet tangor, certain mandarins 
and the sour lemon are also excellent 
indicators for psorosis-A. The sweet 
orange seedling is the preferred indi- 
cator, and Pineapple, Madam Vinous 
and Olivelands sweet orange have been 
found to be superior indicator varieties 
whereas Koethen, Mediterranean or 
DiFler sweet orangesshould not beused 
(56). The Dweet tangor is an especially 
sensitive indicator for psorosis as well 
as other diseases which induce leafpat- 
terns like the oak-leaf pattern inducing 
diseases of concave gum, impietratura 
and cristacortis, or leaf patterns as- 
sociated with infectious variegation, 
and the Dweet mottPe virus. 

The temperature during the first 4 
weeks after inoculation is critical for 



symptom expression. Cool tempera- 
tures favor the appearance of shock 
reactions in the young emerging shoots 
whereas warm temperatures may in- 
hibit shock reactions and mask leaf 
symptoms. Psorosis-A symptoms are 
best expressed at relatively cool tem- 
peratures of 24 to 27 C maximum day 
and 18 to 21 C minimum night. Shock 
and leaf pattern symptoms may not ap- 
pewiftempemturesare too warm. The 
critical period for development of shock 
and young leaf symptoms is during the 
fmt and second flush of growth after 
the inoculated plants we  cut back. 

Recently, Guirado (39) induced 
psorosis symptoms a t  warm 
greenhouse temperatures (average 30 
C) by growing plants and inoculating 
them at the warm temperatures and 
then transferring the inoculated plants 
to growth chambers at 15 C for 3-6 days 
(16 hr of light) when 3 4  leaves were 
just emerging. Plants were then trans- 
ferred back to the warm temperature 
greenhouse to continue their growth 
flush. Shock and excellent young leaf 
symptoms developed even under the 
warm greenhouse conditions. Navas- 
Castillo and Morena (48) found that the 
effect of the incubation temperature 
was dependent on the host-isolatecom- 
bination. In same of these combina- 
tions symptoms a t  warn temperatures 
were more intense then at cool temper- 
atures, whereas in other combinations 
the contrary occurred. 

Cross protection 

To determine if the virus is 
psorosisrA, the inoculated sweet orange 
seedling should be chaltenge-inocu- 
lated with psorosis-B lesion inoculum 
and observed for evidence of cross pra- 
tection. The source ofpsorosis-E in- 
oculum for use in cross protection tests 
is obtained by grafting lesion inoculum 
(taken from bark lesions of the trunk 
or limbs of a field tree) to a sweet 
orange seedling. Under proper tem- 
perature conditions, blister-like le- 
sions will form on the stems in 6 to 8 
weeks, and later develop on the leaves. 
Lesions usually form near the initial 
challenge inocuIation site. If lesions de- 

velop on the challenged test plants, 
then psorosis-A is lzot indicated. Con- 
versely, if lesions do not develop on the 
preinoculated but challenged test 
plants, but develop abundantly on the 
non-preinoculated but challenged con- 
trols, then the plant in question is most 
probably infected by psorosis-A or a 
mixture of psorosis-A and other leaf- 
flecking viruses. Young plants show- 
ing blister lesions can be used as chal- 
lenge inoculum and held as source 
plants in a cool greenhouse. Tissue 
selected for challenge inoculum should 
preferably show the bark-blister 
symptoms. 

Mechanical transmission from cit- 
rus to citrus and from citrus to her- 
baceous hosts. 

The method recommended for 
mechanical transmission is that of 
Garnsey and Tirnmer (37). Symptoma- 
tic young baf tissue is ground in cold 
buffer TME (0.05M Tris buffer pH 8.0 
plus 0.59 Zmercaptoethanol) using 
pre-chilled mortars and pestles and 
applied immediately with cotton swabs 
to leaves pre-dusted with 500-mesh 
carborundum. Temperatures after in- 
oculation should be at 21 to 27 C. 
Symptoms on C. p~i7zoa will appear in 
4 to 6 days as chlorotic local lesions. 
Garnsey and Timmer (38) succeeded in 
mechanically transmitting Florida, 
Texas and California (psorosis) ring- 
spat isolates, plus three California 
psorosis-B isolates from citrus to C. 
quinna. They could not mechanically 
transmit any isolate showing symp- 
toms in C, gminoa back to citrus, but 
could transmit ringspot isolates from 
G. quima to Gomphrens globosa and 
then back to citrus. 

Mechanical transmission from cit- 
rus to citrus is done best by knife or 
razor slash into the stem. Citron is both 
an excellent host and receptor plant. 
Again, i t  is important to recognize that 
many psorosis-A isolates are difficult 
t o  be mechanically transmitted or 
perhaps do not transmit mechanically 
from. infected sweet orange or citron 
to other citrus or herbaceous hosts. 
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Variability of leaf symptoms 

A d a t i v e  standard for di?gnosr 
ing psoroms by specific led symptom 
or @em may be dWkdt to achieve. 
k q f  wmptom v a q  widely with &a- 
t& and mizt%cm of kohtss. Differ- 
ent temperatures may induce different 
leaf symptonw (59, Fig. Ib). Infected 
leaves of sweet orange, mandarin, 
lemon, citron, soar orange e k  will 
show marked ~ c e s h ~ p t o m  
tology with different psorosb hdah 
(30,48,?4). (Roistacher unpublished) 
t e a t e d 2 1 i s o l a i t i e s d ~ A o ~ 4  
h m  field trees at the Univdty of 
CaWrnia eienrs varies e o ~ ~ o n  at 
R i v d e ,  These were grabinocdated 
into: aedinga of Dweet tangor, sweet 
omage and u h n ,  held at teaope~ahma 
o f 2 & n C ~ a n d 1 & 2 l C r i i g h t a u d  
obmved for symptom development. 
They w e  a h  Wted for knif4w.h 
m ~ ~ o n ~ c i t r o n t o  
&on There was mwh m M *  in 

the symptoms induced by the variotlls 
isolates. Very few synptorm were the 
same for different isolates on dl three 
of the incfiato~s. Only two of the 21 
isolatw trammittedmechanidyhr,rn 
citron ta citron. However, despite this 
variability of symptomatolagg and 
m a d - o n ,  dl21 isohtea 
in sweet orange protected against a 
~ ~ n g e  £ram psom&B lesion in- 
dm, thus indicating relationship to 
psorosb-A. 

Over aperid of28yr, 11 select and 
diverse isolates of prsomsis-A, held in 
the virus bank at the CaJifornta CiW 
Clonal Rotedim Prcgmm at River- 
side were continually evdwted for 
symptom expression on sweet o m g e  
and Dwwt tangor indicator seedlings. 
nf iW3 11 ~~0~~ hi SW@& prai 
h t e d  against a challenge h m  porn 
&-B lesion inocalum indicatsng m b  
tian to  peoroabir,. The mults of 2U3 
tests showed much variation among 
the isolates in symptom expression 
CI'sbIe 1). Certain W ~ B  such as 

YEAR OF S U M  

~ig. L T h e n a t r m h ~ o f ~ i n n ~ ~ b ~ s h o ~ t h e c ~  
nmber of tmm &owing aylaptom~ oaer a 7-yr period. From Thnmer d Gruneep (66). 



TABLE 1 
SYMPTOMS INDUCED ON SWEET ORANGE AND D W E T  TANGOR INDICATOR PLANTS 

BY 11 PSOROSIS SOURCES" USED AS STANDARDS OVER A %-YE PERlOD 

SYMPTOM REACTION 

Yeam 
Isolate under No,of Shock Y o u q  Mature 
Code test testsb Negative reaction leaf leaf Yellows 

200 
201 
202 
2 M  
205 
208 
209 
212 
213 
215, 
21Gm 

TOTALS 

'Sources were held at the virus bank at the Unir 
California Citrus Clonal Protection Program. 
bEach test was to one plant per indicator. 

Codes ps-209 and ps-203 consistently 
induced more shock symptoms (68 and 
78% respectively of the inoculated 
plank). In contrast, other isolates such 
as codes ps-200 and ps-202 induced less 
shock (23 and 31% respectively of the 
inoculated plants). Less than 10% of 
the plants showed mature Ieaf s p p -  
toms and less than 8% showed yellows. 
Young leaf symptoms were variable 
and differed with the various isolates, 
but were present in most tests. In 6 of 
the 209 tests,no symptoms were ob- 
sewed in young or mature leaves of 
inoculated seedlings, though inoculat- 
ing tissue remained aljve. 

Not all leaf patterns are due to 
psorosis. Certain genetic conditions 
may cause a spotting in fieId trees of 
sweet orange similar to pin point spots 
associated with ringspot. This can be 
differentiated by indexing. Environ- 
mental dust and air pollution can cause 
psorosis-like symptoms on young leaves 
in the greenhouse . Also spray injury 
will induce ringspot symptoms on 
leaves. Spraying with insecticides 
should be avoided during the ~ r i t i i d  
period of young leaf development. The 
presence of a number of non-inoculated 
control seedlings is essential for dif- 

rersity of California Rubidonx facility as part of the 

ferentiating non-psorosis Ieaf spots 
from those induced by pathogens, 

Supplemental light during the win- 
ter months will enhance psorosis-re- 
lated symptom development and in- 
crease the p w t h  of young leaves and 
should be included in aplant laboratory 
for indexing (54,651. 

Seed transmission. The transmis- 
sion of a PLP through the seed of in- 
fected C d z o  citrange a t  rates of 15 
to 31% was reported from Florida (15). 
!The photograph of a leaf with symp- 
toms by Childs and Johnson (15) shows 
mild interveinal leaf flecking similar to  
that induced by theconcavegum patho- 
gen during the first flush of growth and 
is similar to that of the PLP reported 
from Spain. (46). 'Fhe identity of this 
Florida seed transmitted disease was 
never further classified as a psorosis-A 
by cross protection experiments or by 
observation for clevelopment of bark 
lesions. 

Carnpiglia et al. (121 reported that 
1% of 250 trifoliate seedlings in the 
Satto region of Uruguay showed symp- 



toms of psorosis and they proposed 
seed transmission. Itis highlyprobable 
that this psorosis was due to natural 
spread in view of the high rates of nat- 
ural transmission of psorosis known in 
that region (6,521. Pujol and Beilatena 
(52) presented a number of arguments 
against seed transmission of psorosis 

Argentina. They observed young 
Ieaf symptoms from many seedlings 
grown from seed ofdiseased trees. They 
cite other observations and definitivelv 
rule out seed transmission.   ow eve;, 
one year later Pujol(53) presented evi- 
dence that oakleaf pattern and flecking 
was transmitted at 43.7% efficiency 
through Troyer cjtrange seeds. Wal- 
lace ('77) reported on observations for 
psorosis that he and Fawcett made of 
approximately 20,000 seedlings grown 
from seed of psorosis-infected trees 
and they found no evidence of seed 
transmikion. Definitive evidence for 
seed transmission of psorosis-A is thus 
lacking. 

Pollen transmission, VogeI and 
Bove, (73) demonstrated transmission 
of cristaeortis, concave gum and im- 
pietratura by placing pollen from flow- 
ers of infected trees under the bark of 
indicator plants and observing young 
leaf spp toms .  Psorosis-A was not 
tested. However, Navarro (personal 
cornrnunicatjon) observed transrnis- 
sion of psorosis-A when pollen taken 
from flowers of esorosis-A infected 
trees was placed Gnder the bark of  in- 
dicator seedlings. There is no experi- 
mental evidence that psorosis can be 
transmittecl via pollination of flowers 
and through the seed. 

Natural transmission of psorosis. 
The evidence for natural spread of 
psorosis is convincing, and vector in- 
volvement is highly probable. In a sur- 
vey of all trees in the citrus variety 
collection a t  the Citrus Research Cen- 
ter a t  Riverside, 29 introductions were 
found infected with psososis-A. All of 
the 29 isolates were protected against 
a challenge with psorosis-R lesion in- 
ocuIum and were classified as psorosis- 
A. Fourteen of the 29 introductions 
were suspected to have been naturally 
infected since they were either origi- 

nally introduced as seed, or only one 
of a pair of trees was found infected. 
(Roistacher, unpublished). 

Timmer and Garnsey (72) showed 
natural spread of a necrotic ringspot, 
probably a psorosis B-type isolate in 
nuwllar, virus-free grapefruit trees in 
Texas. Thirty-five trees became in- 
fected over a seven-year period a t  a 
rate of about five trees per year as 
shown in Fig 1. h j o l  and Beiiatena 
(52) recorded the presence of psorosis 
in seedling trees in large numbers in 
Argentina and observed that the dis- 
ease was spreading. They suggested 
that "psorosi.~ in Concordia is spread 
by vector, probably a sucking insect". 
Befiatena and Pujol(5) concluded that 
psorosis is disseminated in the nursery 
by methods other than propagationand 
suspected vector transmission. The 
strongest evidence for natural or vec- 
tor spread of psorosis in Argentina is 
from an experiment at the I.N.T.A. 
Experiment Station in Concordia 
where eighteen rows containing 504 
psorosis-free nucellar trees were 
planted next to  four rows containing 
90 psorosis-infected trees (6,5P). Fig. 
2 shows the natural spread of psorosis 
from the infected to the non-infected 
trees three and seven years after plant- 
ing in the field. This study was based 
on observations of shock and f o h r  
symptoms in the field. No bark scaling 
could be observed in the young seecl- 
lings trees and no glasshouse indexing 
or challenge inoculation with psowsts- 
B was done. Note that the spread Is 
greatest (38 infected trees) in the f i s t  
six rows adjacent to the infected trees 
compared to only 14 trees found in- 
fected in the 12 farthest rows. 

ELIMINATION OF PSORQSIS 
FROM PROPAGATIVE 
RUDCVOOD 

Psorosis can be eliminated from cit- 
rus budwood by thermotherapy 11,61) 
and/or shoot tip grafting (STG) (45,46, 
60, 62). The recommended procedure 
for thermotherapy is t o  graft pre-con- 
rlitioned psorosis infected buds on 
seedlings of Troyer or Carrizo citrange 
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F~K. 2. The natural spread of psomis in the experiment of Befiatena and PortilFo (6). The m p h  
shows the number of trees found infected three and seven years after pltlnting of 18 rows containing 
604 nucellar tree5 adjacent to four rows containing 91) psorosis infect4 trees (to the left of the 
graph). Note that the spread is p a t e s t  in the first six rows adjacent to the infected trees and 
diminishes with distance from infection. 

and place the grafted plants in a tem- 
perature cabinet for 8 to 12 weeks a t  
40 C for a 16-hr day and 30 C for 8 hr 
night. Other recommended rootstocks 
are Rangpm lime and trifoliate orange 
which were found to be highly tolerant 
to heat. The sweet orange, rough 
lemon and certain other rootstocks will 
not tolerate heat (11). 

Some isolates of psorosis are more 
difficult to eliminate by STG. Rois- 
tacher el ale. (60) shoot tip-@ed four 
isolates of psorosis-A and achieved 0, 
50,86 and 100% freedom from virus re- 
spectively. Psorosis-A isolate ps-209 
which gave 0% response to shoot tip 
grafting was tested again and only 1/11 
of the tips were free of virus, whereas 
12112 of psorosis-B tips tested virus- 
free after STG (62). Navarro et al,  (46) 
showed that the temperatures atwhich 
psorosis-infected plants were grown 
prior l o  STG markedly influenced the 
successful elimination of the pathogen. 
Shoot-tips from five different psorosis- 

A sources were: 1) taken from the field; 
2) taken from denuded plants (where 
all leaves were removed to force young 
shoots) and held in a greenhouse at 18- 
25 C and 3) taken from denuded plants 
held in greenhouse at 27-32 C. The 
number of plants found free of virus 
after STG was 5/52,4/31 and 38/60 re- 
spectively. In addition to psorosis-A, 
a psorosis-like-pathogen also re- 
sponded to pre-conditioning by warm 
temperatures in the successful elimina- 
tion of the pathogen. Indexing after 
shoot-tip grafting andfor thermother- 
apy is an absolute necessity and STG 
or themnotherapy alone or in combina- 
tion is no guarantee that the therapy 
will eliminate psorosis. 

CERTIFICATION AND ERADICA- 
TION OF PSOROSlS 

The pioneering work of Fawcett 
(29,30), showing that psorosis was a 
graft transmissible virus and that it 



could remain symptomless in many 
trees, led to the development of the first 
certification program for citrus. Faw- 
cett (31) suggested the use of +-free 
sources of budwood for the propagation 
of trees for new plantings based on ob- 
servations for leaf and bark symptoms 
in the mother trees, A certification pro- 
gsam was begun in 1937 by the Califor- 
nia Department of Agriculture accord- 
ing to a plan outlined by Fawcett. The 
legal basis for certification was estab- 
lished by law (Section 120.5 of the Ag- 
ricultural Code of California) which 
provided authority for the establish- 
ment of replatians governing regis- 
tration and certification 140). 

The first eradication program for a 
citrus disease was donein South Africa 
for psorosjs (25,261. Doidge (25) reeom- 
mended that an eradication progam 
for the elimination of trees with bark 
lesions be conducted and this was ac- 
complished by the Psorosis Act No. 42 
of 2927. Over 6,000 trees were found 
with scaly bark symptoms and were 
eradicated (17). However, Mards et at. 
(44) reported that psorosis is still a 
threat since i t  is present in old line cit- 
pus in South Aflica. With the discovery 
of the seedling index for psorosis by 
Wallace in 1945 (741, this new and rapid 
test for determining the presence or 
absence of psorosis became the stand- 
ard method for assuring that propaga- 
tive bndwoocl would be free of the path- 
ogen and the seedling index was incor- 
porated in certification programs 
worldwide. 

STUDIES ON VIRUS 
PURiFICATION 

The 48 kd capsid protein. Demick 
eta / .  (22) indicated that citrus ringspot 
is associated with a unique two compo- 
nent virus with elongated flexuouspar- 
ticles. The top and bottom components 
separated in a sucrose density gradient 
contain the same capsid protein of 48 
kd. Each component was non-infective 
when transmitted individually, but in- 
fective when mixed together. How- 
ever, infectivity to C. q ~ ~ i n o a  was 
found to be d=cult and was lost under 

certain conditions. A number of iso- 
Iates of ringspot and psorosis from 
Florida (18, 21, 2 3 ,  Argentina (18,361 
and Spain (18,47) have shown these top 
and bottom components containing the 
48-50 kd protein. These virus particles 
are extremely flexible, 300-500 nm for 
the short ones and 1500-2500 nm for 
the long ones and approximat eIy 10 nm 
in diameter (22). The researchers 
suggests that the virus belongs to a yet 
to be described group of plant viruses: 
"the p~tative capsid protein , zohich is 
larger titan expected+for a filarnew  to?^ 
particle, and the 7 ) ~  f l eruow fila- 
m e n t m  particles that appear to  con- 
tain t l ~  split gelenom8 are not cluzrae- 
tm%fic of an3 k n m  grozi,p qf'p1an.t 
uimses." 

The 29 kd capsid protein. Bouhida 
(7) transmitted a virus from psorosis- 
infected citron to C. grtinoa and 
Nicotiam bentharnian.~. The source of 
the psorosis isolate he used was ps-203- 
M derived h r n  a Kao Panne PummeIo 
which was introducecl from Thailand 
in to the variety collection a t  Riverside, 
California in 1930. IsoIate ps-203-M in- 
duced severe shock pIus young leaf 
s.wptoms when bud transmitted to 
sweet orange and citron. The virus was 
mechanically transmitted by stem 
slash from infected citron to citron. 
This mechanicaI1y transmitted 
psorosis isolate, when graft-inoculated 
into sweet orange seedlings protected 
against a challenge from psorosis-I3 le- 
sion inoculum and was designated as a 
psorosis-A (63). Bouhida (7) found flex- 
uous rod aggregates in infected cells 
and flexuous virus particles in the par- 
tially purified ps-203-M source. He con- 
cluded that "stzcdies on host range, 
dsRNA, serologicaI tests and hjstolog- 
icnl obsmfions sz~ggest thaf this vims 
helongs to a new and distinct grol~p". 
He was not successfa1 in transmitting 
these particles back to citron or sweet 
orange to reproduce the disease. 

Levy and Gumpf (43) working with 
this same psorosis source (ps-203-M) 
used by Bouhida ('I), were able to 
mechanically transmit a virus to a 
number of herbaceous hosts. They 
were also able to dodder transmit the 



virus from citron to Capsicum un,n.wm, 
and reciprocally transmit i t  back to cit- 
ron, inducing symptoms in the leaves 
of citron. dsRNA patterns for the virus 
were similar when obtained from 
either infected citron or herbaceous 
hosts and flexuousrod shaped particles 
660-665 x 12 nm were observed in ex- 
tracts of infected plants. They 
suggested that the virus belongs to the 
carlavirus group. A 29-kd protein was 
iclentified and they reported that a 
polyclonal antiserum to the flexuous 
particles weakley detected ps-203-M 
and other psorosis strains using 
ELISA. 

In arecent report, Byadgi et at. (10) 
characterized a filamentous virus par- 
ticle associated with a ringspot disease 
of c i t n s  which is widesaread in India. 
The disease is graft tr~nsmissible but 
not sap transmissible to C. quimo.  
They found two types of filamentous 
particles associated with the disease: 
"-the mosf canzmm 7uwe virus-like, 
640 n,m long and with a elearl!! seen 
basil helix, thus resernbliq capitlo-m 
closterovim~ses. Particles of  the secrmd 
type were thinner a n d  did i o t  I~ave any 
clear modal length; they appeared fo 
be protein, aggregates." A polyclonal 
antiserum prepared against the virus- 
like particles detected the virus in field 
trees. These virus particles did not 
react to an antiserum obtained from K. 
S. Deniek toaFloridaringspot isolate, 

RINGSPOT - IS THIS A 
SEPARATE VIRUS? 

Ringspot, as a symptom of psorosis, 
was first mentioned by Fawcett (28) in 
1932 in his original description of the 
disease, He reported that 'ffrequerttly, 
mcrious r i n g s p o t s + f m  on. t l ~  leaves". 
Fawcett (29) and Fawcett and Klotz 
(32) further described symptoms on 
Ieaves associated with psorosis "-in 
some c a ~ e s  rm&d dear spots are 
f i d  on, some o f  the older leaves. 
T h s e  spots vamj in sixe.fi.orn mere dots 
to areas 10 to 15 mm in diameter and 
oflen are accompanied by a slightly 
mised /mxwn suflace, occa.~ionally in 

theform ofrings". Fawcett mentioned 
that the spats on olderleaves had been 
observed for a long time. Also, her- 
barium specimens of young leaves cob 
lected in 1923 from youngtrees showed 
small spots and these twes later de- 
veloped bark scaling. Fawcett 130) 
further describes ri ngspot symptoms 
on h i t  in association with bark scaling 
symptoms. These ringspot symptoms 
on Ieaves and fruit were ilIustmtec1 by 
Faa~cett and Bitancourt (34) ancl Faw- 
eett and Klotz (351 and by Klotz (41). 
Ringspot symptoms on leaves and fruit 
were clearly associated with psorosis 
bark scaling. 

Wallace and Drake (76) first 
suggestec1 ringspot as a distinct disease 
based on symptoms they observed on 
sweet orange seedings inoculated from 
a field lemon tree which showed a small 
lesion on one limb resembling a psorosis 
bark lesion. Subsequent inoculations to 
various indicator piants showed a m g e  
of severe symptoms of spots, rings and 
leaf blotching. They indicated that the 
citrus Pingspot virus, was found in 
trees with psorosis-A but was also 
found separate1 y. Of significance, they 
reported that "Szueel wctnge plants ex- 
perimentally infected urith ring spot 
vim were not protected whew later 
challewged with  psorosis-A lesion in- 
oculum." They suffgested that the  two 
viruses are not closely related. How- 
ever, in the same report, Wallace and 
Drake (76) mentioned that sweet o m g e  
seedlings previously infected with 
psorosis-A from non-lesion inoculum or 
with blind pocket did not rlevelop 
ringspot symptoms when later chal- 
lenged with the ringspot inoculum. Dea- 
jardins ef. al. (24) transmitted Wallace 
and Drake's ringspot source by dodder 
( O ~ s c u t a  xzcbiricl*&sn'r to a number of 
citrus species as well as periwinkle and 
petunia, and back transmitted it to cit- 
ron by dodder. Wallace a d  Drake (76) 
initially designated this as a distinct 
virus disease because of its symptoma- 
tology and its lack of protection when 
challenged with psor&is lesion hocu- 
lum. When this original ringspot source 
from field 8C, Row 2 ?Tree 19 was put 
into the citrus virus bank at Rubidoux 
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rn 1979 and indexed, typical strong 
ringspot symptoms were induced in 
grapefruit. Later, a sweet orange 
seedling inoculated with this source 
showed complete protection against-a 
challenge with lesion inoculum of 
psorosis-B indicating that this ringspot 
source zuas related t o  psorosis-A. 

Timmer (68) used the name "citrus 
ringspot virus-necrotic strain" to de- 
scribe a disease found in grapefruit in 
Texas which showed strong leaf and 
fruit symptoms and also induced strong 
leaf symptoms in inoculated plants. 
Cross protection tests in Mexican lime 
suggested its relation to psoresis-A. 
nmmer also reparted that he could in- 
duce similar symptoms from budwood 
taken from nucellar trees showing typ- 
ical psorosis bark lesions. Subsequent 
papers referred to this strongreacting 
disease as the citrus ringspot virus 
(CRSV) /70,71,72). Mechanical trans- 
mission to herbaceous hosts was dem- 
onstrated for CRSV from both Florida 
and Texas isolates (37). 

Garnsey and Timmer (38) were able 
to mechanically transmit aringspotiso- 
late from citron to C, qz~inoa, and then 
from a single lesion on C. quinoa to G. 
glohosa. Whencitron was mechanically 
inoculated from lesioned G. globosa it 
showed typical ringspot lesions. When 
sweet orange budlings were graft in- 
oculated from the infected citron, bark 
lesions were induced in the sweet 
orange in 9 to 12 months. These results 
indicated that infectivity present in 
symptomatic C. quinoa is related to 
psorosis bark scaling. 

Studies by Denick et al. in Florida 
(21, 22, 231, Garcia et a!. in Argentina 
(36), Naval-Navas-Castillo et al. in 
Spain (47) and Da G ~ a e l a E .  (183 using 
Florida, Argentine and Spanish iso- 
lates of psorosis or CRSV all showed 
the top and bottom components con- 
taining the specific 48-50 kd capsid pro- 
tein. They also observed filamentous 
long and short particles by serologi- 
cally specific electron microscopy. The 
flexuous particles were first observed 
by Derrick & al. (21) associated to the 
CRSV4 isolate from Florida. Eater 
they could see scattered particles of 

similar morphology associated to the 
CRSV-6, also from Florida. Using the 
antiserum obtained to CRSV4, Navas- 
Castillo et al. (49) observed scattered 
particles associated to a Spanish 
ringspot isolate RSSR. In a personal 
communication Navas-Gastillo ancl 
Moreno reported that they could detect 
these flexuous particles in psorosis-A 
and psorosis-13 isoEates. 

Derrick et a/ .  (23) reports "Cross 
p o t e c t i m  tests with various isolates 
tend to indicate that pamsis-B i s  a 
severe form of pswosL~-A and the 
CRSV is similar, if mot identical to 
psorosia-3. This view is sulrpmted by 
olnr receret findings and at this point it 
would appear that various isolates of 
CRSV an,d c i t m ~ ~  psomsis vims are 
eith,er identica 1 or  str in.s qf t h ~  same 
virus. Tl~us, we considm rivgspot and 
pmrosis to be ~ y m y m . "  d a Graqa 
et al. (18) in analyzing 14 ringspot and 
psorosis isolates from Florida, Argen- 
tina and Spain concluded: "pso~osis  
and ?-ingspotfo?6nd in van*ozls parts of 
t k  w d d  are caused by a virus sim.ilar 
w identical to CRSV-4 a d  is consis- 
tent with p z r i m s  suggestions thaE 
p s m a i s  and ringspot are ~ m i l a r " .  
Navas-Castillo and Moreno (48) con- 
cluded that six of eight ringspot iso- 
lates collected from symptomatic trees 
in Spain could not be distinguished 
from psorosis on the basis of green- 
house symptoms in indicator plants, 
cross protection, mechanical transmis- 
sion to C. quima, and the presence of 
the 48 kd band. 

The distribution of CRSV in grape- 
fruit has been reported as irregular (71). 
Some isolates in Texasgrapefruit were 
inconsistently transmitted from the 
twig bark of field trees to indicator 
plants, and they were transmitted onIy 
from areas showing bark lesions on two 
grapefruit trees . "This isolate was ir- 
reydlarly tmmrnitted even within 
symptomatic leaves and could not be 
transmitted to C. quima," Similarly, 
in Israel, BarJoseph and Ben-Shalom 
(4) showed limited spread of impietra- 
tura and psorosis-A in grapefruit. The 
viruses remained localized eight years 
after inoculation to Iirnbs of field trees, 



It iis conceivable that in Wallace and explaining the differences they ob- 
Drake's initial definition of ringspot served. Rased on the  evidence of recent 
(76), the tissue they used for cross pro- research, and to avoid confusion, ring- 
tection could have been void of the spot should not be designated as a sepa- 
virus whereas other ringspot tissue, rate virus but as a severe form of 
when used as challenge iinoculum psoresis. 
against psorosis-A contained the virus, 
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