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Psorosis 

Relationships of Viruses of the Psorosis Virus Complex 

P. BROADBENT 

VIRUSES SO FAR ascribed to the pso- psorosis B develop on maturing 
rosis virus complex are those of pso- leaves (principally shaded ones), are 
rosis A, psorosis B, crinkly leaf, infec- obvious on both surfaces, though 
tious variegation, concave gum, and paler on the lower surface, and per- 
blind pocket. Symptoms induced by sist throughout the life of the leaf. 
them have been described in detail Small chlorotic lesions and ring 
by others (3,4, 5, 73. spots, about I mm in diameter, and 

Symptoms typical for psorosis B large translucent areas, sometimes 
were observed in leaves and fruit of in the form of an oak-leaf pat- 
30-40 trees of Washington Navel tern, are characteristic (Fig. 1). Ring 
(old Mildura line) and Valencia Late spots and a yellow etching pattern 
(Leng strain) sweet orange in a block often develop along minor veins. 
of 200 trees in the irrigation district Symptoms consisting of surface 
of Monak, New South Wales. How- rings bordered by sunken grooves 
ever, the conspicuous bark gum- (Fig. 2) also occur on some fruit, 
ming and scaling described as fea- rendering them unmarketable. 
tures of psorosis B were not present. Sometimes the flavedo cells in the 
Their absence prompted an investi- area of the rings remain green after 
gation to elucidate the relationship of the fruit has ripened. Affected trees 
the various viruses ascribed to the are smaller than unaffected ones, 
psorosis virus complex. The details and less vigorous; they have a 
of the investigation are reported here. squat appearance rather than the 

rounded habit of normal trees. 
Field Occurrence of Psorosis Examination of the trees indicated 

B in New South Wales that they had been topworked. Simi- 
Sincethetreesat Monakhad typical lar symptoms on foliage and fruit of 

psorosis B symptoms in leaves and a particular clone were observed in 
fruit, the disease is provisionally re- the Mildura district many years ago, 
ferred to as psorosis B. Symptoms of and it is probable that the disease un- 
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der consideration was present in produced on rough lemon and 
some of the original trees before they Muscio mandarin seedlings and 
were topworked. This would explain none on Troyer citrange. Eureka 
the present occurrence of the dis- lemon seedlings, which did not 
ease in two well-known bud lines. exhibit tristeza yellows, developed 

psorosis B symptoms. West Indian 
lime and smooth seville seedlings 
developed tristeza symptoms but 
not those of psorosis B. 

Interference Studies 
The sources of inoculum used for 

cross protection tests were as follows. 
Crinklyleaf. -A. Leaf pieces from a 

Eureka lemon mechanically inocu- 
lated with crinkly-leaf virus. The field 
sourceof the crinkly-leaf isolate was a 
15-year-old Eureka lemon tree at 
Moulamein, New South Wales. B. 

FIGURE 1 . Yellow ring spots, etching, and 
large yellow translucent areas produced in 
sweet orange leaves by the Monak psorosis 
B virus. 

No similar condition or symptom 
has been found in other blocks of 
old line Mildura Washington Navel 
and Leng Valencia sweet orange. 

Transmission Experiments 
Axillary buds or pieces of leaf tissue 

cut across a vein were taken from 
some of the diseased trees in the 
block at Monak and inserted into 
vertical slits in the stems of seedling 
indicator plants; the grafts were tied 
with budding tape. The symptoms in- 
duced on sweet orange, Orlando 
tangelo, and sweet lime seedlings 
were typical of those described for 
psorosis B. Few symptoms were 

Leaf pieces from a Harvard sweet 
orange seedling mechanically inocu- 
lated with crinkly-leaf virus. The field 
source of the crinkly-leaf isolate was 
a 20-year-old Eureka lemon tree at 
Lake Wyangan, New South Wales. 

Concave gum. -Buds from 2 in- 
fected Minneola tangelo trees at Nar- 
romine. They showed trunk concav- 
ities and oak-leaf patterns. Tristeza 
virus present; exocortis virus absent. 

Concave gum plus psorosis A. - 
Budsfrom a Minneola tangelo tree at 
Narromine. It had oak-leaf patterns, 
concavities in the trunk, and a pso- 
rosis A bark lesion. Tristeza virus 
present; exocortis virus absent. 

PsorosisA. -A. Budsfrom a Wash- 
ington Navel orange tree at Pitt Town 
with a twisted butt and bark scaling 
on the trunk. Tristeza virus present; 
exocortis virus absent. B. Buds from 
a Washington Navel orange tree at 
Pitt Town, with patches of scaling on 
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the butt and limbs that had callused psorosis symptoms-approximately 
at the margins of the lesions. Tris- 11 weekslater-theseedlingstogeth- 
teza virus present; exocortis virus er with 20 noninoculated controls 
absent. C. Leaf pieces from a sweet wereinoculated with psorosis B virus. 
orange seedling inoculated with The psorosis B challenge inoculum 
buds from a Washington Navel consisted of budsfrom sweet orange 
orange tree at Barham, exhibiting seedlings showing yellow ring spot 
psorosis A bark lesions on the variegation and etching patterns, sim- 
trunk and branches. Tristeza virus ilar to the symptoms seen in the Val- 
present; exocortis virus status un- encia orange trees at Monak from 
known. D. Leaf pieces from 10- which the original inoculum was 
year-old Bergamot trees held in taken; and leaf pieces from sweet 
quarantine at Rydalmere. These orange seedlings with yellow ring 
trees were intercepted during illegal spot, etching, and variegation pat- 
introduction from Sicily. Oak-leaf ternssimilar to the symptoms seen in 
patterns were seen in the growth Washington Navel trees at Monak 
flushes. Exocortis virus present; from which the original inoculum 
tristeza virus absent. was taken. 

The isolates were grafted separate- Of 1 00 seedlings inoculated, 32 de- 
ly into Muscio mandarin and Ruby veloped ring spot, etching, and varie- 
Blood sweet orange seedlings. After gation patternsafter 17 months. After 
the development of crinkly-leaf or 20 months, 29 more plants-making 

FIGURE 2 .  Surface rings, bordered by sunken grooves, produced on fruit of sweet orange by 
the Monak psorosis B virus. 
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a total of 61 -had psorosis B leaf 
symptoms. Symptoms developed 
more rapidly and were more severe 
in sweet orange than in Muscio man- 
darin seedlings. Crinkly leaf, psorosis 
A, and psorosis A plus concave gum 
did not completely protect against 
psorosis B virus. Often psorosis B 
symptoms were produced in only 1 
branch of sweet orange or on 1 or 2 
leaves of Muscio mandarin. Plants 
inoculated with virus of psorosis B 
alone developed symptoms within 6 
monthsof inoculation, whereas those 
previously inoculated with viruses of 
concavegum, crinklyleaf, or psorosis 
A took up to 2 years for ring spot and 
variegation patterns to develop. 

Conclusions and Discussion 
The retarded development of yel- 

low ring spots and variegation pat- 
terns in seedlings previously inocu- 
lated with psorosis A, crinkly-leaf, or 
concave-gu m virus, and the variabil- 
ity in time of appearance of symp- 
toms suggest an interference be- 
tween these viruses and the Monak 
psorosis B virus. The reaction of 
Eureka lemon and West Indian lime 
seedlings to inoculum of psorosis B 
implies that the tristeza components 
also influence the development of 
symptoms of the Monak psorosis B 
disease. 

Roistacher and Calavan (8) re- 
ported the results of graft-inoculation 
experiments in which concave-gum 
virus failed to protect sweet orange 
seedlings against lesion-bark reac- 
tion of psorosis A virus. Similarly, by 
graft-inoculationexperiments, Fraser 
(5) showed that crinkly-leaf virus pro- 
vided no protection against psorosis 

A virus. Wallace (1 0) found that me- 
chanically transmitted infectious- 
variegation virusdid not protect sweet 
orange against the psorosis A bark- 
lesion reaction. Corbett and Price (1) 
reported that psorosis virus did not 
protect citrus against local and sys- 
temic infection by citrus-variegation 
virus. These cross-protection tests 
suggest that concave-gum, crinkly- 
leaf, and infectious-variegation vi- 
ruses are not related to psorosis A 
virus. The only presumed strains of 
psorosis virus to be transmitted me- 
chanically are crinkly-leaf virus (2) 
and infectious variegation (6). The 
failure to date to transmit the other 
viruses in the psorosis complex me- 
chanically seems to nullify evidence 
for their relationship to crinkly leaf 
and infectious variegation. 

The identity of the virus disease in 
New South Wales, provisionally re- 
ferred to as "psorosis B," and its rela- 
tionship to psorosis and citrus ring 
spot virus, have not been estab- 
lished. There are two possible ex- 
planations. First, the virus responsi- 
ble for the persistent leaf patterns 
and fruit markings in New South 
Wales is unrelated to the psorosis 
syndrome although usually associ- 
ated with it. It may be related to citrus 
ring spot virus (1 1 ) or identical with 
it. Second, if the Monak psorosis B 
virus is related to psorosis virus, 
then 'Wallace's hypotheses (9)- 
that psorosis B type symptoms are 
the response of a healthy tree to 
initial infection by psorosis A bark- 
lesion inoculum, and that pso- 
rosis A consists of 2 virus compo- 
nents - may require modification. It is 
possible that there are 3 virus entities 
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involved in the psorosis A-B disease field independentlyof the other symp- 
complex; one component is respon- toms. 
siblefor the immature leaf symptoms If it is assumed that the Monak 
typical of psorosis A, another for bark grove originated from one infected 
scaling of the A type, and a third source, then it must be assumed that 
component-the B leaf pattern com- the budwood contained these 3 virus 
ponent-induces ring spots and leaf components and that they were 
variegation in mature leaves and de- transmitted irregularly. Some trees 
pressed rings or grooves in the fruit. in the orchard received the B leaf 
The rapidlydeveloping and extensive pattern component either alone or 
barkscaling is then the response of a in sufficient dominance to hinder 
healthy sweet orange seedling to a the development of the immature 
high titer of the bark scaling compo- leaf symptom and bark lesion com- 
nent of psorosis A. ponents. Only 2 of 200 trees in the 

There is no conclusive evidence grove have shown psorosis A bark- 
that the viruses responsible for the lesion symptoms, and psorosis B 
immature leaf patterns of psorosis A, symptoms did not develop in these 
bark scaling, and mature leaf and trees. Bud inoculum from these 2 
fruit symptoms are related, as each trees did not produce the psorosis 
of these symptoms can occur in the A immature leaf patterns in sweet 

orange and mandarin seedlings. 

Literature Cited 
1. CORBETT, M. K., and PRICE, W. C. 1967. 7. KLOTZ, L. J., and FAWCETT, H. S. 1941. 

Failure of psorosis virus to protect Colour handbook of citrus diseases. 
against citrus variegation virus. Phyto- University of California Press, Berkeley 
pathology 57: 151 -53. and Los Angeles. 

2. DAUTHY, D., and Bov i ,  J. M. 1965. Experi- 8. ROISTACHER, C. N., and CALAVAN, E. C. 
ments on mechanical transmission of 1965. Cross-protection studies with 
citrus viruses, p. 250-53. In W. C. Price strains of concave gum and psorosis 
(ed.), Proc. 3d Conf. Intern. Organiza- viruses, p. 154-61. In W. C. Price (ed.), 
tion of Citrus Virol. Univ. Florida Press, Proc. 3d Conf. Intern. Organization Cit- 
Gainesville. rus Virol. Univ. Florida Press, Gaines- 

3. FAWCETT, H. S., and BITANCOURT. A. A. ville. 
1943. Comparative symptomatology of 9. WALLACE, J. M. 1957. Virus-strain inter- 
psorosisvarietieson citrus in California. ference in relation to symptoms of pso- 
Phytopathology 33: 837-64. rosis disease of citrus. Hilgardia 27(8): 

4. FAWCETT. H. S., and KLOTZ, L. J.  1938. 223-46. 
Types and symptoms of psorosis and 10. WALLACE. J. M. 1968. Recent develop- 
psorosis-like diseases of citrus. Phyto- ments in the citrus psorosis diseases, 
pathology 28: 670. p. 1-9. InJ. F. L. Childs (ed:), Proc. 4th 

5. FRASER. L. R. 1961. Lemon crinkly leaf Conf. Intern. Organization Citrus Virol. 
virus, p. 205-10. In W. C. Price (ed.), Univ. Florida Press, Gainesville. 
Proc. 2nd Conf. Intern. Organization 1 1. WALLACE. J. M., and DRAKE. R. J. 1968. 
CitrusVirol. Univ. Florida Press, Gaines- Citrange stunt and ringspot, two pre- 
ville. viously undescribed virus diseases of 

6. GRANT. T. J., and CORBETT. M. K. 1960. citrus, p. 177-83. In J. F. L. Childs (ed.), 
Mechanical transmission of the infec- Proc. 4th Conf. Intern. Organization 
tious variegation virus of citrus. Nature CitrusVirol. Univ. Florida Press, Gaines- 
188: 519-20. ville. 


	5th_085.jpg
	5th_086.jpg
	5th_087.jpg
	5th_088.jpg
	5th_089.jpg



