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INTRODUCTION 

Tlie riame psorosis is now used to designatp a related group of virus diseases of 
c i t r u ~  [hat  have certain characteristics i n  common. notably the symptoms they produce 
on young leaves. This name was used by Srvingle and Webher (14 r in 1896. when they 
first descril,ed the Imion-forming disease known at that time i n  Florida under the 
general name gumrntrsis and in California as scniv bark or scaly bark gum rli- use. 
Later. in 1932. Fawcett r 2 )  gave the name psornsis "A" to the con~monIv occurring 
form of the disease in  order to di~tin~uip.11 it from a l~ss common hut more actir-e type 
which he descrihvd as psarosis "R." 

I n  addition to psorosis "A" and paorosis "B." Fawoett rrl. (2,  6, 9. 10, 1 7 )  have 
deacrihed four other types or varieties of psorosis: these are cor~cnve Film. blind porkel. 
crinkly IenJ, and inJectious vari~ga~iorr .  The bark-lesion-forming types are known to 
have heen p r e w ~ ~ t  i n  California as early as 1891 14 I. and these and some: of the other 
types art= now distrikuted throughnut the important citrug-growing sections of the 
world. 

Psorosis "A" has been a particnlarllr+ important fattor i n  citrus prodtlction in the 
United States. The gradual reduction in  yield nf affected t r e ~ s  and the eventual need far 
r~placing such trees have been cost tp to thr citrus grower 1 12,15, 181. Ho~vever. losses 
fro111 psnrosis can he avoided in new plantinrs of citrur;: if intelligent use is made of 
tlie knowledge that h a s  accumulated during the past half rrntury. largely from the 
studies of the  late Professor Howard S. Fawcett. 

PFrc know of no  insects tllat transmit the psorosis ~r iruse~ .  The amount of seed trans- 
mission disclosed expesimentallY has been insignificant 120). There is only onc chief 
source of infettion. tiamel!-. the parent tree from which buds are taken. Rut1 perpetua- 
tion of the  disease-causing agent has hwn known since long llrforc the virus naturp of 
these d i s~ases  was diacover~cl. In fact. Fawcctt l unpuhli~hed actually pruduced h e  
disease i n  liralthp trees in  191 6 hy grafting pieccs of lesion bark LO them. I"1w~1,r.e~. it 
rva5 not until hc discovrred the leaf syrnploms in 1933 and established their rplation- 
ship to the bark lesions that he proved ~ P O T O P ~ F  to be a virus disease (31. 

SYMPTOMAJOLOGY 
Leaf Symptoms 

On citrus trees inlected with any of the known r;trains of psorosis. young-leal s!,ml>- 
toms appear during the growth flushen and vary greatly in evtent and degree on ill- 
diviclunl trees at a given time. Srnall ~ Ior l~a te t l  cleared places ut lighter color ~ b ~ a n  the 
rest nf the leaf occur i n  the rcgion of the 1-cinlcts I fig. 1, A ) .  The c l ~ a r i i ~ ~  or flecking 
may hr: gencral over the entire leaf or ma! occur on only parts of tlie leaf. At times. 
innst l e a v ~ s  of auitiihle grorrbth show s!linl~to~ns. At otller times. relatively few leaves 
ate  affected. 
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Some of the stnall flecks are quite indistinr:t; others eoalescc tn form conspicuous 
hlotrhes. especially on lemon Feavrs (fig. 1, CI. The synpionls on 11le young leaves 
praduall y disappear ar; t h e  leaves mature. Sv~nptoinp are wen tnost readily when the 
leaf is shaded Iron1 the direct sun and viewed against the Iipht of the ~ k y .  

With the exceptiotf of concave gum. the various types of psorosis cminot he identified 
on the hasis of the syrnptoma produced on soft young leaurn. In addition to the eflwts 
already descrihetl. young leaves OI t rws in FectecI wit11 tlie strain knnrw as concuve gtim 

co~nmonl y display a antiate or oak-Icar pat tern. ~~articularl  y in t1-t~ s p ~ i n g  grnwtl~ flu& 
(fig. 1.11). 

Other Symptoms 

Fnr the most parr. !he ~~soros i s  r y e s  arc identified hy otlier rffects they induce. pl lp  

psorosi~-"A" ant1 crinkly-leaf strains of the virus cauw t l l ~  hark lesions ro~nmnnly 
knnrvn in  California as am!,. bark. 

Sweet oranFe. grapefruit, and ~ n n ~ c r i n e  trees in fcctcd with either ~~soros i s  "A" or 
crinkly leaf commonly develnp the typical hark lesions. hut le~non nrld sour orange 
trees do not. 

Psnro5is "A" and psorosis "n" have heen considered as h ~ i i i g  c a u ~ ~ d  hy closely 
related virus strains diffrring only- in virulence ( 2 ,  h, 9). Psoroais-"R" type is not iout~rl 
often under natural conditions. Recent studies I 1 9 )  indicate that the symptoms 01-igi- 
nalty rlcscrfhed for psorosis "B" are tnerely difl erent n ~ a n i f e s t a ~ i o ~ ~ s  of psornsis "A," 
resulting iroltl infections from a particular kind of inoculum. Psorosis "R" i s  there- 
fore n o  longer considered to be caused by a strain of virus distinct from psorosis "A." 

Psorosis "d." Trees infected with psorosis "A" as a result of having originated 
from n hud from a diseased tree usually develop normally. They will periotlicall y show 
~ranaitorp s!~nptolns on young Ieav~s. hut hark lesiot~s selrlonl appear until the trees 
are six years of ape or older. The average agc at time ol the first lesion development i5 

Z ~ V ~ I V P  tn firtee11 years. The virtls is. o l  course, present iri such trees at all times, and 
any progeny trees [~ud-propagated Irnm t h ~ t n  ivill likewise carry the virus and wiIl 
eventunllp devrlop hark Ic..;inns. Prior LO LEle disrovery O F  the leaf symptotns (31. the 
absence of bark lesions on older trees was arceptetl a* evidcnce that the trees were not 
infected. It i9 now knorvn that rnarir ~housmirls of nursery trees wcrr! f ro~n  
such carriers. and psorasis thus l~era~ne w-irlt-1:- distr ibut~d in California as well as in 
n ~ h e r  citrus areas. 

The liiatological as lxc t~ .  of psorosis "A" were studied in detail by R ' ~ h h e r  and Faw- 
cett ( 2  1 ) , Farrcett and Bita~itourt I h )  also studied I he ~yrnptomatnlogv ni ~ f i p  ])ark- 
lesio~i-fnrming tvpes of psornsis and deacril~erl i n  &tail the gurn layers. accumulntinn 
of ~ I T I I  in the r e s ~ e l ~ ,  and the staining or discoIorntion in the wood heneat11 hark 
lesions. Bi~ancourt. Fawcett, and Il'allacp ( 1 )  stridietl rhe psoro~ia-induced rvoocl artern- 
tions in r~ la t ion  to tree deterioration. 

The bark lesions hegin as pimples or sinall flakes of the outer hark. which l o o ~ e ~ t  and 
break away from the live hark tlndertleath (fig. 2. A ) .  As the lesion advances. deeper 
layer!: nE ],ark Ilecnme disorpaniaetl and sottie of the tiswes l ~ e c o n ~ e  irnpregnatetf with 
gutn clr gunilike ~nater ia l~ .  Scaling is lnorp or less continuous. and the lesir~lrs increasr 
in ~ i w .  I'ortions of the bark [lie as a result oE heing cut off l1.y phcllogen layers which 
Ierrrl helow cells h e a r i ~ g  !he gulllike ~naterials (21).  As growth contiriues. [Ire rleart 
hark ruptures ant1 eventually slougl~s off in scales of varioug size atltl tlrickness (jig. 
2, UI, with the lesion area gradually increasing. Glun so~netilnea exurles froni lesiolis. 
particularly fsnln the margirl4 of ~ht :  affrct~d arca. 

Soon a f t ~ r  a F~nrk lesion hwon~c?s visihle. gu111 layera I,eFin to fnrrn in the wood 
lw-neath. At intervals the smhr! onic I a y ~ r  uf \roorlv tissue imm~diatrl  y I~clow the 
carnl~iilnl i s  w t ~ d  upnn in snme way an  that the ~ ~ 1 1 5  Iretl~-een tlie m~rlullary rays are  



Fig. 2. Psorosis bark-lesion initiation and development on trees of sweet orange: A )  in i t~al  
stages of lesion; B) advanced stage of lesion crfter several years of activity. 

Inrcpd apart anrl partially d i s s o l t ~ d  I fig. 3. A 1 .  Tlir pnrkets I~pconle fi Ired rvi th a 
vnlorless gulnlike ~ u h s ~ n ~ i c r .  Nnrl~lal wclotl if; then lair1 down for anmP time I~efore an- 
nther gum lap-r i s  forined. hut this does nnt [rlllow a repIar sPcIuPnce. The prncess 
continues until lhpt-P arp rnany I>at~cls of ntrr~nal wand alt~rnatir~g with thin lavers of 
gum fig. 3. h! l . Thr oBd~r layew of gnni becorne 1)uri~rl d ~ a p e r  in t l ~ p  world rvitli each 
surc~ssi\,e period of wood growth. The Fun1 IlarcE~ns as it  apvs and t ~ ~ r n ~  dark. 

\Vliilr the gum layers are !wing formecl. gun] appears in s o n i ~  of the xylem vessels 
and nccuniulate~ i n  the i ' ic ini ty I I ~  the I ~ ~ r f o r ~ t i ( ~ n  plates of the v e s ~ ~ l s  [fig. 3. Cl. In 
later s t a p ~ s .  v e s e l ~ . .  woocl parenchyma. and ~nedullarv ray elemenks become impreg- 
natrd with colored y-rlln. ancl the wood-f;taininp symptom of l~sorclsis nplwnrs I fig. 3. D). 
At first. 013ly sniall areas or stained wond are pr~sent .  hut in the ~ o o d  urtder old and 
well-advanc~d l e~ inns .  siaiti irl~ Ijerorne; quitr* p ~ n ~ r a l .  At  this  tape t h ~  tlurnber of 



Fig. 3. Gum deposits and wood stain in xylem tissues of sweet orange beneath psorosis bork lesion: 
A) individual gum layer in transverse section, showing pocketr of colorless gum between medu'llary 
rays; B) radial section showing series of dark-colored gum layers; C) occurnulotion of gum in vessels; 
01 transverse section through trunk of sweet orange tree (note extensive wood shin resulting from 
a bork lesion that had been active for many years). 

functiotiing vesscls is ixiaullic.icnt to supply water to the parts ahoue. and the affected 
parts of the tree begin to deteriorate. 

Concave Gum. In adrlitian to the typical young-leaf symptoms ant1 the oak-leal 
pattern, the concave-gum strain of psorosis causes the fonnntion of concavities nf 
various sixes and numbers. The concavities remain open, and fairly normal bark cnvcrs 
the surface (fig. 4. .A ) .  Cracking or the hark often occurs in the central part or around 
the nlargiris and gum appears on the surface. In the rr~ood 1)cnestli the center of the 
concaritirs ~hei-c is a somewl~nt linlit~d repinn where growth has heen almnst entirply 
inhibiterl. Here thin hands or wood alt~rnatc with gum layers which can he traced from 
the crnter tn the pcripllcry uf  the concavity. where wood dcveln]>mcnt has I~een normal - - 

!fg.rl ,R).  
Some of the xylem vessels in the. vicinity of the concavities hccotne plugped with gu111. 

but not as cxtcnsivcly w in the case nf psorosis "d." h o  general .rvnod stair~ir~c is 
present. Concavities may be few or many. Injurious eflects usually nplwar slowly and 
are more pronounced when the concavities are numerous, but inicc!ecl Irees are same- 
times stunterl even though. only a fcw concavities are preseltl. This type of psornsis has 
heen nlwerved chiefly on sweet orange. 



Fig. 4. Effects of concave-gum and blind-pocket strains of p50rosis on bork and wood of sweet 

omnge: A) tree trunk showing severol Iarge concave-gum concavities: t3) wood section through con- 

cavity with three promFnent gum layers; C) trunk of sweet orange tree with blind pockets; 0 )  wood 
section showing two blind pockets in different stages of development. 



Blind Pocket. Rlinrl-pwket psorosis resern1)le- conrare-gum psorosis cxccpt rhal 
co~icari~ics nf the former are niore nuinerons ant1 arp deeper and narrower. A smaller 
al-pa of ~vnotl is affecte.d: fir) that ss growth cont inues  the depressions become vcry nar- 
row (fig. I .  C. D). Wie p o i ~ ~ t  of origin i s  ohen iound deep within !he rvoad. Thcre is 
usr~all~v more alteration of affected wood than is found in concave gum. Reneath the 
clc.pr~ssinna one may find cores of tissue. ocherous salmon in color. ant1 of R h a d .  
gumlike consistency. It is not always possihlc to rlistir~guish !jet ween the depresssions 
fonned h!+ rotwave gun1 and those iormtd hy blind pocket, but they are considered to 
he caused I)? tliflerent virus strains hecause there are no oak-leaf-pattern sytnptoms 
associated with hlind pocket. This strain of psorosis occurs chiefly on stvert orange hut 
i t  also it~rluccts cnncavit i~s  on mantlari~i. grapefruit, ant1 lemon. 

Crinkly Leaf. Crinkly-leaf p~orosis symptoms are seen chipfly nn letnmis, but th ip  
strain also infects cltl~er citrus. Jn addition to young-leal symptoms, i t  causes a 
crinkling or hliatcr effect. ~ymptoms rvhich are retainrd hy the leaves after they be- 
come mnture ( fig. 51 . Idernon fruits on diseased trees are often rrorse and misshapen. 
There are no bark symptoms tin lemon. hut this strain of virus will cause lesions on 
srrreet orange which are indi~tin~uishable From those of psorosis "A." 

infectious Variegation. lnfectious variegation, foutid priricipally on lemon. also 
indures syr~iptoms on oung Eraves similar to those caused hy the other psorosis strains. 
Syrnt>t(ms r e se~~~bl ing  crinkly lcaf are also found on old leaves nf trees infected with 
infectinus variegation I fig. G I .  Some leaves on affected trees 01 lemon and sour orange 
are SPYP~ZIV distorted: ot11el.s are variegated. WElitr! to yellowish patterns of irregular 
tiistribution appear on some leaves, Tliis type ol psorosis, rv11ic.h may actually Le 

Fig. 5. Crinkly-leaf psorosis symptoms on mature leoves of lemon. The upper surfaces 
of the leaves have an uneven blistered appeclronce. 

[ I l l  



Fig. 6. Symptoms of infectious-variegation psorosis on leaves of sour orange. In addition to severe 
leaf distortion, portions of leaves display yellowish-white oreas or mosaic-like patterns. 

ca~tsed by sevcrc strains of the crinkl y-leaf virus,  is n t ~ t  found ccmln~orll~ and is of no 
economic irnportnnce in California. The easily detected symptoms of infectious variega- 
tion have no doubt n ~ a d e  it possihlr? for prt~pagaeors lo avnid the UPC of diseaserl trees. 

HOST REACTION IN RELATION TO KIND OF lNOCULUM 

Pawcett and Cnchran ( 7) d~monstraterl that sweet orange see~l!il~ings inoculated by 
means of hark patches transplat~ietl directly [ r t m  a lesion of psorosis "h" clevelnped 
young-leaf sy tnpto~i~s  within 4 to G weeks and extensive bark lesions within -5 ~~ioii ths.  
'They found, further. that itifections from normal hark of diseased trees also resulterl 
in young-leaf symptoms soon after inoculation hut that bark lesions did not develnp on 
these t r e ~ s  for five years or Inne;er. The rvriter has made additional i?tudies nf this kind 
with results that lead to the ct)riclusion that psornsis "'B," as osigj t~ally d e ~ c r i  ~ P C I  hy 
Fawcett, i s  not causecl hy a strain of virus distinct fro111 the slrain o r  strain complex 
that causes psorosis "A" ( 1  9) . Instead. it appear- that tlie ~~sornsis-"R" sytnptorn type 
is the reaction of a healthy plank to i 11 lectiot~ Irrtin lesinn inocull~m of psorosis "11." 

It has been demonstrated experimentally that sweet orange seedlings dn i iot develop 
the psorosis-"lY"'type hark lesions ~ v l ~ c n  inocrilatec1 from lesion hark i f  [hey have Iwen 
inlected previously f rom r~on-lesior~ irioculurn 119). 011 such rrir~r~culatcd trcrs. how- 
ever. sIowly enlnrging locnlized hark lesions sonletinles h e ~ i n  to rlrvelop within one and 
n half to twn years around [he site3 of r~ i t~nrula t ion .  TIWSU Imitlns are irl~ntical with 
thc naturally occurring lesions that tlcvclop otl psoro~is-"A"-infpcte{I I ~ ~ e r s  but they re- 
sult unqu~stio~oaldy fmrn tlte Irsinn in~culu in  used for retnorulatinn. Jt has nnt I)een 
detrrmined if arlditional Irsirsns will originate later at other Iocations on the reinocu- 
laled trees. 

The protection phenom~nnn mentioned ahovc hns heen used to study psorosis strain 
relationships. Swret rlrangc: st:erl lings ths t wcrrb first infected with the viruses of con- 
cave gum. blind porkrt. crinkly leaf. inIectivus variegation. and psoro~is  "A" ( non- 

leaion i tioculum tlevelop~d no psorosis-"R"-type syinptotns when reinoculatcd irom 



lcsion srmrces. Thus this protective rcnction d~nlonstrates experimentally that them 
different forms of paoro~is nre catised by relntccl virus strains, and corroborates the 
rvlarinnshil,~ ~iuggesled earlier by Fawcctt atid Klotz ( 9 )  and hy 1;awcett ~ i l r l  Ritarl- 
court ( 6 ) .  The rrnse-protection reaction I i a ~  also h ~ e n  uwrl to establish the [act thnt 
the causal virusrs of psornsis anrl tristezn arc unrelated ( 1 9 ) .  

The rradion of  a 1 h-year-old healthv I psnrn~is+Eree) sweet orange orchartl tree to 
inoculation lronl psosnsis+"A" lesion hark is sllown in figure 7. Extensive l e e i o ~  cle- 
retopmet~t within the first year after infection is the cbarncteristic response of healthy 
t r ~ e s  to infection f r m n  lesion inoculum. TIlc tree sllnwn in figure 8 rva3 grown from n 
psorosis-infected burl and was thus i t~fected throughout its life. 'rim systemic presrnce 
nf virus in this tree prosidecl protection against lesion inoculurn irom the same source 
a s  that liserl on tlie tree pirtured in f iprc  7 .  For a more rl~tailed account of the pro- 
tective reaction. the readel. i s  r~ferrerl t o  a recent publication by Rrallace (1 9 ) .  

CONTROL OF PSOROSlS 

Prevention. Recnuse of thc fact that the psorosis viruses are not spread fmitl tree 
to tree in an? sipnificant amount l y  insects or other agencies such as pruning and 
rr~lturnE operatio 1)s. and wily rarcly through seeds. t l ~ c ~ e  diseases can be. controlled by 

Fig. 7. (Left) Reaction of healthy (psorosis-free) sweet orcnge Tree to graft-~noculat~on from psorosir 
"A" bark-lesion tissue. This 16-year-old tree was inoculated in M a y  1953 by means of twa lesion 
bark-patch grafts placed in separare primary limbs. Extensive lesion development started within 
one year. (Photographed May 1958.3 Fig. 8. (Right) Reaction of psarosis-infected sweet orange tree 
re groft-inoculufion from prorosis-"A" bark-lesion tissue. This tree wos grown from a psorasis-infected 
bud and had displayed young-leaf symptoms at intervals. Psarnsis-"A" brk-lesion patches (see 
ar~ows) caused no reaction within five yecrs. 



Fig. 9. Specially designed bark-scraping tools for removing psorosis lesions. 

p r ~ v e t i ~ i c ~ ~ ~ .  I1 trees a1.c freo nf chcse viruses w h ~ t i  planterl. thpy wil l  remain so ltinle~s 

ZIV chance  hey lor111 a natural root gl-aft will1 R n  aclj arcnt d i s c a d  tree. 
1n 1 938 the I<urenu o [  Xurscry Service of tlw California State Depart n ~ e n t  of  Ag1.i- 

culture inar~gurated a progralii Ln as&i citru3 nursprynen in the selection of psurosi~. 
Free parent trees frotii tvhich hurlwnod could hr: taken lor the 1)roduction of new trws 
(5. 1 7 ) .  I'11rler !his pl-(>gram a sclected parent trt-e is carefully examiner1 bv trained 
inspectors during the spring season, when younpleaf gro~vtli provides thr most 01,- 
portune oonditiotis for symptom ~xl lress ion.  I f  no psorosis ayrnptc~ma are foirnd at that 
time. additional i~lspvutions are made during the sulnnler anrl the fnllowing spring. 1: [ 
it is clesired to hasten the registmtinn procedure, nr i f  rhcre is an!* s u s l ~ i c i o ~ ~  of infer- 
tion. trans~nission trsts cnn hr? ~nalrlp on suitnl~lc citrus seedlings artd final cliagnnsis pall 
I,? inade within 3 rn rlnths. The ~ c c h n i ~ u c ,  rle~crihcd by R'aElnce ( I6 I is uscd inr  this 
111cans of diagnosis. 

Parent trees accepted a s  being Free of psorosis can then bc used lor the propagation 
of Iiursery trees which can I>e reprcs~nted as grown from huds from a eourre re~is~erpd 
with the State Departmerit of Agriculture as psnrosis-fr~e. 

Sinre this ~el-vice was estal~lished. lnorp I !la11 2.000 parent cilrus trpes have pa~setl 



inspection ant! hnvr btan registered in California. Fronl these. hundrcds of thousands 
of trees have I~ecn grown which will rcmain free of  psorosis. During this snnle time. 
several hundred trees rvliich ~vould l ~ a v e  l,eerl used as sources of I~ t~dwond h a w  hern 
found to he disea5etl and tlipir us[= tias thits heen a~widetl. I t i  Cali fnrnia, one needs nnlv 
to r:nnipare the rlaniag~ ?wing cairsed f,y ~,sornsis i 11 somr OC the ritrrts plantings rnatl~ 
1,efore the i nspct.Iirr11 se rv ic~  wan acailallle. w i  tll the relative freed tr~n frotn this rlis- 
ease in orchards planted l a t ~ r .  10 vval i~ate  th is  prevention propatn .  

Treatment af Bark Lesions. Rcrnoval nl Ihe hark le5iuns nf the rotrimor1 psorosis- 
"h" [or111 waq a t  clnr time a regular pradice with snine C~Ii for~i ia  citrus growers. I t  
Iia3 heen WPII dcn~on~trate(! that i f  this is done regularly and properly the productive 
life of rnusl affcctcd t r ~ r s  will  he prolonpetl. bat treetmmt should he made when thc 
lesions are in early stapes of developmpnt. Old, advanced lesiotis do not rr~pond well t r l  

treatment. and if the disease has reached the atage \\,liere the wuod 11enc:aih the lesion3 is 
visi11l~ ~iained,  treatmelit is of cloul~tlul valse. 

There are two lnrtl~ods of rer~iaving psosnsis bnrk lesinr~s. ?'lie fir91 anrl enrlicsl treat- 
nle~it is known as harrd-scmpirrg. Ko records have hern lou~id to inclicatp w h ~ n  or 1 1 ~  

whom the scraping irearment was first usctl. l)ut 5nlil!i and nutlpr I 7.7 I .  in 19118. rccom- 
rnenrled scraping of earl y - ~ t a ~ e  hark lesions. For ~ n m e  yeare prior to this Rate. "surge~j-" 
had h r ~ n  practicer1 or) citrus Lrees rvitll g u i n r t ~ i ~ ~ g  diseases. It was thus r~aturnl that 
efforts should he t~iatFr: IO ren~ovtr  11~or01;is bark lesions rutting out or ~ c r a p i n g  arva! 
r l~e  affected I~ark. 

Tn this type of trcaIrntLr~[, the nffrrtrtl hark antl n 15- to 2n-ctn 11iargir1 nf nnrnml 
hark are reninucd I)!. means of s l w r  ialIv designed I~a~.L-sc.raping tools such as those 
sholvn in  figure 9. The l ~ a r k  can 1w rernnv~d to wi~hin 1 mm of tile camhiuln. i f  1isc.c.5- 
s a y ,  to elirilinat~ the ~lisor~anixerl tisqocs. All I~SSUCS of  ahnormal vc~lrlr sliould be 
r~lnnved i E pos5il,le. IT'l~cre Iesions are preseilt on ?mall lim [IS. tlic ei i t i~e l i r n l r  can I ~ P  
cut out. \\'lien pos~ihlc. rhe c u ~  sha12ld I>c made SOIIIP distant.? br,Iow 111e lesion. Trees 
d ~ o u l d  Ele reillspectcrl c.very scconrI year. NP~V l~s ions  ~ l ~ o u l d  then he treated. ntw! i f  
the pi-eviousl~ tr~atr:(l I r< io r~s  appear to l ~ r  show i np rrarlivit??. ihcy P ~ O U I I I  hr scrapcd 
l i~li t ly agnin. 

The true shonn in figure I f )  \\*as scraped 1,1; hsnil, as nrcrletl. nccr a p~r io t l  trl tw~lvr, 
Tears. 'l'llr pen~ra l  condition nrld aplwaratlce of this treated tree i s  illastratt*d in figure 
1 1. 'The benefits nf trpnlttieth nf this tree are apparent w h ~ n  it is coinparer1 rvitli tIip 
t ~ r ~ t  reaterl rl~ec'k tree slinwn in figure 12. TIIP treated a t ~ d  u~itreaterl t r . ~ ~ a  pirtr~rrd were 
in ~ a r l y  stage9 n l  psnro~is bark-lesion devrlril,tnent lvIipn sel~r:tetl for eupt.rin~cnfa!ini~ 
anrl are average representntiv~s of tree5 in treated and l~ntreatctl groups twelve yanrs 
later. Betieficinl response La treatment is dr pendent u11o11 start in^ treattner~t when bnrk 
le3ion~ first appear nnd re-treating when necessary. Le~ion activit! is so great on some 
Lrre*. a i d  new 3esion developn~en~ so extmsive. rhar the disease cantior hc checker]. 
1\'!1e~i tltis cor~tlition arises. treatment should hu disconti~luerl ~ r i c !  thr t l ~ t :  removed ant1 
r ~ ~ ~ l a c . ~ r l .  

R diffcrelit rn~tlictd or rcmoving the I~ark lesions lias hem rTcwri11etl I)! Fa~c*cctt and 
Cnrhran (8 1 and is known as tlic I3initro Irratment. TIIF: tnztterial used is 3 s~htt inii  o l  1 
per cent dini trn-n-c!~c.lrlIi1~~y1~l1cnol in kernscrle I pr~parecl antl dizt ri1)ut~tl 1)y The ISr)rv 
Chenrical Colnpatly under the mine  I)K-T.i). Alter renlnvnl nf the IOIJSF !>ark of thp 
lesions by Iiancl or I,y the u s e  of A wire hrltsh. the material is  nppli~cl li;htly to thp 
aff~ctecl parts and to n. 15-cin inargin r)f t11c norn~al hark around ~ h c  lesions. A 3n1all 
painthrush i s  suitallle for applying the material. When applied carefullv th i s  n~alrrial  
gives good rpsults. p a ~ t i c t ~ l a r l ~  011 lesions irl early stages of dervlnpment. The dinit ro 
~olutinrt lwnetratea and kills I ~ P  hark to witliin c l o s ~  lwouimity n i  ~ h u  cnmhiltni. New 
hark tlirn develops and causes the dead hark to I,P s lough~d off. Figur~  13 shows the 
results or treating rtith DN-75. 



Fig. 10. Psorosls-uffected Volencio orange tree w h ~ c h  required scraping of the 
entire framework over u period of twelve years. 



Althouc l~  upoil first thnught one might tlut expect beneficial results from removal 
of virus+induced hark l e ~ i o t ~ s .  the explanat ion of the respnnse In treatment is clear. 
In the case of psorosia "A," the ~caly-hark form of psorosia, presence of the virus in 
citrus trees appears to have no appreciable effect an the host as long as n o  bark lesiens 
are present. 11s hark lesions develop. new Innctional bark tissues are formed con- 
tinually. Actually. it appears that the wnuttd-healitla and regenerative pcnvert; of the 
citrus tree are quite 31tllicient tn offset the direct inj t ~ r y  to tlic bark. Our studies ( 1 1 
indicate thar tree deterioration res l~l ts  largely frorn secondary eflwts-that is, froit> 
the impregnation of the ~vood anrl hlockagr: c ) l  x y l ~ l n  vessels hy the gunr, which: for 
the most part a! lea3t. is prnducec! i t1   he affectecl bark and then nioves inlo the ~y leun  
t ~SSUPP. 

It seems dou1,tful that trcntmenl reducs  t11e virus quantity sufiliciethIy In  account for 
the res~tltinp lesion innct ivilj. Removal of rliscased hark. eilhcr I)? scraping or h!. 
chemictll treatment. eliminatcs some of the virus but not all. IT? know that virus i s  stilt 
present in the ca~nlliuni and irl the thin layer of bark tissue rrrnaining after trentnimt. 
I4owe~~er. experimental studips rlnt yet reported have given ~ v i d r n c ~  that treatment rp- 

Fig. 11. Valencia orcrnge tree after trewfment by hand-scraping for removal of psorosis bark 
2esions. (This is the same tree us that shown in figure f 0.) Photographed twelve years after beginning 
of treatment. 
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Fig. 12. Untreated (check) Valencio orange tree in severe decline from psorosis. When the experi- 
ments were begun, this tree was in the some stage of psorosis as the tree pictured in figure 1 1 .  It 

received no treatment and within twelve years had reached a stage of unproductiveness. 

moves the hark tiswes i n  which most of thp gum is fnrn~pd. [inti1 such ~ i s s u c s  are rr- 
rstnhlishe<t. and for varying p ~ r i o d s  nf tinie t h ~ r ~ a f t r r .  there is little i f  an!- lesion 
nrtivity in I ~ E  treated area. and the nmo11nt of grlrn moving from the hark into ihr 
xpleni is greatly reducetf. 

The len$;th of t i m ~  a treated lesion ~c-ill remain inactive varies with individunl lesions 
and with diflermt Irres. Some I C P ~ O I ~ S  treated rvhile in the initial  tap^ have not 1)cronl~ 
active again after twenty years. Most of them become reactive to somP degree within 
two LO five years. There is no good evidence that treatment of hark lesions r~duc-  the 
incidence o i  tlew I ~ s i c ~ n s  on a treated tree. 



Fig. 13. Resulrs of Dinitro chemical treotment of psorasis bark lesions: A1 shelling of bark over 

crnd around lesion 15 months ofter application of DN-75; B) same tree with deod bark removed. 

DISCLJ5510N AND CONCLUSIONS 
In t h i s  paper it Iias not Ireen 11nssild~ to review all of the work that has led t o  nur 

prenrni undel.standing of thp  psornsis diseases nT citrus. The pioneer work of F a w c ~ t r  
pr~vitl~cl  much accizrate k n a w l ~ d g e  of t h m ~  diseaws. Lnnp 1)efore his disctrvery or t h ~  
virus nature of psorosis, Faacrrt had showrr that trees propaga~ecl from trees having 
psornsis hark I~sions would likelr,ise shnw hark lesions at scmie later stage oi dev~lop- 
men!. He had also demonstratcrl lhrtl a healthv t r ~ e  col11tI Ile infectetl with I ~ P  causal 
agent nf ~ ~ s o r o s i s  I,! means 41f [issue-prnfts of buds. bark. or scions fr tm diseased 
soiisces. Farwett learned that Irrnon arld soar orange trees were not slibject to hark 
Irsinns I~ut that sweet oratlge. graprfruit. and ~nandnriri varieties ro~mnonl!. develnprd 
scaly bark. 

Follorvinp his cliwover! nl !he young-leaf syinptorn r h  psortlsis " A." Fawcett. 031 the 
t>aeis of the cornnnoli leal syrnpto~n. host range. atid irlpntical rneans of transtni3sion. 
convluded that the disorders k n o w  as concave gum. hlind p o c k ~ t .  crinkly leaf, anti 
ir>fmtious variegation. were likewise cnused by viruses. all h ~ l o n ~ i n p  in the psornsis 
group. He demonstrated that the amount of itlfection arising f m m  tmnsmision of t h ~  
virus througl~ seeds was negligible and he initiated thr first experiments to prove that 



virus-free nucellar citrus clone? can 1)e developed froin parent sourcps carrying psorosis 
and possihly other viruses. 

The early work of Fawcctt and Corhran ( 7  1 on the sy~npto~nntolo~l j  of psnrosis "A" 
i n  rplatinn to kind of inoc~llum Icd to nlher studies from which ltns rorne a cross-proter- 
lion tevhnivue useful in determining virus-strain r ~ l a t i n n d i i ~ s .  Tlterre l a l t ~ r  studies have 
11mvidrd some int~resting infnrnlnt inn in relation t o  initiatilln ant1 subsequ~rlt devplop. 
In~nt  of bark Icsinns. Tlie r~sul rs  or thcse i tivestigationn have heen mentioned only 
hrieff Y in this paper inasniuch as they have rec~ntl?; h e m  published elsewhere ( 791. 

Over a Iong period o l  years, Pawreit. i n  cooperation rvilh others.' tIemnnstrated ex- 
periinentall y the beneficial pfFwts of the "scra~~ing treatment" of porosis hark lesimis. 
In later yvars. he develnped the simple. less ~xpenaive Tlinitro l DL-751 chernical treat- 
tilent far sernnral o t hark lesiorls. Pcrlinps thp most lasling c-nr~trilmiiori resulting froni 
Fnwcett's ~ t u r l i e s  of psnraais came rrorn his re(-oyii t ion t h a ~  I~wause  of rhc ah3r11ce of 
list ural spread. the rliseasr coultE br preucntecl i n  tiriv planlin~s.  Tllis lctl to the program 
initiatecl in  1938 I I ~  I I Z P  Rureaii nf N u r s ~ r v  S e r v i r ~  of t l i ~  CaliTo~nia Departin~nt of 
h~r icu l tu re  to assist Califorl~ia citrus nur.~erymeii i 11 the 5election rlf ~ssorosis-lrer Ilutl- 
wootl parent trees. Sin~iler pmprains liave sinrhr I w n  arloptecF in Florida. l'~\rns. and 
Israel. In n t l ~ ~ r  parts nt the worltl. as the iml~nrtance of prevent in^ ttiese (I is~aws I,em 
comes wideli~.  he parlie technique3 are ],ring ~lsecl to some extent In avoirl pporosi3. 

Wllerever citrus is of any conlnlerrial i~nportanre. the consquence of ipnorinp 
psoro~is should he rt:rognincrl. I n  California i t  is well estahlislred that navel nranpe 
itnportations from Rraail were not ir~lected with psnrosis. This was also true c ~ f  Valrr~cia 
ornnge and Lishan lemon. Eureka lemon. which originated in California as a seedling 
Ielnon tree. was f ree  of paorosis in thc heginning. Ru t  man. in his haste to increase the 
suppl y nf these dcsirahlc cilrup varieties, and in Ilis ignnrance of I~ud-p r rp~~ua ted  d is -  
pasrs. top-wnrked ihme varieties tn old. cstahlished trtaes, many of which were disenqed. 
and 1wor0sis was ir~troctucetl into 111rs~ new selevtions. Fortunately. the al)ove-men- 
tionecl discoveries h s  H. 5. Fawcetl came at a Y inle when psorosi~-free teourceg of theat. 
val~rallle citrus varieties were still avai!abIe for the citrus industry or California anrl 
o t t l ~ r  parts of the world. 

? .  Lsp~clially J. C. Prrrv. \larvin R. Rolln~ls, and Paril 51olq). 
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