


llediterranean r:ourltries. aside frorn Israel, where indexing tests on Mexican lirnr: have 
heen inade, are based or1 observations and examinations of exterior clinical symptoms 
such as decline and pitting marks. It may he that indexing tests on differential I in~tq  
rvill reveal thp prpwnce of v i rus  diseases not mentioned herein. 

PROBLEMS AND AIMS 

Tlle prohlerns which have moPt frequentiy heset our work in the detern~ination of 
citrus virus iliseases in the Mcditprranean area have been. lor the most part. a nlattrr 
( ~ r  disensr: diaent,sis. 1,ittlt: dt fficulty was ~ncountered with psorosis and exocortis. since 
these tliseases wrm casilg identified I>? their distinct and quirklp recogniza1,Ee syntp- 
tort~s. Trist~xa. xylopornsis, and l i t t l~  1r:al are tiluch luere tlificult to deal  with. vie! 
pre~eti t one of the !nost uompl icalerl anrl cont ro\'rrsiaf prol)leins i n  plant virus diseases 
of the last fivr years. 1 n !!lip repnrt. T shall pay special attention to these three diwas~s. 

Frmn the prartiral point of vicrc-. q u ~ s t i n ~ ~ s  nf prin~ary importance for the area are 
thc lolinwing: 

1 )  Does tri3t~xa mist iu the Metlit~rranean conntries? 
2 )  Is there a relationsllip l~etween tristexa ant1 xylo~nr t~s is?  
3 ) Are psorosis ar~rl exocnrtis i tnporta ttt  disease^:' 
4 I IL'hic.11 rootstock-scion cornhi tiat ions are suscept ilde to x y loyorosis ? 
5) Ry what means is xylopom~is transltlitted. other than by hutlwood? 

VERlFlCATlONS 

The data presp~~ttrcl in t h i s  ~ection arc  drawti frr~ru our ~tutlies it1 Ierael. Titrkey. arid. 
\-Fry rece~ttl!.. i i i  oillrr Mettiterranean countries. 

Tris+eza in the Mediterranean Area 

Graft-indexing experiments for t r i~ t rza  have heen reporkcd from two Mediterranean 
rountries-Italy and Israel. Russo 11.31 fnurid tristezn in a variety of Satsuma that ltad 
lwetl Frown lor some time in Italy. Work in Israel ( 9 )  r ~ v ~ a l e d  that as many as 16 
species and ~nr ie t ies  r ~ f  Cirrrrs introduced to Israe! from fnrpign countrim I the linited 
5tatpn. tiustralia. and South Africa) were carriers of the tristesa virus. 30 native 
varieties have as yet been found lo he infected. I n  nip tour of the Mediterranean 
countries 1 care.lully s~arclied For tri9trza ant1 exanlined most of the declining trees 
of sweet oyange and mandarin on sour oranFe stock that rrTere enrout~terrd. hut it1 every 
case these trees tr~rnerl out to have typical svloporntic pitting. 

Trisfeza and Xyloporosis Relationship 

The question nf relationship Iwtw-een these diseases gained particular urgency with 
the pu1,licatinn nf Mr:Clean7s note (6) in  19.30, iri which he sagp~sted that trieteza inight 
i n d e ~ d  he identical w ill1 xytoporosis, which had prrviouslj- heen discoveretl in Palcs- 
tine ( 1  I I . Since then. ci~rus growers in all the Mediterranean countries have grown 
rearfill far the future of their groves. 

Much of the confnsion surrounding the sin~ilarity of the trvo diseases was cleared 
up when g a f t  inoculations of Mrxican lime seedlings from trisleza-inler:ted sourcps 
gave clear indications of the presence of tristeea 1y the visible reaction n t  vein-clearing. 
while inoculatiot~s of similar seedlings froin xyloporosis sources gave n o  such sy111p- 
toms 191, This gave decisive support to t l ~ c  ctmtentfon that the two are distinct atid 
sel~arate ( 15 1 . 

V l e r ~  was sonle speculation t h a ~  xyloporosie was a genetical ctlndi~inn rather thaii 
a virns disease 1 1.5'1 . I n  our experiments. x?fEoporotic hudwood was budded onto sweet 
li~lie in a screenhouse. Twn years have nnrv and as ycl nn positive results have 





1t was in 1928 t h a ~  Inany thousands !.oung soitr-grafted sweet orange 'trees it1 Israel 
suddenl!. manifested stanted growth. little leaurs. Iopsiclrd fruit. and decline. Soll~e 
of the suffering trees also showed at the same titile xyloporatic pibtin~ at the t~niml and 
on the rootstock. 

1Y-e descril~ed this diseawd stage ni ynuiig trees as a separate disease ilndrr tlw 
name "little leaf" (10) .  However. after a period nf years, si~fF;ci~iit data hare Iwprr 
gath~red In sllaw that --litttp Icaf" and x! I ( I ~ J C I ~ O S ~ S  are two manifestations of thr same 
rliwase (12) .  Qiill; a small percenlag~ .er snur-grarred swept t,rangp trew i s  affected 
I,!. lhip "little+leal" form c ~ f  syIof>orosi~. w~mingl?. l ~ ~ c a u s e  s(mr orange in Israel is. 
in prneraL tolerat~t n l  uyInporosis. Nowevcr. there are sour nrangt! clones or hiotype5 
that are suscet~lihle to this disease. T ~ P  eristt:nrr of dont:s uf sr,nr orangy su+ceptihIe 
to x! lo~mrmiis i s  hnrne out by tlie fact that in nn extensive g row cxperime~~t in  Israel. 
thr !oral 5hn1nnuti F I Y ~ P ~  orillige suffered I~aclly ~ v h e r ~  grafted on rontstnc.ks r l l  Rraxilian. 
Califnrrtin. and Flc+ridiati variet i~s of s o t ~ r  nrangr. Tlir t reps P I I O I V P ~  l i  tlle leave% 9 l l H P  

Inl~sid~rl  frr~i t. n11rl tIecli tie: rviiereas. wIte11 tlrpy irprp grafted o ~ t  thr Palestinian sour 
oratigr ~ar ie ty .  11orri1a1 p o r l  grorvtl~ rwcurr~rl (12  b .  

Ori IHY receiit ~ i $ i t  i l l  Cypr~ts. 1 rlisr.cli~r~.etl tlir tyl)ical sr.loporc)tit "lilt!e-l~af" slnip- 
t~)n14 011 poutlg \ialei~cia tree9 ~ r a l t ~ r l  on sour nrailge. as fou~ld i n  Israel in 1028.' Thcsr 
young trecs displayed li ttlp leaves, stunling. a ccrrain a~uount of lnl~sirl~d Crui t. anrl 
pitting iri the Four ~lork. Tn r)tlier Mvdilerrancatl v r ~ ~ ~ n t r i r s  noticed n11ly single 
nlder t reps ,prdtt:ci on sour nrangr which ~ h n r v ~ d  rvirhrrtip atid derlitie. Tlip riun~hel- 
of suol~ tfecli~iiri~ trrcs irlr rras~rl  H here ~ ~ O I ~ ~ L I I  r~)fiditi(~ris wrrr p001.. 3Io3t wur-:raft eil 
sweet orangrr trwhs I of all v a r i t ~ t i ~ ~  of loral SIVCPL orailgel showecl roorl growth. 

nli t I I IP  most in ttrest irig ph~notncnon was tlial riearlv all tllp. l~eal thy st\ wt oranges 
nn Tour orange csanl in~d manife~trd sylnl~oro~ic  pitting. T l ~ ~ c r  l r w s  weni. ~lierefnre. 
11) 1,e r a r r i ~ r s  o l  x?lnpnrnsi.q rirus without shnrving drrlirir. 

l la~idar in  trees rverc con~istently and rlrasticaIlv affectrd by ?c!lopnrnsis no rnaktcr 
i n  which coml,inatiot~ thev were i o ~ ~ t ~ r l .  In Cvprus. Grp~ve. anrl Ttnly thr nianrlnri~~ 
shorred the characteristic caclie~ia type of  x r  loporosis-that is, gum ~ ~ o r k c t e  n n  ltl~e 
inner sirle or the hark-rrrherras in  T'ortl~pal atirl parts of Spnirt -it showed no ~ u r h  
syrnpt~jins. 

TFie p r a r t i n ~  nf sour I ~ m o n  on st\-eet l i~nc  is current practice nrhy in Tsrael and 
C!J~~U?.  a1111. oil tllr ~Ilolc .  prescnts a total failure. Wlrrn sour orange i s  U P P ~  a? a 
rrcntstork lor Irrnrin. hnr*rvrr. [he rrsul~s are ~atislactnr!. thrlmgliout ttre Mrditer- 
ranran arm. 01 (*nurse. where tlip scion i~ affru~trl 11y nlaI secco. xvloporoais show4 
greater 14rulrr1cr. !&Inst of  t h ~ :  Ieinon ~ ~ E P S  tlwt 1 cxanlineil in Italy. Spain, and I 'ortu~at 
were 1~1:trk~d hv Y ylo[)oro~Ir pitting. sn~nrf inips assocmiatcrl rr i t l ~  i n v ~ r w  pttt i n ~ .  a 
5: r ~ i l ~ t o ~ n  clescri hed latrr i n  this pal~er. 

Virus Trmnsmission 

It1 1 ~ 1 r  first work on ~vlnpc~rnsis. i n  193 1 1 J I I .  wtk rrjlortcd [ha! sweet lirne seerlri t ~ ~ s  
rvere fount1 ~110win~  s! inptoins of x?lopnrnsir;. The possihilil! nf tra!isrni~~ioii id  this 
C T ~ F ; P B ~  t I i r o t ~ ~ h  t l i ~  S P P ~  was th~rrforr: r.~liisirlc~*r:d. SOIIIP ~ x p ~ r i r n e i i l ~ l  cvid~nre  re- 
porter1 liy Chilcls 12). and nnrv nur nprv fitirli~ig nf uylol)nr<)~is-pitted liii~e s r r t l l i n~  
trees in Cyprus. supporl tlte npininli that !he x i r u s  map he seed-tran~initl~rf. 111 in!. 
recent Vedi terra~rean survey, 1 Iouilrl sour n r a n p  seerlling trees s h o r v i r ~ ~  xvloporotic 
pittit~g it) Cyprus. Greece. Yngo4avia. and partiv~!larlr in Spain. rrhrrt: great plan- 
tations of sour orailge.ef ar? cultivatrd. .All of these s~edl ing trt-rs s h o ~ ~ d  ~~nrn i s t aka fd~  
s! it~plort~s of xyloporosi~. hut or~ly a f e w  FIIOWCI~ w w r e  curtnillnent of prorvt h. 

Still morr interesting are our findirigs nn ~ ~ r r e t  OTang?S prowing on their own roots. 
Trl Israel and Italy we crl~serverl xylnpnrotir. pitting nrl e i t ~ g l e  s n e ~ t  orange s ~ e d l i r ~ p  
types. I n  Por t~~ga l .  however. w r  ioi~nd an entire orchard of sweet orange :eaeerlling trees 



showing prrrnounced sylnptnins nf xylnporotie pitting. Tn another orchard. we also found 
a fair number of s w ~ e t  orange x ~ d l i t i g  trees i r i  a d~cIitling state. 

/Ill of thew ul~servations have made the supposition h a t  x? lnporosis may be tram- 
tniitecl through seed n lnorp likely one. A frtial ap1)raisal shoulrl rrut he ina.rle. howevel.. 
until 9eedlit1g= lrtlrn infecterl trres can I,e poim under insect-free conditions. The 
q i t ( - ~ i o n  at injecr ~~+a~ismist;inn ot x!.lr~prvrosis ~ h ~ t e l n r t .  n~e t l s  oddilinnal 7tutly. Limited 
t rds  inatlr in 1sl.acl have giv~ii  n~ga t iv r  rw111ts ( 0 1 .  

Inverse Pitting 

T t )  19:',2. an unustlal syrnpta~n was hrought to our attrntinn nnA ~ I I X Z ~ P ~  US S O I ~ P W ~ I B ~ .  

Cor i t  was Fourid in a7socintion with nn ot!ierwise cnnvetitio~ial xylopompis synrlmrnp. 
This 5yniptonl c:onsi<tcrl of tlie appenrailce of very initurte pits on the calnhial Saw 
of ~Fip hark and vrrl till! pin-like p e p  CWI the w ~ o c l - t h ~  wry revprep O F  tFi~ w e l l - k ~ i ~ ~ v t ~  
~wg-pit ~;yi~113tnt~i of svltrptrrnsis as it appears i l l  most 3tricken trpes (1-7). t\ similar 
q!-mptnm. t l e ~ c r i l ~ ~ t l  earlier in tlie tiiiiter! state4 ant1 callpd +'l~one! coi~tl>i 117." wap ron- 
s i t l~red  I,!- snnie 1vorke~3 as vharactel.istic nf tristeza ( .I 1 . Trees ~how ing  inrerse pitting 
associat~tl with nnrmal xylcll>orosis rrecrc ilirl~retl I,! us i n  Israel on I l~x i rn i i  liinu 
and fnund to 1)c ~wgat i te  with rrgard to tristpxa. Olson pr rr l .  ( 7 )  obtained ~iepntirf: 
rtwrlts with a similar rlipordpr O ~ I ' I I ~ T ~ H K  o n  tallgerine prafted 511ul- nratiye. Tt is no1 
yet r l ~ a r  ~v1irtlir.r ~lli:: is n r i r rv  rlistase or not. Srhrieid~r's rroant papel. 414) o t ~  cI~l.n~iic 
r l ~ c l i l ~ r  attar.biiig nsvi*rt nrnnFe twt,a on Sour oi'ang-e star% slir~tvin~ i r i~e rw pitting inay 
zlsn be i~ben~ ior1~11 iii !Itis (:oiiner~ irvi. 

111 in?. 9111.vey 1 camp athrnss marl! rlecliiiinp trers o l  S ~ V P P ~  orange. various nlatidarin 
vnri~ti~:. till-on. anc? l ~ m o n  ~ R n t  ~finrvcd it~xw-sp pittiilp. /\I  t i in~s ,  !IIP i n v s r s ~  pittit~g 
appeared alonc: a! olhrr tiln~u. i t  app~a red  i l l  n~socis i ion w i ~ h  x-ylnl~ort~sis s!rnptc,m~. 
l ' h k  i n l e r w  pittir~g w a s  found q ~ r i t ~  often with I~nlnii5 ml sorir nmnpP in  Rt-grirl- 
Cnlahria. Italy. In  Acir~ale, Sicilv. 1 like~i-ise found a group of 5anta Maria lemon trws 
~ l ~ r l i r l i t ~ ~  ant1 chnnrirlg i ~ i ' c r w  pitting. T h i ~  ~ ) ~ m l i i ~ ~  P! mptom rrquirps more qtutlc. 

SUMMARY AND CONCLUSIONS 

F~rutil this tlisaup.sion nT ~f irur;  t1isear;es o f  citrus iri 1 1 1 ~  hletliterranean area. thr  hrrllolr - 
irlg prbin~s tnay 1 ) ~  inferred: 

1 .  ' l - r i ~ t ~ z a  cli.reaw s> rnptoms w~r r*  not r r ica t~niv~~~rl  or1 irirli~rnnus rilrue varirlies 
it1 an! 4 ) C  the Irllrnrviny ro r~n~r ic s :  lsrarl, Turkry. (3) prus. G r v e c ~ .  YugosIacia. 11aly. 
sout!ier~~ 1:ranc.r. Spair~. or  P i ~ r ~ u g a l :  nnr nrr tlirv to lw [nulid. at.rnl.diiig lo Cliil~ls 
PI R I .  i:': 1 anrl Frrzal I 3. in Eg! pt or 4Iy~r io .  I n  lsrnrl arid i n  arther rorinlrirs vicitrtl.  
all e.ralilir~rd t l ~ v l i t i i r i ~  swept rrrnrlgp trees grn f t~d  ntj  Prrur orangr A ~ O \ Y P ( I  Y ~ ! ( L I ) I I ~ O I ~ C  

I y r ~  of pitting. O n  ~ I I P  Iiasis of e-\-pr.riti~~ntal: tests in  I5ra~I .  it is assurnerl that thr 
tristeza \ i r u a  is not prt-sent i n  fhrse tree<. 

2. 1:uorartis was ohser\recl orlly nrl citru3 varieties graftccl on Por~ciru ,~  trifolinrn 
ant1 is a ~ i g n i h c ~ n t  disease orily it1 Yugoslavia. 

3. Psorosis s w m s  to 1)t. a serious prol,letn ot~ly i r i  Spait> and Ilgppt. 
5. Thp disease which has I~cforlie lnnst u ~ i r l ~ ~ l ~ r e a t l  in citrus throughout the Metliter- 

ranean c n ~ r n l  riea is \;yIrq)oro$is. IL is ~)reselit i l l  a! l S P C ( : ~ P S  anrl varieties nf Cifrrts. 
.i. The rnotstock !hat is I ~ O F I  susc:rl,~ih1c to vylnporosis is sweet liinr. ivhich i~ still 

rultivatetl i t )  parts of the e a ~ t ~ r r ~  !leditermrie;it~. 
h. Tllc rootstock most resistant to xylol~nmsis is sour orange. although certain rlnncs 

nr lliot! pcs r ~ f  this ~pecies Fern1 to he s i~s~ ' e~>t i  h l ~ .  Healthy-~j~penritig c.i trus trees oftcil 
I hut not alwa!bs) show xyInporotic syinptmrls in I~otJi the stock and the scion. and 
are !hereinre carriers nf the sylnpol~osis virus. 

7. The  ticirln ii~oat suscept ihlr to t11r r.achcaia t y l ) ~  nf .cylopi,rosis is thr mandarin 
E all varivtieu) . This susc~ptittility has hecoiile a S P I - ~ ~ I I S  rliatt~r i 11 the eastern part 



of ahe Medit~rran~an-l7rael. Kg!-pt. C!prus, and Greece: it is less sa firm Y ugo. 
 lav via w~t l+-ard lo Pr~rtugal. 

8. The fact that the two widel?- used r o n t ~ i o r k s  lsweet lime and +our o r a n g ~ i .  ant1 
the scion components  of all native citrus varieties. were found to have ~ymptorns of 
vvioIlorosis supg~sts that all the native Citrtl.7 sper:im and varieties in  the Mediterranean 
area carry the xvloporosis virus. 

9. The fact that a certain nu~nlwr of trees were f n ~ ~ n d  tn he without an? syrnptotns 
of xylnpnrtlsis gives hope For a possible rlevelopmrnt of a r ~ r t i h c a t i o n  systein for the 
prr~cluct ion nf ?;ylnl,nrnsis-~TPP ~TPPS.  
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