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INTRODUCTION 
The purpose of this paper is to intrndt~ce the subject of citrus viruses: the tilany 

t ech~ ica l  phase3 of which will he disc~rseed hv research leaders fronl the important 
ritrus-growing regions of the world in sessions of this conference that are to follow. 
Citrus production is on the increast! in nearly every area suitable for citrus culture: 
such_ increase. as is usual. i s  accompa~~ied hy a n  increase in peet-control prnblclns. 
Diseases calrsed by v i r u ~ e s  have heconir a major  factor i n  citrus and 
research. Unless adequate measurcs arc  taken to con trnl these diseases or eliminate 
their causal viruses from propagation sources. thev will continue tn ht! distributed 
and wilt add to the cost and dificulty of citrus procluction. 

Despite the fact that  citrus is one of the olcFest crop plants and has been widel! 
distributed throughout the world. nn virus had been proved to affect it  until Fawcett 
(51. in 1933. demonstrated the virus nature of psorosis. Since [hen more than ten 
ri trus disease5 l i a v ~  Iwen shown to helong in tlie virus category. 111 adclition to psorosis. 
the li9t 01 "Cotnn~nn Naines of Plant 1 i r u ~  Diseases u s ~ d  in the Ret:ieru of Applied 
: V ~ r o l o g ~ "  ( 4 )  includes infectior~s mottling (71 . stubhorn (6 1. triszeza ( J 1 . Satsun-la 
(lrvarf (IS), vein enation (131. xyloposo~is (3'1. ant1 exocortis ( 9 1 .  Since publicaticln 
of this list. vein handing of lilncquat I 14 1 has Ilwn shnmn to he t r a n ~ m i ~ ~ i h l ~ ,  Cala~fan.  
'Wallac~. and W ~ a t h e r s  I 2 ) have shown that tlie Factor which reduce5 vigor in olcl-line 
citrus donus. and d t i c h  i s  eliminaterl in nucellar lities oj Eureka leinon, i s  trans- 
inissib3e and is t l i e r~ lo re  prohal~l!- a virus. F r a s ~ r  (8 , .  in 19.32. r e p c ~ ~ t ~ d  a virus in 
the tristeaa complex which carisecl vellows a11 Eureka lemon ~ e e d l i n ~ s  and whirl1 5he 
t l ~ o u ~ h t  ttr I)P tlistilict froin tristexa virus. Later studies I rrportetl in this IOILIIIIPJ 
h a w  Ied her to conclllde that the so-called stem-pitti~tg virus is unrelated to tristean 
virus, and tliat trist~~a (quick declit~eI i s  caused hy the virus nf ~ e r d l i n g  yellorvs or  
s mixture of this virus and the stern-pitting virua. A nnmher oC n t l ~ ~ r  virup.-candidate 
rirrup, disorrlers are wai t i~ lg  to llave their etiology de~erminetl. 

ECONOMIC lMPORTANCE 
Little data that 1~2.r1ulcl aid in Sortnulation of sprci fir: figures on the aniounl of clamape 

caused hv virus d i s r a s ~ s  to citrus prnclut.tion i s  available. A cata~trnphic ~ x a ~ n p l ~  of 
damage is that caused by ~ r i ~ t ~ a a  in South Anlerica. where !he d i w a ~ e  spread ver?? 
rapirlIy and where most nf  the trees were oI the coin1,itiation o l  sweet orange on noul- 
orange rootstock, whir11 is sevprel!. affected. Tn the State of S5o Paulo. Brazil. tristeza 
sprend it1 a l~ou t  twelve years to all the citrus-growing areas. destroying tlpwards of 
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G million trees 111. or  ahout '75 per cerrt of all [he trees in the ptate. Sirnilar ~prearI 
has  ocr.urrec1 in other states of Brazil and in other South American countries. Spread 
was rapid in the west~1.n part of soutl~ern CaliTornia, Iwt is less rapid in inland area5 
arvay Irom the coastal climate. The trist~xn virus was estaldishccl early in the culture 
of citrus i n  South Africa and ha5 made the use of sour orange rantstnck impracticahk 
fo r  that area. Tristeza Ilas also caused severe losses in Australin. and it i s  seared i n  
other important citl-us-groiring areas nf the world. The causal virus is probably 
indigenous to the: Orient hut tlnes liule darnage here hrcause most nf the trees are 
g1.owl-n from SCPCI and are therefore on their own rnnts. Since tristeza affects trees 
grow11 on soiir orange  rootstork, Inany of the trees i n  the Orient are prol~ahlr; infectrrf 
~\-ithout expressing s!-mptoms. 

T'aorosis virus. sn  far  as is known, has no natural vector t o  spread i l  i11 orchards 
1,111 has heen unwittingly carrier1 in hutfwood hy man tn all the major citrus-growing 
areas oE the world. Tn rilnnq- of these areas i t  is the mumher-one caunp of tree decline. 
Tn southern California many orc l~ards  have 11i,qh percen tagm of diseased trees. Surveys 
of 6.000 tree5 in plantinas of one of the large citrus estates shorr ed that 14 per rent 
of the t r res  were affected and producing reduced ancl that 6.5 p ~ r  cent were in 
a state of trnprofitalde prorluctior~ ( 1  1 ). 

The stuhhorrl disease. as it has ht?come mnrc dearly characteriz~d, has given evidetire 
of Iwing inuch more widespread than hacl been known and lnav l x  [lie cause nf poor 
produciicln and inferior frui ts  in inany sreas of the world. Sonw evidence indicat~s 
that. all of certain clones of citrus map Ile affected and corrcsl)o~idingly r e d u c ~ d  i l l  

vigor and yield. 
Psorosis ant1 stuld)orn rliseaws affect horticultural varieties grown on any rootstock : 

rfarnaee frnnr trinteza. exoca~+tis, and xy lopnrosis is restricted to trees on certain root- 
stocks. All thc citrus viruses are sotnewhat insidious in that they can exist in tree? 
at  some stages nr under certain conditions witliout readily recogiizahle ~vmptomn. 
Such viruses have Iwen di~t r ibuted widelv in propagating stocks. anrl in some area5 
high pe r ren tag~s  nf orchard trccs 06 many horticultural varieties are carriers of one 
or  m o w  of these. viruses. 

111 Florida an extensive indexing program has been carried om in connection with 
Ihe hurl-certifica~ion program (101. I n  this program only trees tree of visihle symptoms 
nf disease. in  a good state of vigor. and nlrF pi~nugli to shorv syinptoms of psorosis are 
consider~d.  OF 1,047 Rrees indexed in 1953 For psorosis and sylq~oros is .  O I I I ~  115 
retnainerf in the program in 1957. 12 sizal~le number of the 1 1 5 art: ol nucellar seedling 
origin and would not he expected to IF virus-infected. L1n~louhtedly inr~st r,F the rp-  

nlainder of the 1 I.?. otlier than the nurellars. will he e l imina t~d  rvllm exncartis index 
tests are  coiiiplrted. 

IMPORTANCE 1M RESEARCH PROGRAMS 

It is obvious tZ~at any studies on reaction of rnotstncks. 11 ulrit ion, soil n~anagenient. 
and relared suhjt=cts i n v o l i ~ i n ~  +Id tccords will give misleading results if w m e  of the 
Irem are virus-inferted and the others are not. Rootstock skt~dirs  ]nay he partirularly 
affected. If tri~tcza i s  ~jrcsent. swvert orange. n~andarir i ,  and trers on sour 
olanpe \\-ill be affected. If exocor~is virus i s  i c l  the top variety. trees on trifoliate orange. 
some citranges, and l~crssihl?. Rangpur lirnc will he sffpcted. Tf s!.loporosis is prpsent. 
trees on sweet lime and possi1,ly ihnee on certaitl varieties of mandarins ancl marldarin 
11yI>rir1~ will be a f l ~ c t ~ d .  

The prewnte nl  viruses sucl~ as tristeza. which. g i ~ e n  time. wilt he found in all 
r:itrus ~rarieties i n  sonle areap., has changed the rootstock problem for orchards in 
~nc11 areas. Sour orange has heen wirIrly ugetf l ~eraose  nf its resistance to foot rot 
and rnot rot cauaetl hy PJ~~tophthora  P ~ P .  OII SOTIT orange in illany of ~ h c  important 



citrus-prowing areas of the world. t r e ~ s  attain rltoderate size ard ~ l r o d t ~ c e  rnodrrate 
to goo(] yielcls nf good-quality fruit. Tn areas where the tristeza virus i s  present and 
a t reads  in orr*hards. scmr orange cannot he uacd. These is niuch coricern it1 other areas 
1% here sour orange rClot5tock has teen widely used lcst the tsisteza virus h~ introduced. 
Irl Florida. trees of much of tlte citrus atreage i l l  the dyep. sandy soils ol the ridge 
section a r e  on Rough letno11 rootstock. Suclt trees are  vigorous and large. but  tltev 
prorlucr fruits ~ l i i ~ l i  arr low in total solids atlrl h m v e  l e 3 ~  dmiral,le for froze11 conccn- 
tratr: thus new. more satisfactory stock!: are  needed. K+w. tolerant ~.ootstock, 9 spt3111 

10 br a promisirip approach to [he ever-increa~inp r~en~atorle p r o h l ~ m .  The cl-toice oE 
such roof~t(lcks will l)e aITected I J ~  [heir r~action lo viruses present in the top scion 
varietie~. 

Hvl~r ids  i n v o l v i ~ ~  tr ifnliate trrange parentage Ilare ehorvn I he most promise, hut 
SOIIIP of t l~me h a w  5lln.rvn severe reartinns where t l ~ r  sciot~ variety M-as carrying 
~xocnr t ia  virus. CnrrcspnncFingly. hybritls wit11 mandarin h e r i t a g ~  hare s11own reaction 
r ~ h e r ~  tlie scion variety contained avloporosis virus. I t  is therefore very difficult In 
produce a rootstock both toIerant to the viruses and satisfactov front a horticulturaI 
standpoint. It ~vould  sPeili much easier to use hudwood iree of viruses and thus prodrlce 
virus-Free trees. Fortunatel!.. citrue viruses other than tricteza do not appear to apr~ad 
naturally in orchards in North America. Satsurna d\varf (1.5) is reported to he spread 
by an  insect in Japan. There ir; no evidence of seed transmission of citrus viruses. 
eucept of x ~ l n p o r o ~ i s  in sweet limp, ~1h.lrich needs rnnfirmatin~i. and in rare insiances. 
the psnrnsis virus. I r i  anv case. it shnulrl Ibe rrlatively easy to ohtain seeds f r n ~ r ~  
indeurtl virus-f r ~ e  seed-sourre trees. 

BUDWOOD CERTIFICATION PROGRAM 

The details of budwood certification in relation to virus d i s t . a~~s  will he discussed 
LI; others a t  this confar~nce.  11ut the prescnt paper would not he  completc if the com- 
plexity of the proljlem were not mentioned. I t  is true that certain standards and index 
11rocerIur~ have taken U S  a long way on the toad to virus-Free hudrr~ood. but much rnnre 
work is needecl. o entirely satisfactory index are availahlc for stubborn disease. 
Much dificulty i s  experienced where strains of such viruses as tristeza. exocnrtiq. anrl 

evm p5orosis aw involved. Many worker5 arp turning. when possible. t o  the use and 
devc lnpm~i~ t  of nuc~ l lar  lines as sources of virus-F~PP clones. 

METHODS OF DIISTRIBUTION AND INCREASE 

Man is and ha5 I~een the principal agent i n  hntll the  disseminarion and the increase 
of citrus ~ i r u ~ e s .  Citrus was r l i~tri l~utett  wic?eiv over the world h c l o r ~  virus rlisea~rr- 
were known. and no d ~ u l ~ t  sonic o f  the v i r u s e ~  that affect citrus were present in trees 
and pmpapative malerial introrluc~d from one cnuntry to annther. Quarantines set 
up to prevent the introduction of fungus arid bacterial ifiseaacs and insect pests failed 
tn exclude viruses. Even after the threat of virus clisea5er; w n s  recognixed. quaran tine 
~ ~ o c e i l u r e ~ .  were at liest only partially surr.ep.sfu1. Sillce viruses generally are not e\'irknt 
i n  F - m d ~ t i ~ k ~  and may hr present in cerlaiii plant hosts witliout c a u s i n ~  synlploms. 
ordinary quarantine examination Failed to disclose them. I t  i s  tint surprising, then. 
[hat t h ~  principal citrus ~ i r u s e s  are  found in nearly all the rnajnr citrus-growing areas 
of the world. 

How r l o  iriruses ~ P L  into sturks originalllj? Fnr  how having insect vectors. tlw 
answrr to this questinn is self-cviclent. Some which appear tn have 110 vectors in the 
arcns where the! were first recognized may haw had I -~ctora  in die areas of  their 
origin. The most common means of contanlination of  stock is thc tnp-working of old. 
virus-infected trees. New varieties hrougtll from other countries or n~\+Ey drv~loped 
hyt~r id  ~ a r i e t i ~ s  hat  e co~ninonl?; h e ~ n  l,ropagatecl nn old trees tu increnw the a ~ a i l a h k  



hudwood or to ohtain earl! fruiting. New p o w t h  from such propagations is  uwalIy 
\rigorous arid may not show symptoms of the virus or viruses pres~nt.  However. thp 
new grnwth will carry the viruses present i r i  the old tree. ant1 hurlwood from these 
sources will carry these viruses tn progeny trers. Tt seenrs s a f ~  to ronrlude that, with 
the exception of the aphid-transmitter1 t r i s t ~ z s ,  citrus virus diseases have been dis- 
tributed and increased almost exclusively hy man  through the use of infected propa- 
gative rnat~rial. As our h ~ o w l e d ~ e  of citrus virus diseases increases and metllods of 
diagnosis and detection are discovered. the costly mistakes of t11~ past will he avoided. 
The fortunate fact that the majority of viruses that aflect citrus are not spread n ~ t u r a l l y  
provides the hope and expmtation that in the not-too-distant future the new plantinga 
of citrus throughout the world will remain free of most of the virus diseases which 
have plagued them up to the present time. 

Viruses often come into areas in plant  host9 other than the plants on which they 
cause serious damage. Pierce's disease of grape has a host range of over 111 species 
in 41 families? and presumably could be introduced into new areas in plants or propa- 
gative parts of any one of these. The lirtle cherry disease of sweet cherry. which has 
heen so devastating i n  the Kootenay Lake area of British Cdwmhia. was appar~ntI!; 
introd t~ced from Japan i n  syrnpton~leas ornamental flowering rherries. lndexing of 
such flowering ch~rries now growing i n  many of the arboretums and parks of the 
United States has shown the111 to be carrying the virus (12).  I n  the Kootena~ Cake 
area infected flowering cherry trees came in cnnract with a vector capalde of carrying 
the cirus to sweet cherries. Numerous other examples of sucli virus introduvtions 
could be citerl, Ijtit none are  more pertinent to the sul~ject than tristeza in M e y r  lemon 
from China and in  various mandarins from the Orient. These senre tn indicate thr 
need for thorough 3creening of foreign introtiuctions ant1 for i~~ndamerltal information 
which will air1 in recognition of ritrus virusrs hefore they are  transporteil into areas 
IV~IPTF! they do not yet occnr. 
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