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l NTRODUCTlON 
T I I  this paper ~ ~ r e v i o u s  anatotnical work on tristeza of c i t r ~ ~ s  is reviewed. and some 

new observations are present~d. I n  particular, the author wipher: to show that I I 
the vein flecking and  ~te in  pitting in  seerllings of Mexican lime. Citrus aurantifoliu 
(Chrintm.) Swir~g., 2 )  the yellows in le~non seedlings, C. IEntnn I1,inn.l Durm.. and 
31 the  symptomless tnlrrnaE conrlitinn in infected mature trees of sweet orance, C. 
sinensis (Linn. ) Osbcck. are all preced~d by the sanie primary cytological symptom. 
I-Ie wishes to show also that sierr-tube necrosis immediately below the bud union in 
sour orange rootstucks. C. ar~rantiurn Linn., is a symptom of incnnipatibility with in- 
fccted sweet orange scions. 

Terms used here follo~r the definitions of the Committee on Twhnira l  Words of thc 
,In~erican Ph ytopatl~ologica Society ( 2 4 ) .  The terms lzyperssnsi/ivity, hm.rrnity, re- 
sis~ance, sensitivity, susrevifiility, and tolerance are used in a technical sense in de- 
scribing tlie reaction of a host to a parasite. The reactions of a composirc budded plant 
o l  two species to a virus ore very compliraterl, and the ~vords sarisfnctory and t~nsnt i s -  
fnctory are some~imcs used in d~srrihing them. ljrlt without technicnl iniplications. 

Five types o l  diseasrs of l~udcled trees are referred to in [his paper. A bud-r~nion 
disease will he thought of as onc in whirh a continuous interaction Ilctrveen the virus. 
the scion, and the rootstork is needed to produce the disease. The in jury nlust occur 
most in~ensively at the bud union. A scion or a roo!stoek d i s e a s ~  occui-s when enc sensi- 
tive species (part) of the composite plant hecomes infecred. The affected part mipht 
delwt~rl on tltr other  species (1-uunterpart) of the t r e ~  for its initial inoculation, hut 
onc:r: inoculated rhc rlisease would I~rronic independently systemic in the sensit ivr 
part. A modification of a scion or a rootstork disease rvoulcl be nnc in whirh a re3istant 
scion or tootstork would rlepend fnr symptom expression an i t s  counterpart lor  con- 
tinuous or intermittent irioculation, hut in ~7hicFi the r-ausal agent of the diseasr: would 
be systemic in the resistant part and in which no important hrid-union injury wcllrld 
occur. Such situations I1 be referred to as rootstock-u'ependc~~t scion diseases anil 
scion-dependent rootstock di-~eases. The scion or rootstock ]night also change tl:e 
susc~ptihility of its counterpart. 
Tlte rvnrd complex  ill d ~ n o t e  n FrOU[l of tristexa-virus strains. Each tri~tean-virus 

strain will I,e cl~aracterized by the interisity or synq>tnms it ran prnrlure i n  earh of  
three ho5t tvpes. Thew lwst types are c.harac.terixcrl I)!- the nature nl the illjury thev 
suRer whet1 infecterl. The injury typw are as l01lo1vs: 1 1 I~utt+unian, 2 I wont1 pitting 
anrl vein ff~cking. and 3 )  yellr~ws. :I virup. $train, fo r  instance. may I I ~  mild Inr the 
hud-union clisease. severe for p i t t i n ~  ant1 so extremely n~ilrl for yclln~r-s thal  I ! I ~  y-l low. 
zrroulrl not he apparenk. -- 
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The ape and sizr nf the hosl affert~  sust:rptihility. and a desrril~ticltl trf agc proups 
fallo\r,~, Upon germination. srerlIinps first prntluc~ leaif~s without clistinct petioles: in 
some specie5 there arp two puch Ipavps wi ~h an n p p n ~ i t ~  arrangpnienl. St-cillings in wl1ir.h 
peiiolrlesa leaves are the dmiiinant foliage will Ile rrfcrrrd i n  a s  in t Z i ~  wo-lea! s ~ t ~ g e .  
Wle tern1 po~tetl planr wi l l  de~ipnate plants or varinr~s sizes I ~ ~ y n n r l  lire two-leaf stare. 
I(l~rser?r-sized ~ r e e s  aye Iieatled trees allout I ~nettn. in Iieipht and r r c~n t lv  trans11lanrr~d 
from the rlursery to the field. ,Wnrrire IrePs are rhnee. wliich are several years old amrl 
have reschrd a rnaxitnllm I-nlumr. 

REVIEW OF LITERATURE 

111 the 19~t0'4. extensive reaearvE1 was contlurtrd on a ~nrsferinus wilt and cler-li~t~ 
r l is~ase of S I ~ ~ Z ' P P ~  nranpc trees on sour orange ro~ltstot~k .18. 9. 26 I. External 
symptoms arp of twn Iylres in firlrl-plani~d trees, Trees which tleclir~e yradonll, are 
characterizpd h! l ~ c a r y  pels or Fruit. supl~ressior~ of new grtjrvth. t>ronxing ant1 yellowing 
of leaves. cl~foliation. and rl irt~ack of t ~ i p s .  New prowrl~ su bscquent to rledine is wen k 
and confined to I ~ P  main I~ranc'll~s. ICxternal syrnlllorns nf anntlwr type are ~xemplified 
l ~ y  trees whirh s t ~ d d p n l ~  wilt aild die wi~hr)u~ Insing thrir leav~s. 

Tristeaa causps a utilization of reserve starch in ronts. followed h!. rn~t ing ( 8 ) .  Earl! 
in 1946. S c h n ~ i d ~ r  descril>ed a ne~ros is  O F  sieve tubes irnmrdiately helots thr I d  zlnint~ 
of afTectetl trees 4 26 I .  Flr poin~etl out that this 5: rnploni was similzr to the anatoniirel 
<yrnp~nms n I  1jt1ckskit~-viruy-infertrd tree9 of sweet cherry. Prunus a ~ . i u m .  on rnotstockr 
trl mahaleh cherry. 1'. nrahnl~h (2.5).  The nature nC tlie pathc~logiral anatornv inrlitated 
~ h a l  somp nia~prial injurious to the rootstock sieve ~uhes  h i~t  nut injurious to the scinn 
piere P HI IPS WBF ninving fl-nrn the scion LO thr rootstnc.ks in hotti r l i seas~~.  The ana~nmirbal 
s!mp:nrns at the 11ud union wcrc more iu l ly  descril~ecl latcr and used in rlia~nosin,n 
triate7a in sweet orange trees on SOIIF orange rootstocks 1 1 ,  2#. 32. 26). Filwt'ett and 
Wnllarr: 19).  in California. r~producerl the tristczrl rlisrase in young t r e ~ s  of swlae1 
orange on sour orange thot~tork  hy bud-inoculation from r r i ~ ~ a s ~ d  r;o?~tce~. Shortly 
tlterrafter. Men~ghini ~ranstni~ted the rausal agrnt of t l i ~  di.~rase rneatls nf aphids 
in RraziI (20 k. HP prndtiretl no! only tIcr-linc hut $tart-h ilcl~lrtictn Fti  llic r o t h ~ t ~ > r k  1 21 3. 
T ~ P  natrlrr r ~ f  tlw rliepasr: and its viral r.ausP wprp 11111s ~ s t a l ~ l i s h ~ d .  

This wntIrr>mr a l  developlnentnl symptoms has not !.et I~een worker1 out Tor t ~ t d  ant? 
rricl~stncbk r.ornI>inatinns ntl~er than sr\.eet oranyp o n  POUI' o r a n p  rootstrwk. TII inan? 
cases. i t  is 1101 kno~- t i  \vhirh nf rhe five types of rlisea~es r l~sc r i I~~r l  at~nve are assnriated 
will1 tlnsatislactory rom!>iuatinns. S i n c ~  s~rect  o r a n p  on sour aranpe rootstock is tl-ir 
h n ~ ~  for whi rh  tristrrxa was drsrrih~~rl. itnportani tliognr>sc*s of tristeza sliot~lrl he mad? 
in  his host. 

Kvirl~riee tlial it is a hurl-union rlisensr and 11o1 a s ~ d e m i c  I-ootstnrk nr in~erstork 
c l i ~ e n s ~  ~ ~ l ~ i r l i  V ~ U S C P  tlie injury r~sponei hle for cletline ant1 collal~se n l  nurser! -sixrrl 
ancl largrr trees is overtvh~lming. Schnrirler r t  al. (28, r;Iinw~cl that $ i ~ \  e-tulle 
n e r r o ~ i ~  is most exl~nsire irnnied intely Ijelorr- the l n ~ d  utlion. atrtl that it I)crornt-s l r s ~  
extensive as dietance from the l r  ud lrnion i tlcreases. T l ~ a t  sontr p h l c ~ ~ ~ n  r~nia ins  lunrn- 
~ional  in the pour orange -eootstock a1 points removeil Irom 111~ ht~rl union is s~rl~stntitia~erl 
1,y the occurrence oI qtarch depletion i n  the root~tork. Filnctioninp sieve tubes would 
h r  requirtad to ttansporl r.arliohydrntc sic~rt.d as starc11 out 01 the rootstock port ion 
nf tlir: trunk to func t io t~ in~  growing ronts. Furtli~nnore. trees nfferted I,? ~ristcza 
reart likp girdled trpes (301. Thus starch depletion in the xylem nf the rootstark is 
n 5ipnific.a tjt symptom or older. tristcza-d is~nsecl sweet orangr t rep3 011 sour o ra t lg~  
rootstock. 

Concurrently with the wnrk on the I d - u n i o n  disease in l h ~  Amcric-as. a S ~ P ~ M .  and 
wood-pitting disease n t g r a p f r u i ~ .  Cirrris parudisi Macf.. ( 17. 22 I .  and a wood-pitt inp 
and vein-flecking dipeas~ of lirnea (1.5. 16 ) were d e ~ c r i l ~ ~ d  and inrr~tigated in Africa. 



Grapefruit stern pittinc and lime diphack were found la hc of a common v i r w  nalurp, 
w i ~ h  a cn~nlnon insect vector. Toroptera citsirirIr~s I k i r k . ) .  In A1rir.a. swcet oranre 
trees on srlur orang?  rootstock^ hnve  never grown satisfactr,rily. J I ~ I P ~  thy r~uthrenk of 
lristcaa in the Amt~ricaq. it was surmised that the tristeza virus was the cause of this 
incompatil~il i ly in Africa. Discnrrry of stem pitting i r i  sepdlinp of ympefrnit ant1 
linit-P rlhich had 1,ee~i inoculated by aphids fro111 trew ~ t j i t l t  f r i s t e~a  poinked t c ~  [he pns- 
sillility that the stern-pit1 itig rl iseaw oF grapelr i~it  and the l i~nr-dir l~ack tiisease rwrp 
cauaecl by the trisleza virus 16. 1.3. 391. 

1.2 lhird ancl vryually important sytnptalil Iype was descrihcd 1,)- Praser I 10 I. 511~ 
reported a To-xopferrr rsi~ri~idu-s-trar~smi tteil vi rup tliscas#* whirh prrltlurcd "9e:ertlling 
yello~vs" in secrliin~s nf Icmon, Scv i l l~  sour oranFe. grapefruit. and other Ci~rua species. 
Thrre is some qucstion as to w h e t h ~ r  g rapd r r~ i t  h~ lonps  in this prnup of sreClIi11~ 
plnnta e x h i l ~ i t i i i ~  thp vellows t y p ~  of injury or wit11 plants d~vcloping s t~~n-p i t t i ng  and 
win-Reeking symptoms. The y~llows-producing inncu lum that Frasrr ~ t ~ s r t l  was ohtain~rl 
I ro~n commercial mandarin. Cifnrs rrricitirr~n Rlanco. and swept nrange trees in New 
5011th Wales and invariabl!. also producer1 ete~tl pitting and w i n  tl~arin:: in Mrai ran 
linre. lntrulum fro111 rornrnercinl grapefruit. ~ o u ~  nrange. and I~ninn trem prndured 
s t ~ m  pi t ~ i n p  in Mexican limes. l ~ u t  not yellows in lenlon s e ~ d l i n ~ s .  Seerlli t ~ ~ - v e l l n l v ~  
infevtic~n in Eureka lelnons resulted in severe stilnting atld cessation or gmlvtlr. l i p  

leaves were reducetl in ~ i x e  a11tl werp yellow. at first ltlarpjnnlly anti finally  he whole 
I ~ l a t l ~ .  Therc was no vcin rkar ing  or flecking or mosaic: pattern. Seedlings rernai~ed 
it1 a s1lor.k phase. Similar symptoms wrre descrjbed for sour orange seerllinps. Passing 
t hc stclti pi! ting-seedling cornl>les through gsap~fruit ant! sour oranpe secd- 
l i n ~ s  rlirl not wrt3en out ~ h r  seeclling ?ellows. F o l l o w i r ~ ~  Fras~r'i: (70) descripticin r ~ l  
scrrlli t ~ g  ycllnws. other workcrs jlresmtetl evidence that seetiling yellnws was alrearl! 
known anrl that it rvas rausecl 1 ) ~  tllp t r i s~rza  virus. 

P o ~ ~ i l ~ l y  the first transn~issinn nT ~eerllinp ~ P I I ~ w s  was I)! RPnnett and Costa 1.71. 
Wr~rking w i tll small ~rnftecl piants of sweet orange or) 5our oranre in the Fre~nhouse. 
I hey proAur:rtl tnp syinploms which werr not s i~ni la r  to 111ow rlrsr.ril,rd Tor tlerli ne. 
I lu t inore closely resen~ltletl synl  pr o111s ul  seedli t ~ g  yr l low~ sul>sequently clesc~il~etl by 
Fraser t 10 I . Tllal the root~tocks nf thwe trees were systeinirall y infected by ~eecllinp 
vrllows virus is furt1lrr intlicatcd hy an Inruljation periocI of about 30 days. ivhich is 
shorter tliaii tllat rt*quirt=d For derlinc. Therr is turilier indicaticlt~ Illat Ken11e11 nrirl 
Cnsta's srnall field-inoculated trres werv alsn suffrring in part from seedling yellorus 
nf thr  roots1 ork. I~rcmuse thr!- wrre ririal,le 213 T C ~ F T O I ~ U ~ C  I ~ P  syml)tom of  s ~ a r c h  tl~yllp- 
tian in rnote!ncks which l V 8 S  rl~seril,erl hy Fawrrtt ant1 W a l l a r ~  1 1 and hy T\lcnr?hini 
1211. 

Prior to Fraser's r q ~ n r t  of sredling y ~ l l n w ~  ( 1 0 ) .  Costa. Granl. and M o r ~ i r n  131 harl 
repclried [hat citrus srecllings in I ~ P  trrro-leaf stage, i~iclurling Kpp l inr~.  lemon. an tl 
sour sranpe. intwlrlaterl From tristezn-d iseasprl trres clevelnp~d symptoms. Later tlw? 
reporled ( 7 )  that the synptnms i r ~  their snur orange seetllinps in Brazil rlid not differ 
from thc ~eetllirig yellorvs nf Fraser. In 1953 H u p h ~ s  arid Lister 4 16) reporled that snur  
nmnpe srccllinFs inor~ulatecl with lirne-diel)ack virus  d ~ v ~ t o p e d  a yellnwing tvpe of 
smiptoln. l ~ u t  l ~ m n n  seecllit~gs were 11nt affected. It was not statcrl wlirlher d i f f ~ r ~ n t  
i t~r>cul~~ni  was uscd. 

McCl~an ancl van der Plank ( 1 9 ) .  nrl tlip hasis a! their ~xpr!ricnrt- in A lrica, a g r ~ r r l  
will] Fraser t h a ~  inoculum Irmn field-inlwt~rl trees of swret orange and niandarin 
callserl 110th pitling and ycllnws. and ihat innculum lrnrn grapefruit trees prodtrr~d 
only pitting. McClran ( 1 8 )  surcpedrtl in screeninp out the causal spent of seet l l in~ 
yetlows b y  passing thy inoculum iront swept orang? ancl mandarin through grapefruit. 
McClean ant1 van der Plank (19 1 thouplit the symptoms produced I)! [he seedling+ 
>ellnws rirus and the triateza I d - u n i o n  virus had tn he irlmtical. They pmposerl a 



hpporhetiral pla~it to demonst rate their point. An infected sweet orange !~ud would 
5c praltetl onto the top of a decapitated sour orange ~eedling. For this plant they pro- 
powd two options: 1 )-Only [he bud rr~ould Ile allowed to gmw and no shoots from rhe 
saur orange. and 2 )  that the sour orange axillary bud would grow a~r t l  not the sweet 
orange bud. The!. state that the game virus would have to cause the resulting hud- 
union disorder of the campositc plant i n  case one, and the yellows of tht? seedling in 
case two. 

McClean and van tler Plank (191 were not in  agreement with Fraser regarding the 
occurrence ol seedling yellows in graperruit seedlings. They found in Alrira that grape- 
lruil seecllii~gs dev~ lop  pitting. bTrClenn (18) euggestctl that very olrl Eurrka lemon 
trees were suscepti hte to tri~texa. Hntvever, !IF: rlid not determine whether they rr,ere 
suffering from "lemon-si~ve-to he necrosis" which i s  assor.ia terf with the Eureka variety 
(373. 

In California, Wallace (40) reported that the strains of tristexa virus ~ p r e a d  hy 
insects through rnmrnercial sureel oranpe orchards did not cause vell(~rvs in seciFling 
lemons. ITe iound that some C i ~ r u s  spet:ies which had been in~ported into the ITniterl 
Slates by budwood, carried virus which produretl seedling yrllows in l~rnon seedlir~gs 
as we11 as the vein-flecking and xylem-pitting symptnms in limes. None of the literature 
indicates whether the causal agenis or sc~dl ing ycllown anrl stem pitting can cause 
the I d - u n i o n  disease or swret orange on sour orange -erootstock. which is iristeza as 
originally descri t~ed? 

From reports in the literature it is dificult to determine the degree of wsceptil,ili~y 
of varinus Gitrrds species and to group the species into injury types. This is I,crausr 
it i s  not clear whether researchers are writing nbout ~uscept ih i l i t~  of a Idant to a v i ru s  
or of a rootstock to a virus-infected lap. The matter is further cnrnplical~d because the 
host plants that have heen srutl Eetl have ranged in size Irom scccllinfrs not much I~pyond 
the ernhryo siape to large trees. I~~nru lu ln  used i n  testing 110st4 in various countries 
llas heen of numerous strains. Sonic workers have used inoculum co~itaininp several 
viruses without being sure wllirh ( I F  the ~ f f e r t s  prnrlucrd in t r e ~ s  shoulrl he ascrih~d 

The term nontokmnr was illlrodured into thp literature. and new nlcanings were 
given to the long-established term folernnt. Grant and Costa (11)  used the tPmm nun. 
rolernnt interrharlpealdy with unsatisfnrtory when rererring to such rootstorks as sour 
orange and lemon. Costa. Grant. atid JTorrira ( 5 )  used nnntolerant to describe I I "graft 
and intergraft cornhinatio~~s." 2 1 stock-arion cornhinations, and 31 rootsto(:ks. Later. 
two classes for rt)o~s~ocks-t~on tolerant ant1 toleran 1-w~rp prnpo~rrl ( 12 1. Kontnlrrar~t 
was used in dmrril~ing rnnt~tocks which arc unsatisfactory under sweet oranEe tops 
r ~ ~ a r d l e s s  of w h ~ t l ~ r r  the ror~tstork is injured hy the ~ i r ~ ~ s  or 1)3. toxins ptodured I,? 
thc virus in thr swcet orallce. Iloo~siocks whir-!I are satisfartorv unrlcr infcr~ed sweet 
orange were desc~il~erl  a s  hcinp tolerant. I n  the ~ ~ r i e s  of papers by t l i e ~ r  workers. ~ h p  

IcmI rolerant takes on s ~ v ~ r a l  ~neal~ings:  It is used in descrihin: I a host which is 
susreptihIe to tristeza. and rvhirh allotr~s virus multiplication w i ~ l ~ o u t  iiiiurv. as in sweet . . 
aranKe; and 21 a rootstor-k which i s  satisfactory under swcer orange top reparille~s rlf 
rrrh~rher it, as a seedling, is tolerant, resistant, or immune. The ~vord  nontolprnnt has 
-- 

a Wallare. J. I!., R. L. McClain. ail~! R. 1. Drake ( u n p l ~ M i ~ I i r r l ) .  in California. inorlllaterl f i ~ l r i -  
Frown n~trsrr~-sirerl LrPes n I  1-nlc~icia n11r1 navel on mrir nrancc ritnts~ock from s e w n  clifTermt 1lrvt.r 
lpnlon soz~rrr-. Thr-r Rl-er lrtlltrns hnrl ~~r~l,iolfbly Iwrn ~ I ~ o u n  to rdm' a I ~ ~ I P  Or B \irt~b C ~ I I I ~ I P X  
that indtlrrrl  ~t-~cllinc vrI101~1 ill ELITPL~B lernnn and vrin rl~aring and vvlrrn pitting in Nexiran liinr. 
~ ' I I P  swrrt nn sour trw= inoculatpd from melt thrw Gnrlrcw rlmcltrprrl tyl~ical triatrza lr111irk 
~FuvIinrl symptom<. Inalculalinn5 rll s w ~ l  nrangr nn <our orungr trr-rs wit11 virt~e from natr~mlly 
infrctcrf swt'rt nrangtn t rrt- nliic.11 (lid n r ~ t  rallCf. arrdfil~p yrllows on Erlrrka I ~ n ~ n n  also r~s~~ l t r r j  in 
~lnirk+rlrrlinr syrnpir>n>*, 



been used in describing I.) a grafted plant which does not prow properly, and 2) a 
rootstock which is not satisfactory under a rprtain top regardless of whelher it. as a 
s~edlinp,  is hyl~erse~~sitivc. sensitive, resi~tant. or i inmun~. 

METHODS AND MATERIALS 

Citrus plants were inoculated hy side prafts from lime plants. The lime plants usecl 
h r  inorulunl wcrc tissue-inorulated from other lime p l a ~ ~ t s  inoctllakerl hy Aplti.~ gassypii 
GIov~r.  Periorlicall!- after inoculation, plants wprr s~ctionerl anrl ~ t a i n r d  arcorcling to 
ptncedures describetl earlier (27 1 .  

C o n t ~ p l s  o l  the analomy of healthv plants in this report Irere based on anatomical 
P tudies of Hayrvasd ant1 Long (14 1 : 5rntt. Schro~der. ant1 TurreBl f 35) : and Schneider 
I 27.29.31 1. 

PATHOLOGICAL ANATOMY 

Chromatic Cells. There is evidenre ha!  111e trist~7.a virus Intlves ~ h r o u ~ h  the sieve 
tu lm ant1 in Fet.ts [~arenchyma or parencli yma-like crlla adj ac~nt  to tllent (33). Tliew 
inferled re119 \\.ere rlcsrrihrtf xs rhrornaiic cells because their prntoplasts hetrolnc darkly 
staittrrl in inicroscnpic preparations t3 .Y .  34 1. Formation 01 chranlatic cclls h ~ p i n s  
with a tliirkening oi the cvtnpln~ni on t h ~  sirlp of tlie cell atlj acent to a siew tube I fig. 
1 I . In full!. clereloped chronlatic cplls. the al~norrnnlly tliirkened ~ ~ t o p l a s n ~  typically 
~onsists 01 a lightly n ta in in~ clear maiprial I bps. 2. 3. 4,) . Thick rytopla~m occl~rs in 
ohier normal kinds of cells in various plat~ts, but in contrast tn ~hr, rlrnr cytoplasm in 
the diseased material. healthy cel ts wi tli thick cytoplasm contain anrl emall 
re~icles. In fully dei~rloperl chromatic cells the Formerly l a rge  central s a c u o l ~  is retluced 
lo one or several s~naller nncs I ~ P  increase in tllicknew of the ry~aplasm. Kithin thc 
rlear ~ ~ l o p l a s r n i r  mar~r ia l  of r l lmula~ir  cells darkly staining masses C T P Y P I O ~  an11 sub- 
srqi~mtly s ~ p m  to 1,r~ak up into n c ~ d l ~ s  ant1 strands (figs. 2.3,  41. Surh masses. needles. 
ant1 sttnnds in RninP stapes of rlev~lnprn~nt Iwromc purple when stair~erl according to 
Rald's ( 4  I procedure with Giemsa stain, and assump an rllrI-rose colnr in the Sakaguuhi 
lest for arpinine as tnotlifi~d by Rawlins. Wei~rich. and SrIiIpgpl 123);  Tl~ese rnlor 
reactions indicate 111at [he darkly ~ ta in inp  TnwPes. ~ierdles. and strands inn! hp virus. 
Thus chromatic cell? may be tl~oupllt of a s  virus-containing cells. nnrf t l i ~ i r  rffccts on 
surmunding cells vary wirll rhr bust in rv11ic.h the! nccur. 

Woad Pitting and Vein Clearing. hlexican lime tissue reacts t n  t l i ~  preeenrp of 
chromatic crllr in  11tt. following ~ ~ * a y .  rn malure tissues. t h ~  rhrnmatic (+ells ltave no 
~ f f ~ c t  nn a c l j a r ~ n ~  tissues and rvcntuall!r r l r~e t~ r ra tp  I fig. 5). T-lowever. whrn chro~iiatir 
cells are lc~catrrl a r l jar~nt  to rnpriptrvms (caml~ium. pro~amhiltm. i ~ ~ ~ r i s ~ r n i ~  l .  tllr 
r.hromatic rnntFitian spr~arls  rrnm rhrll In rrlI thmt~gh tlre r n ~ r i s t ~ m .  T,ater. in t h ~ s r  
afTerted areas. nrrrosis of some rhrama tic cell9 occurs. bartiall\, chromatic cells. paren. 
tllymn ref Is, and li~eriaicm cell3 atlj ncrnt to  the chrntnatic cells hypertrop1ly. '!'he 
result is  n destruction of the mexisten1 i n  Ioralieed a rws  ( 3 4 ) .  

Jai the formation of IVOOFI pits, the cn~~ll)iurn is affwted first 11y this chron~atic con- 
dition ific. 61 ; hypertrnpllr and necrosis develop later ( h ~ .  7'1- Becaus~ of this disrup- 
tinn n l  the conihium. normal y l c m  and are not laid down. TIie soft. rlisorgnn- 
iwrl tissue nf !he lesion may r ~ m a i n  attnr.hed to the I~ark w h ~ n  thp !>ark is rerno~~ed. ant1 
tIius I R ~ V P  a pit in t h ~  wood. Somc~inies therr is repenerstion or  regeneration 
nf t lle carnl,ium, lollorr~crl I,! an n r d ~ r l y  protlur1ion of x l ~ l ~ l r t  ant1 pliloein. In tltpse 
rasps thr! disorganizcrl x!-lmt tissue is Iluried in normal woncl. anrl the dir;orpani7,erl 
ph lo~n l  is l~us l~ed  ourward with the nanfunctioning phloem. Remnants of hypertrnphic 
rp1Is and of necrotic chromatic c~l ls .  and other characteristics to he described in a 
later paper. should serve tn distinguish tristexn pits frotn pits induced 11y r)tlicr cauws. 



Figs. 1-4. Chromatic cells in phloem of various C ~ t r u s  species 1011 of equal magnification). Arrows 
point to darkly staining needle-like structures in lightly staining clear cytoplusm.-Fig. 1. Cross 
section of primary phloem from stem of Mexican lime t 5  days after inoculation. In one parenchyma 
cell (see black indicator) the cytoplasm i s  thickened on one side (the initial step in the formation 
of chromatic cells).--Fig. 2. Radial section of chromatic cell in metaphloem of stem of Mexican lime 
19 days after inoculation.-Fig. 3. Lartgitudinul section of chromatic cell in  secondary phloem of  
long-diseosed Meyer lemon stem. Needle-like masses are clustered around the nucleus.-Fig. 4. 
Longitudinal section of chromatic cell in longdiseased sweet oronge secondary phloem crt a point 
above the bud union of a tree on sour orange rootstock. Explanation of symbols: (c) cambium, Icy) 
cytoplasm, lf.i.) fiber initial, (i.c.) inner cortex, (i.p.1 interfosciculor parenchyma, (nu.) nucleus, 
(p.1 parenchyma cell, (s-t.) sieve tube, (vE vessel, (vo) vacuole. 

Tn some Ceeder roots the cambiunt was Fnuncl r o  l v  afferted in i t s  cntircty rather thari 
in loralized areas : therefore, no ~~orrnnl xylem or phloem was protl trcec! a f t ~ r  t h ~  
infedion. 

In the lr~rrnation of cl~arrd veins. uhro~naric cells develop ad jacer~r to the protophloc~~~ 
sieve t ~ i l ~ e ~ .  of young veinlets. RIP cbrnrnatic condition sprearls front the rhromatic cells 
adjacent to the sfevc t u h ~ s  into surrounding tissuvs which are $[ill incristematir. Primar! 
phloem f i k r  initials and F~unclle sheath cr:l I3 h q ~ r t  rollhv. and nornlal d i f f e r m t i a ~ i o n  
fails to ocrnr. A5 a result veins are rorm~d without caps of prirnar?- p l i lo~m fihcr~ 
and ivitliout sheath tells (figs. 8. 91. Air s l ~ n c e s  nnl-n~ally f o u n d  arclunrl ~ h p  reins are 
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figs. 5-7. Crass sections of an ox i l l av  shoot of a lime plunt 46 days after inoculation with tristeza 
virus. White indicators point to chromatic cells.-dig. 5. Secondary phloem. Chromatic parenchyma 
cells are adjacent to  sieve tubes, those in the older phloem part id ly crushed. Sieve tubes adfacent 
to chromcrtic cefls are not affected.-fig. 6. Cambial orem. The chromatic condition (darkly staining 
cells) has spread to the cambium.-Fig. 7. Pit in wood. Explanation of symbols: Ic) crrmbiurn, (h.p.1 
hypertrophic parenchyma cell, (i.c.1 inner cortex, ( r )  raycel!, k t . )  sieve tube, Iv) vessel. 



Figs. 8 ond 9. Cross sections at veinlets from lime leaves (all of equal mangnification).-Fig. 8. 
Fram a noninocu!clted lime plcsnt. Note cap af primary phloem fibers (p.f.1, bundle sheath cells (bl, 
and air spaces on each side of the vein, Lower epidermis is  torn.-Fig. 9. Cross section of a <Teared 
vein from leaf of a tristeza-infected lime plant. Note the hypertrophic cells (h) which formed from 

the primary phloem fiber initials. Air spaces are lacking around the vein. 

nrcludetl by h!-pertrnphic rells. This causes thr veitis and adjacent tiseue tn appear 
translucent or clpared. 

Seedling Yellews. When seedling lemdn 'Erws are intrculated hy trist~za+itifevted 
sriorl+. chromatit. crlls drvclop atljacpnt to sieve tubes. The c!iramn!ic conclition does 
not sl>r~arl  CO mrristmis as in limp planrs. Unlike thr pituatinn in lime plants. the 
sipvp  tub^^ w a r  thr chromatic u ~ l l ~  herhome necrotic. The ~lracrs~es of rhromat ic celI 
for~natioll anrl sieve-tu11e necrosis ac:cur most .tl~ui~rlantly in f ~ e d e r  rtrot~. TIIF phlo~in  
of lewes and ~telns  is  onlv inildl!- affc:cr~d. 

\\'hen roots rr.hich are still it) primary stages of davelol~mcnt 1,ecoine affected. the 
l ~ s ~ i a l  rrt-rmsis of the sieve tubes near chromatic  cell^ nrcurs ( f i ~ .  10) .  The ~ O I P S  nl 
primur! u! l ~ l n  whicli alternate wit11 tlie nf primiary l ~ l ~ l o r n i  are not aflecter]. 
l n ~ ~ n ~ i f i c r l  catnl~ial actii ity I,egins, I)ot or~ly j~ l i to~m anrl l i t t l ~  nr no xylem arc fnr~ner! 
I figs, I I .  12 1 .  5omrtiine5 the r.aml,iiri~~ 'Ton~i~.  itwirk the primar!. x!lrin p o i ~ s  ra i l~er  
tllnn nutsirl~. A s  a rew It. prinlar! ~yle ln  pches l,ecc,tri~ eml~etldetl in  the ou t ~ r  I ~ l i l o e ~ i ~  
fissur I fig. 1 1 I .  Fv~ntuaIIy. ~ n r i r e  cluqterq of feeder roots d ~ t e r i o r a t ~ .  

severe efl'erts w r p  I I F ~ C I P I C C ~ J  on 1~1non seedlitsgs by the yellorvs strain of I T ~ ~ I E S  froin 
Meyer leinon I fig. 1 1 I . Thr strain from ct~mmrrrial swept clraripe caut;erl a~iato~nical 
5yirlptorns in only rrccnsional roots I fir. 1 0 )  a~icl ~ ~ r ~ d u r e r l  no dr-finite est~l-nal  svrnp- 
tnlris. Rot11 virus straitis pmtlur~tl  lnilrl spniploms in lime plants. 

Wilt and Decline. 1\71eii rnakur~ ctr nurs~ry-sized sweet orang? trrt-s on your 
nral!pr rr,ots1r,csk3 arc intxu1atp:l will1 t ristpaa vi r u ~  I,!. budding i titn scaffold I>rnncIie~. 
sirvc~-~ulw R P C ~ I ) F . ~ S  irequentl!. appears I>elnr*. the ht~rl union ahrilrt 7 or X ~nnnths later. 
F ron~  I 0  tn 23 nioiitlis arp required for tnp sylnptoltis to appear i r i  mature trew ~ F L P ~  
sipvpl-tuhp necro~is if; 6rst cle!ec!etl (281. The reasot~s why such a long lime is required 
for girdling LO b~comc  rfler.tive arp  as follows: 1) Tlipre is a re$erltc of storecl starch 
in tlie roots whirh n i ~ r ~ l  6rst he d~plt'ted. and 2 )  new phlorni is prt~rluced interlsivelv 
cluriry the pmn-inp season anrl functions for  a lime hrforr. becoining necrnric. When 
the reserve starch supply is finally rleplet~d. the roots rot. and  d ~ r l i n e  nr r n l l o ~ s r  
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Figs. 10-12. Cross sections of feeder roots of lemon seedlings.-Fig. 10. Primary phloem pole 
of a feeder root inoculated with 0 strain of virus from commercial sweet orange pussed through 
aphids to Mexican lime. Note the chromatic cell with darkly staining strands (in cross section) and 
the necrotic sieve tubes In); endodermis (en).-Fig. 11. Vascular cylinder of a feeder root long 

diseased with seedling yellows. Inoculcrtion was by grafting from a Mexicon lime plant infected by 
aphids previously fed on an infected Meyer lemon. Sieve-tube necrosis and excessive phloem farma. 
tian had occurred. There are seven primary xylem poles, two of them seprrroted from the pith by 
intrusion of excessive phloem. Very little secondary xylem has been produced, compared with that 
shown in fiaure 12.-Fig. 12. Section of a no:mctl feeder root with secondary xylem. 



follot\s. After the initial sieve-tube nrcrosis, there is degeneration of ihr rrtdpr sieve 
tuhm above the burl uninn, a c r e l ~ r a t ~ d  camhinl aciivity, and other al~normalities nf 
a secondary nature (28 ) . 

Collen ( 4 )  founrl that some apparently healthy trem of sweet orange on sour orange 
rootstock in Florida carry the tsistexa virus. This was determined by indexing to lime 
plants. For over a year. pomp n( thcse trees (apparently a few atypical one31 did not 
tlecli~~e. nor did bud-union-hark sninpIcs sllnw anaiomical symptoms. 

There is t~orr. good evidence that rhl-o~natir, cells in  S W C P ~  orange t o p  are tlw prinlary 
ayrnptotrl of trees on sour  OrRnpe rootstock. T i e  necrosis nf sieve iuhes irnriiediatrly 
brlow h c  hud unitm is a primnr!. renrtinn to a scion rvhirh has becnmr incnn1pntil)l~ 
with sour orange as a result of izifertion. As yet. r l~ron~at ic  ~ ~ 1 1 %  have not I~een loutld 
in htrd-union ser+~inr~s prior to sieve-t u be necrosi~. hut one miphr suaped. their presencr 
in n t l i ~ r  parts nf 11le ~ r p ~ ~ ~ p w i n l l y  near the point of infection. They have 1,et.n nb- 
sr~\retl in the ~ l v ~ e t  orange portion of occasional bud-union sections after the orcurrmcc 
of sieve-tube necrosis. 'l'hr:? llare not hecr~ o1)~ewetl i n  the sour orange pnrtirln of 
sections. 

S~vrr t  o r a n g  wedlings reere decapitated h inches ahnre the prnc~nd and innrnlated 
hv sirlt: ~ r a f t s .  Clrronlatic rpllp wrre prrsPn1 one month l a l ~ r  in stems wliirh grew 
frnm axillary hud3 of t 1 1 ~  ~e~rll injis .  Snme ~trilrl vein c l~a r in?  also o r c u ~ r ~ t l  i n  plant4 
inncizlatr-rl with a vi rus  strait] from ?,!'lever lemon. On? might ~upgest I fiat rhrc>tiiatir 
cells srctete s o t ~ i c ~ l i i ~ l ~  ill10 sieve tulws which is tol~ratetl I)? the sweet nraripr 11ut kills 
snur orange sipre tulb~s as it ~ I O V P S  acrow h e  !NICI 1111iot1 into hem.  Thus it would 
appear that the den111 nf sour orangr sicvc tufws is causetl not hy t h ~  x~irus itself hut I,? 
i;r llnr sulwtance originat  in^ in thc irifcrted swret ~ T R I ~ F P .  

SUMMARY 
Tlie f4)rrnarirln of a tli9ti11ctive t! ~ J P  11~thol1)piral ( ~ I ~ r o ~ ~ i a t i ~ l  cells appeitrs to 1~ 

the primary sylilj~lrlnl nT t r ist~za in citrus. 'Shew I ells are liwt Eort~ied arljarent to sieve 
~ U I I P S .  Charartvristi~s 01 tllr r11mnia1ic celh are a thick. lightly staining clear cytoplasln 
~vithin whir11 arr emhrrlrletl rlnrkly stniriitlg Illnsws. ~tran(l3. nt. needle-like ch>jcc.ts. T l i ~  
t e ~ i ~ r a l  rarunle is  small and sometimes .rlivided. 

\\'ood pi tiinp ocr-LI rs in  hTexiran t i ~ n t : ~  wTwn thr: rhrotn:itic conrli!io~i sprpntis to t h ~  
cambium anrl rauscr; drgtanrration of ~ h c  rnrristrm in Ioraliz~rl arcas. \F.IV wocrcl i s  

riot forr~ed in thee? nrcas. nrrd rvnnd pits nre thr rrsult. 
Seedling y~llnrrs in lemons resultp w11rr1 ~ Y ~ P ~ I Z ; ~ \ , P  aievr-tulle tiecro~is new rliromatic 

rrlls nccum t hrnuphnr~t t tie plant. hut prinvipsl ly irt f e r d ~ r  roots. Exc~ssive pllloetn 
prorlurtion orcurs and little or nn s~rclnt!nrv s y l ~ n i  is lormecl. All or the Calirornia 
$trains nr ~risteza virus tested prntlucrd pomp chromatic cells in le~nan sredIings. c.vPn 
tllnugl~ the strains from cnmmercinl S J V ~ P I  orange orcllards di tl riot protluce ~nat:rnsrnpic 
sy~nptnrns. Sicve-tube necrosis belerv the but1 union of slrFcrt orange trees on sour 
oranae rr~o~stor.Ci appears to he a tristexa-virus-it~dured inrampatihilily. Chrnnlatir tell5 
occur in the SH pet orange and Meyrr lernrln. Iwt t h c s ~  hosts do not react to them. 



LVTERATURE CITED 

1. ~LTSTATT,  G. E.. R. L. ~ I E C I .  \IT,  ant1 CE. L. ~ X J T .  h wcontf rrnport on state-aid? CurveyP lor 
quick rlerlinp nI ornngr lrrcs in  California. California nept. Agr. null. 37: 168-175. 19UI. 

2. Rhr .~ ,  .I. G. .I melhrrrl for the w l e ~ l i ~ e  staining of reiru?c. in inreclerl plant tiscucs. Phytopatliol- 
n u  39: 395-402. 19hf9. 

3. REVSRTT. C. W., ail11 -4. S. COST%. Tris tc~a  disease of citr~is. lour. Agr. Kesrarch TS: 207-237. 
! 9.19. 

4. (:nrrm. 51, Tnridenre of tristeza viriis in Florirla in tmes not y ~ !  allowing field sprnptnms. Phyla- 
pathnIop 46: 9. 1336. 

-5. CO.;TA. A. 5,. T. .l. Ctrc~rur, antl S. RTn~r:ln~. Invr~tigaqc?r.s pajlrp a tri~teza rlos c i t r ~ ~ s .  11. Coiiceitr~p. 
r rladns sGhre a rraq5o das plantas ritricar; i tr i~tr .7~. Rragantis 1): 5940. 26i0. 

6. COSTA, -4. 5., T. J. GI~AST, anrl S. Xlonernn. A pos=il~lr rrlationship b e t ~ v r ~ n  tristrza anrl l l ~ e  stem. 
disease of grape[rlrit in Africa. l:aliiornia Cifrngraph 55: 504, 526-528. 1950. 

7. ( ; C I S T ~ ,  A. S., T. J, I:I~AXT. and 5. ~ ~ O R E I R A .  Rr.nq,n laranjt~ira a d r l a  i Iristrza. Erapantin IS:  
1'3-216. 1954. 

8. F%TCF.TT. i[. 5. -4 blarvh l rr t  for rpiick d~cl inr .  Cslifornin I:itrrqraph 30: 122. 19 1-5. 
9. FAK~:ETT. 11. 5.. nnrl 1. 11. R'\I.I.ACE. Kvillrace of ~hr:  virils nature o f  cilrtw qiiirk rlpclinr. Cali- 

lornin CitroFrapZi 32: 51). 8H-89. 19-16 
10. I:~*cen. I.1r.r.t.r;. > ~ ~ ( l l i n g  yrllorr,~. nn unrepnrtrd virtie disen~e  of c i t r ~ ~ s .  :\.\pr. G197. N. I;. Walt-< 63: 

12i-131. 1932. 
11. G r ~ h v r ,  T. .I.. ancI .El. 7. C ~ R T A .  .A, progrebs relmrt on siridic~ of tristrra ttisr-ase of r i l n ~ s  in Rr~zil. 

]'rot.. FEoritln <tat? fIorl. Sue. 61: 20-.13. 19.19. 
I?. G~taur, T. J.. h. 5. COST,\. anrl S. V o n ~ . ~ n \ .  fitlrlli~s of ~ r i s t ~ m  ~Iisease of r-ilrl~s in Tlrazil. Pmr. 

Florida 5ta1c. Ilr>rt. Sor, 62: 72-73. T').ifl. 
~.?. .( :R~YT, T. J.. :2. 5. COG.I'A. nnrE 5. \InnEmh. Trist~zn rlisraw of citr~ls in Tlrn~il. Califinrnia (:ifro- 

grapfl 36: 31 0 311,321 -32h.3?11-32'1.1951. 
11. I1 ayrrkitn. 11. E., anrl I:. 31. 1.orcc. Thr ariatom\ of 11ir -ectlFinp and roots of  fir 1-n!mria nrangr. 

11. S, h p t .  Apr. Trclr. Rlall. 786: 1-31. 1942. 
15. IIr,crrss, W'. -4.. and C. .I. T,!.~r:n. r-inlr rlifroce in the C01rl coast. KFttnr~ 164: 8RR. 19 19. 
16. I I I ~ C I T E ~ .  IT. 1.. ;in(! (<. 4. I.VTKR. Limv dir-11al.k in IIIP (;1\1(1 Conc~. n \irnc tli<rnsc. t!ie Iilnv. 

Citrrfs t r ~ t r a t ~ ~ i l n f i o  Cliri*t~nann) 5rrin;l~. Jot~r. Ifort, Sci, Z8: 131-140. 1053. 
17. ?IcCr,r~.;, A.  P. D. P o ~ ~ i f , l r  itlcntity nl 111rrr ~ ' i t r ~ w  I ~ ~ P P ~ P P = .  Uai urr 165: ihi-768. 19.50. 
18. h l c C r . ~ ~ u ,  :I. P. 1). Tric~cza and sl~nl-pi~ling r l i s ~ > a ~ ~ e  of citrlls in 5ou1h hfrira. F l 0  1'Iant 

t'mtrrt. Rull. 4: XWI.  19.56. 
19. \ I r C r . ~ n ,  :I. 1'. D., ant1 J. E. mh- RER P L ~ Y K .  T11e rolc of eecdIing yrllrw= ailrl strnl pirtin:, ill 

Irir!r;.a of ritnlc. PFiyt~~patlioIopy 45: 222 22'1. 1933. 
2(1.. \IEYECI-11x1, 11. S;II>rr n nat trrcn7a r 1rarlsn1is~i2~ilirtildt. (18 doenr;u "tristrzn" dns citrr~e. 0 Hiojogice 

II 1: 2Rk2X7.19 16. 
21. 11 ! ' N F c ~ ~ ! v I ,  \!. R ~ a q i o  11r amirln nnc enurrfiw dr "wrrllin~*" r1r 1aranjrire rrtili~arla4 rrn ra- 

prrii,ncins rlr ~ransmi=sgo tla " t r ic i r~a ."  O liinlogirn 13: 01-02. 1'117. 
22. 6)~~ltllOl.7~rl. P. I:. .S., T. ?IAT~II:WS. nntl 5. F. SI II.:ITTE. Tlic ~lt'cline nt graprlrl~it lwes in Fn~ t t l~  

11 frica. .4 prrlirninnry report nn so-callctl ' * d ~ r n  pitting." Union 5. .4frica Drpt. :\F. Sci. 111111. 
297: 1-18. 1919. 

?3. I{ \wrr.lu+, 1'. E., A. J. W K I E ~ I ~ I I .  and n. E. S c r ~ ~ z c r : ~ .  A Iii=tocf~riniral sltltly of certain rjlnnt 
V ~ ~ I I = P ~  by Incans of 111e 5akaguchi reaction Inr argininr. V i r o l o ~  2: 308 -31 1. 1956. 

24. R ~ n n r c ~ ,  D.. J. I. Woon. antl K. E. STE\TTS. Report of thr Cclnlrnitipe on Tpchnical Wurtl~. 
PI~~topn~l~oEagy 30  361-365. 1O.K). 

2.5. . ~C~INI . I I IFR ,  TI. ?\nntorny nI I)llrkekin.rli~~a~rtI prach and r1i~n-y. Pltylopatllologr 35: 61114.35. 
lV(!.i. 

26. S ~ H V F . I D F . ~ .  H. h prrbFe.sc rcport on quick decline gtudies. Iri4tologiral ctildir~ (part 111). Cali- 
hrnia Kit rog-sph 31 : 198-191.1946. 

27. S c ~ ~ u ~ r o a ~ ,  IT. The phloem of the sweet orange trec trunk nnrl the ~rawnal prorlncrion of xylem 
and plllorn~. Ililgarilia 11 : 33136h.  1952. 

28. S c ~ x e r o ~ n ,  ! I .  :\nalomy of bark ot bud union, tnink, snrl mot= of quirk-rlreIinr-nffcctrd sweel 
orangr trrr+ on sour orange rootstock. IlilgnrtIia 22: 567-581. 195.1. 

29. SI:IIYEIIIER. 11. Cnnrlition of phlnrrir 0 1  sow- orange trre trunk i r t  ~ r i n ~ e r .  TIiIgarrlia 22: 583 -591. 
I 951. 

30. SCEIXF.~ER. It. Effect of trrlnk girdling on phloem of trunk of swret oranpr trees on Four n r a n p  
rootqtock. l l i l~artl ia 2'2: 593401.1951, 

31. SCIIYEIDER, I t ,  Onrngrny of l~rnnn ~ T P P  Itarb, Amer. Jnilr. Bor. 42: 895905. 1955. 
32. SCIIYEIDER, FI. Ctironic declin~. a tristrzs-li ke bud-union tlisorcler of oranpr trees. I ' l ~ y ~ o p a t I ~ n l u ~ ~  

47: 279-284. 1957. 

1 83 I 



35. S c ~ ~ u ~ l n t . ~ ,  11. C:ltn,l~latic parmcllyrna cclls in tristcza-diseased cilnl*. PhytolmtllnIn~y 47: 53.3- 
534.1957. 

34. SCTINF:~DLH, H.  :\n~lonli~:ttl rt:sponSic of SIII~IC Citrus s~)ccies  to tristeza virrlp.. Phylopatl~nlogy 17: 
534. 1957. 

35. Sclrn.srn~n, H., 11. A.  UITAHCOI.HT, anrl VICTORIA ROSSETTI. Sirnilaritivi in the patl~ological 
anatomy of rluick-drclinr- ant1 1riste~a.r.a-rliut.aaerl ornnge trtnt.s. Phytupatholngy 37: 845-8.16. 19 17. 

DG. ~ C I I N E I ~ E R ,  I-I., J .  11. WAI.I.ACI.:, anrl 1. E. I)IWTTHAA. T l ~ r  pstl~nlugirnl anatomy of F~~~rl-unlu>n 
~issut-s of oratlgr lreee and its value in llle diagnolis of q l ~ i ~ k  rl~rlinr. P I ~ v ~ o l ~ n t l ~ o I o ~ y  4n: 21;. 
1950. 

33.Sr.1r~~rnen, TI., rtnrl R. I.. WITT. Sivve 1111ir 11rrr05i~ in lcrnon mains.  Cslifornio Citrograpl~ 37: 
47&181. 1957. 

38. 5 c n ~ ~ .  FLORA hi.. IrhRl- R. SCHROEDI.:R, ant! F. 57. Trmu~~.!,. ~rvrloplrlr.llt. crll ~ l l a p ~ ,  ~tlheriu.ation 
n l  internal sr~rlarr. and al>scie~ion in tlie leaf of ~Fle Yalenria nmngr, Ci~rrrs S E I I P I I S ~ S .  Rot. t h z .  
I 09: 381 -11 1. 1948. 

39. TALLACE, .I. 1Z. Rpcrnt clrv~lopmrnts in str~rlips of  quick ilrclinc anrl rclaterl tliseaw.~. Phy~o-  
patt~olngy 4 1: 785-793. 1951. 

10. W t ~ r . t r e ,  J. 111. Tristrra anrl c ~ e d l i n ~ :  yrllnwa of  citr17~.  Plant Disease Rep~r.  4 1: 381, 367. 1957. 


	1st_73.jpg
	1st_74.jpg
	1st_75.jpg
	1st_76.jpg
	1st_77.jpg
	1st_78.jpg
	1st_79.jpg
	1st_80.jpg
	1st_81.jpg
	1st_82.jpg
	1st_83.jpg
	1st_84.jpg

