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I NTRODUCTiON 

A study of the sweet orange fruit seab! caused by Ehinol australil< 
J3itanoourt and Jenkillll (5),' 88 yet identlfiod only III South America, 
IS reported in this paper. The flOur Ofange scab,' caused by Elsinol 
fa'WCiltti Bitanoourt and Jenkins (-'), and the Allstrf'liian citrus scab, 
caused by Sphauwrrwjawatti 8cai;Wsa (MeAip. and Tryon) Jenkins 
(tS), are almost Dever fOUDd (£3, 40) on the sweet orango (Oilrus 
8'ilWiMi.s Osbook), fllld when present do little or no damage. 

Inasmucl, as Spluu:el(Jrrm per,tat Jenkins (ff), the causal fun~us of 
scab of avocado (Per8W ameriCaJl4 Mill.), is morphologically 6uniJar 
to the conidial stRge of E.'W.rwt (awedti, having at first bC(ln confused 
with it, this orglmism was illcluded in most of the oomparisons of 
E. aU$/raiu v.-ith E. fawutti. Tho comparisons a.ervoil to demonstrate 
that E. aU$frali8 is also distinct from S. ]H-rstat, and they confinned 
the conclusion (ft) that S. TMr8t IU and E. faweetti are two diITorent 
s{,ooies. Only a brief report of the comparisons with S. TMr8t!1U is 
gIven. 

Ex{'eriments on the control of sweet orange fruit scllb have not 
been !Deluded in the present study. Wright lind MoreirtL (41), how
ever, ha>"e shown by a series of spraying oxperiments that the disease 
can be controlled by essentially the samll methods WI those employed 
for sour orange scab. 
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SPECH1S AND V AR[ETlES OF CITRUS AFFECT ED 

In Sao Pauio the 8W(lCt orange varieties thus far observed to be 
affected by the sweet or8nge fnlit scab fire tlle following: Bahia 
N1WO!' Porll , Sllbllra( Selecta, S!l() SebastiAo, Santo/!, Lima, and Mllu
go.rll.tiba. Artificial mooui(ltions show that the Abllcl\>:i vllriety also 
IS susceptible. 

I n Tucuman, Argentina, Muller ' has observed the disease OIl t.he 
following I'arioties: Ruby Blood, Swoet MediterrnnclI.II, Valencia, lind 
Criollll. 

Ot.her killds of citrus known w be s ffl'ded by the sweet orange 
fruit seab ill Silo Paulo Brc the t&ngerine of Brazil (OitMUI JW/nlia vllr. ), 
tangsron" (0it1'1l8 Mbilis X SiMMU) a Bweet lime kno .. m liS lima dll 
Persia (C. auranJijl)/ia Sw.), a !lOur Jimo known as limio soda (0. 
auramijolm), larnnja cravo (Oitnu sp., probably a variety of C. 1Whili. 
Lour. ), and a pointed-leaf papeda (G hyetrn D G). T hese 18lIt two am 
subjeCt also to sour ornnge scab. I n Argentina, according to G. L . 
. Fawcett (16), the fruit lICab slightly affoota sour orangtlillid mandarin 
(pot'!Sibly the SlIme II!! the variety called tllngerine in Bl"flzill. 

THE DISEASE 
Hlb"1"QRICAL REVIEW AND GEOGRAPHIC RANG E 

Sweet orang" fruit scub, us tho diseaso under discussion is desig
nated in this paper, was previously referred to in rela ted 1)flpers by 
the Kuthors u.s navel orange scab (f1) and liS scub or verrucosis of 
sweet orange and tangerine (3). 

In South America sweet orango fruit SCIIb is known to occur ill 
Argentinu, Paraguar' Uruguay (aPI)urentlyl, und B1"fI711. The 
present knowledge 0 the distribution of the discllSC is based on the 
records detailed below rnther t han on ([. planned suryey. D uring tho 
pust several yeaN scabbed sweet ortlnges (including the navell, from 
Brazil and Argentina, havo o<:casionally bNln inwreepwd at seaJlOrts 
of the United States by in~pectors of the Buroau of Entomology and 
Plant Quaranlino, Uniwd States Department of Agriculture. 

The carliest record of ~weet orange fruit scab is from Paraguay in 
1882. This antedutes by about 40 years the first records of sour 
ofllnge scub in South AuU'rica . 'l'he"6 record~ of sour orllIlge scab 
are {rom Argentina (14), Paragttuy (36), and Bra?11 (19) . 



PLAT", I 

c D E F G 

J 
"OR .. X l' ........... TORY L.E""ND Slil OPPOIII T ! .... ,,!. 

r ........ ~ I <lh"'.,_'''' de S 1'.."" (lJ" , U' 



 

l , n. I. 11137 SU'u t Orang~ Frv.il Scab Gawwl by El&inoe auslralill 3 

G. L. Fawcctt, iu reporting (1920) the existence of sour orange scab 
in Tucuman (14), stated that the sweet orange is very resistant, 
although tho [fllits afe sometimes affected. Later (15) he noted 
that the scab of lemon and the scab of sweet orange, as he called the 
two disessc<>, differ in regard to t heir host plants, 11.8 well lIS, appar_ 
ently, their causal organisms, although in general thfly are very 
similar and arc controlled by similar mothods. MOff! recently he 
stated' that the sweet orange fruit scab was present in Tucuman 
before the sour orange scab was introdll<:ed and that he' first obs<Jrved 
sweet orange scab there in 1915. 

In February and March 1927 Kisliuk' ff!ported the finding of scab 
and scale on oranges from Corrient.cl!, Argentina, in the retail markets 
of Buenos Aires. A s~imon of scabbed frui t collected in February 
1927 is in the mycologlc.sl collections of the Burellu of Plant Industry, 
and is typical of sweet orange fruit scah. Scll.bbed sweet orange fruits 
from Bella Vista, Corrientes, 1934, were contributed by Le6n Grod
SillSky, of the Ministerio de Agricultura, Buonos Aires. Marchio· 
natl.o in 1934 (17) reported that in Argentina "citrus scab has boon 
obs<Jrved e:<tensi\'ely d uring the present ~'ear on VllriOUS citrus fruits 
(orllnges, mllndarins, and grllpefruit ) ill citrus growing district9 of 
the COlISt." I n lJUrt the diseo.se referred to WIIS p~bllbl:v sweet 
orange frui t scflb. In the lettor by Miiller'~ already Cited he stilted 
that he had spent the month of FebrualY traveling through widely 
separated pllrts of Argentins (including T ucuman), snd tha.t what 
impresscd him most in citrus d1se1lSCS was the abundance of sweet 
oTRnge fruit seltb: whuev('r he saw orange t rces t hese were affocted 
by scab, wherellS the sour orange sCllb WIIS comparatively rare. 

IN PAlUGu .. r .. NO UBuou .. r 

In ParRguay and Un,guay, in 1920, Spegllzzini (88), describing 
$ymptollll!, endently those of sour orange SCQb, on leaves of lime 
(Oitnu aurall/ifolfa), stated that growers there had informed him 
that the disease also attacks shaddooks, sweet oranges, tilld lemons, 
but that he had 1I0t had an opportunity 1.0 confirm these statements 
at fin<t hand. T here is, of course, the probability that the disease 
of sweet orange was t be sweet ornnge fruit scab. On several occa
sions mention has been made (to, £1, £6) of the mycological specimen 
showing what are now considered to b9 typicallesioIlS of sweet orange 
fn lit sca.h, collected at Vills Rics, Pa.rsguay, in 1882 by Bal8.llsa" 
(8 . Salansa PI. du Paraguay no. 3543). 

The scab of sweet orange which Gimrdi (/7) reported in 1922 as 
having been present in l'ar&gUIlY in II. mild form for 30 yeal'S i~ pos
sibly the sweet ornnll'e fruit scllb. Girardi stated thllt the small iso· 
lato.! or groupo<! lesions of the disease had been confused by some 
with certain scale insects. 
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In Uruguay, with respect apparenf ly W sweet omngfl fru it senb 
Girard i relXlrted further tlmt the d is('Rse was l\IOnninglYJ)rev~lon t' 
there being no orfluge gro,'cs ent.irely froe from it. He ad cd that if 
the disease has not bt)()11 given the irn l>ortallC(l it deSH\'es it is boc1louso 
growers have bolicved it to be due to adverse conditioru; of locality 
or weMller. 

I" B~."". 

In B rH,il sweat o range fruit ~cab is known to occur in the Stf,te.~ of 
Siio P,\ulo, where lire grown about 60 p<lfcont of the HrfV;ilian orlmges 
that IloTS eXPQrted, Rio Grande (10 SuI, Minus Gonlcs, Rio de J aneir ... 
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und in the Distnoto F ederal. Unverified reports iudio"w that it Illfly 
filS() be present in the St.at.ef! of Mfl tto GI"QSI!() and Pafilon9. (fig. 1)." 

In the light of present knowledge it is belilwed that Noack's (SI) 
description of sceb (Grind) on fruits aod young twil:,'·" of ,'arioIlS kinds 
of oranges (fln vcrS<lhiedcn OrangenS()rt-cn) in SAQ Peula (1900) may 
have been sweet enmge fmit seab. . 

I n Srio Pflulo sweet Ol'll.nge fruit seall callle definitdy to the atten
tion of citrus bPJ"tlwers "bout 1931, "nd since that tilne i t hIlS come to 
be regilorded as an importllnt disesse (2, S, 9, 2 1,41), At first it ww! 
oboserved only in a few localities, but, by 1934, it had boon found to 
occur II bundantly in the most important commQrcial citrus-growing 
districb (4I). Carvalho (9) stated in 11132 that severely di!;llWl<ld 
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swoot oranges of varioua varieties had boon roceived from Limeira, 
Soroeaha, fllld P irnciea.ba. The first cri~cal studies of the disefl.ge 
which demonstrated it to be separable from sour orange scab are those 
of the present authors. (800 footnote I.) 

Authority for t.i16 ooourl'{lnce of the c!is;?lIse in Rio Grunde do Sui is 
hll stld UpOll a herbariUlll spedmcn collccted Ilenr Borges de ""'I(l(leiros 
instituto, Porto Alegre, in lI.laroh 1923, by E . Bruck , The specimen 
(no. (745) See~Ao dtl Pby wpatiwloglQ do institu to de Biologia Vegetal, 
Rio de Ilneiro) was 1 ... ter identIfied by E. nangel IlS SphactloTrUl 
fawcdli J enkins, as tbtl sour orange scab fungus WIlS dosignated in 
1925 (19). A note on the lftbel of the specimen states that the 
characters obsen' (l(1 aro those of the pseudocanker of Costa Rica. 
According to Smith (95, p . 6£ and le~nds to }if/8. 45 and 46), tJle 
pseudocankcr of CostQ Rica is the IUlllle I\.~ sour orange scab. The 
following sta tement, translated from t.he Portuguose (54), is indicative 
of the prevalence of the sweet orange fruit scab in 1936 in the vicinity 
of Porto Alegre: 

I n our almost daily insjJOOtion of the packing houses of tills region 
we find tllflt 1.1 grollt majority of the {ruitl'!Ull8uitllble for exportation is 
rejected owing to the presence of "spoti'!" cflUllCd by the fungull diseo.se 
known by the common name of \'Qrruco~is or scab. A large percentage 
of tbe fruits rejected ill these packing houses is mflde up of orll.J\ges 
showing this disease. 

The rooord of the occurrence of the disease in MillQS Geraes is 
hased on a few fruits of the Bahia Nl.lvel from JlICutingu., collected on 
August 8, 1934 (£8), and deposited in the mycological herbflrium of 
the Escolfl. Suporior de Agricultum e l\'ledicina Veterinaria de Minfls 
Gcmes. A specimen from this colJoction Will! observed by the au thors 
in J l.lnuary 1936. 

In the Dis tricto "Federal, at Campo Grande, the disefISC was re
cently (1935) observed on tho Pora and Selocta sweet oranges in two 
or three orchards. I t hIlS since boon found (1936) in numerous other 
plflccs not only in Campo Grande, but &Iso in Nova Tgwwlll and Siw 
GonQalo in the State of Rio de Janeiro. According to qUflrftntine 
olricers tbore are now more thQn 60 groves in this gcncrnl rogion 
where the disense hf1.9 boon identified. in fI grove lit Inhoa.hyba, 
Districto Fedoral, thcro is an abundance of swoot orange fruit scab. 
On a tree of the Selectll variety leaves as wellllS frni ts were heavily 
scflbbed. 

t CONOMI C IldpQRT ...... C>: 

Sweet orange fruit scab apparently does not affect the general 
health of the sweet orftn~e. Sevel'1lly diseased fruits often reflcll 
nONnal size, but the rind ls£rea tly disfigured . Thero is apparently 
no 10Sli in the flavor of tho fruit. This parUy explains wby citrus 
gn)wers ill BrQzil paid little a tt.(lntion W scab while their orQngos 
wele produced for loclIl consumption or for exportation on a small 
scalo to Argentina and Uruguay. Upon Ule exportation of oranges 
to Eurol)(l (beginning in abou t 1929), however, a serios of Foderal 
regulations was inaugurattld in order to prevont tile sbipment of 
low_grade fruit. The fruit scab (lIOn began w be a mlltter of serious 
concern to citrus growers in Silo ]>"ulo. In some gro\'e6 from 50 to 
60 percent of the frui t Will! blemished by the diseflSe, some of it 
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severely, and in numerous otllor grovoo as much as ono-third of tho 
crop ,WII.!! unfit for export (41). }'ortunaLely, however, as ahown 
6xperunentally, the disease can be oont.rolled (41), and tllis has since 
been tlemOl)strnted under commerdal conditions by the ~ults of 
spra.y ing in il number of orchards. 

SYMPTQ"'A'roLO(lY 

MOIIPHOLO<lIC 8 .. "..,0 .. " 

The symptoms of sweet orauge fruit scab detailed bolow 8rt) more 
or less supplementary to those previously given by one of tllO authors 
(2, 3) . So far as obl,;erved in South Americ&, sweet orange fruit 
scab affects mostly tho fruits, wbile sour onlnge scab ottacks ]CIWes 
and young twigs as well. LesioDB on leaves of sweet emuge are so 
rare tJlat it has been the belief for some time that tho loaves are 
entirely free from tho diS%S6, IUld this opinion was e::tpres,sed by G. L . 
Fawcett (/6) and by Honey (cited in tl). As a result of a very 
thorough examination of a navel orange grove in I...imeira, however, 
during one of the most sever ... attacks of the disease yet noted, anum. 
ber of mildly scsbbed leaves were found in the inner part ef the tree. 
In general, leaves of the outer rart of the crown: and, in fact, more 
than 90 percent of tJ,e leaves 0 severely diseos6(l trees, do not show 
lesions at 011. Although from the standpoint of symptoms theleoves 
may be considered as generolly scah·free, leor infeetion is not to 
be disregardod, for doubtless even 0 few lesions may ploy an important 
role as hold-over scabs. 

ON P RI11Ti1 

Lesions of sweet onmge frui t scab on young fruits may cause an 
appreeioble deformation of the rind, which is usually protuber&nt 
or swollen where the lesions appear. ThOfl6 deformations .l7adually 
disappeor as the fruit increases in diameter, and mature fruit has the 
nonnal spherical shape. The surfaC6, howevor, is sometimes sJightJy 
depr-.l at the POlllte where 100ions are large and coalescent (see 
pI. 12,0). III general appearance the lesions (pI. 1, A and Bj pI. 2, 
A and B) are similar to tllOse of sour orange seab. Upon careful 
examination, however, it is possible to discern cortain appreciable 
differences to be explained presently. Individual lesions of the 
sweet orange fruit scab consis t of pustules of corky tiSII!e, wllich are 
round to irregular, mised, and usually slidltly convsx (pI. 3, A ) 
measuring ()'(lm 2 to 6 mm in diameter. The larger lesions (pI. 3, 
D-D) are morn flattened and mll.y be tmvel"fl6d by more or less del.'p 
furrows which result from the rupture of the corky tissues. in some 
cases II. circular fissurn (Ill. 3, B ) surrounds the central part of the 
lesion aud this part IlIl1.y be detached with comparative case, lcaving 
in its pilice a sl ightly deprO!!~ed scar covered with !l. silvery t>£'lIicle. 
This SlIme pellicle sometimes surrounds morn extensive lealone or 
covers the !>reas between them to a greater or less extent (pI. 4, A ). 
On !lCverely infeetod fruita the lesions are frequently large and con· 
fluent !>nd cover extensi,'O a.reas (t , fig. 44), ~ndonug the frui t too 
unsightly for export, 1\8 pre"iously mentioned. In some cases the 
smaller and 1lI0l"(l numerous lesions result ing frolll secondary infection 
may be distinguished from the llrimary lesIOns, which they aUlTOunrl 
on the sarno (r\lit (t!, jig. 47). 
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The coloration oI the lesions of sweet orange fruit scab is deter_ 
mined on the one hand by the color ol the corky tissues and on the 
othor by the conidiel pustules of tho parasitic fungus. The corky 
tissues IU"1l "light oehraceous buff" 'I to "warm huff." Sometimes 
there is sU.(lOrimposed on these tissues a reddish tin~, "deep vinacoous" 
w "eugema red", which is also noted in the nnd surroWlding the 
lesions. The conidial IJllstules of tho causal fungus oI the disea.se, 
often visible near the center of the lesion, pre "warm buff" I.(l "clove 
brown", and "fuscous-black." In geneml t-he les.ions, together with 
the exposed growth of the pathogen, thus exhibit a variety of colors, 
rangin~ from buff to bl!Wk with a.ometimes a pinkish huel which can 
be distinguished without the aid of a hand lens. The dark.()olored 
losions may resemhle lesions of !;Cab of apple (Afal"IUJ 8Y{rJUt";8 Mill. ) 
caused by V~nruria. irnuqualu (Oke.) Aderh., as noted" by Carvalho 
(9) . 

Comparing the lesions of sweet orange fruit scab on sweet orange 
(pI. 4, A ) and tangerine with those of a.our orange scab on lemon (B) 
or sour orange (0 and D); it will be seen that tIle former, as a rule, 
are more nearly circular, and, particularly on the tangerine (pI. 3, E), 
more flattened and less wrinkled or rough. Fruit lesiollil of a.our 
orange scab often consist of irregular pustulos, on the surfaces of 
which appear small rounded eJevatioWi or wrinkled protuberancos 
(pl. 4, 0 and D) not found in sweet orange fruit scab. The corticose 
tISSUes in the fruit lesions caused by a.our orange scab ala.o seem to 
be more spongy and less comp!Wt than in tbose caused by sweet 
orange frult scab. It was evidently a.our orange scab leaions of the 
type shown in D , although much more pronounced, that Spegazzini 
(36) doscribed !IS "nodules having a granular Burface almost like a 
cauliflower." 

Reference to l08ions of both sweet. orange fruit scab find sour orange 
scab on a common host, i. E'., fruits of lnranja cravo, is made in the 
section entitled "Inoeulat.ions." 

In plate 2, C and D, is shown an example of avocado scab, whicil, 
as already indicated, is similar to a.our orange scab but distinct from 
both this disea.se and sweet orange frui t scab. 

Symptomatological characters of the scab disease of the remote 
eitrlls relative Ht 8perdh"lUJa crenulata (Roxb.) Roemer have a certain 
similarity to those of sweet orange fruit scah (t4). 

0" LI!H·"~ AN" 1""'1011 

On the leflYe!! of sweet orange the lesions are mostly found only on 
the lower surface, chiefly on the midrib (pI. 5, A and B) . . They 
seldom form protuberant outgrowths lIS on the fruits, although in 
ve~ young leaves they a.ometime!! fonn funnellike pockets (A) 
similar to those produced in sour orange !;Cab. The leaf lesions are 
smoot-h, and frequently have II. somewhat glo!lSy surface. Their color 
agrees with thllt of the fruit lesions, except that they may be bordered 
by a narrow brown line. The lesions, with the exceptio" of those along 
the midrib, seldom attain 2 nun in diameter. On pointed-leal papeda 
IUld Select!!. orimgc the leal losions may be distribut(ld on both leaf 
surfaces, lIS i~ the case with sour orange scab. In general, as thus far 
observed, the leaf lesions of sweet orange fruit scab are smaller and less 
cle\' ated than those of sour orange !;Cab. 
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On t he twigs (1)1 . 5, H, a) the lesions of sweet orange fruiL scab tire 
also comparatively rate lind inconspicuous, rC'IICmhling lhOfUl 011 the 
midrib of the lellve!!. 

8[01<. 

On fruit>;, on tho surface of the ielliona fi ll well 88 witllin t he fi!lSutes 
there may be seen with the a id of 11 powerrul lell~ small butT to black 
projectiOl)8 o~ ]Jualulel!l (pI. 3, If, a ) , th,e largest of which lire II.bout 
0.1 mill In dL/lmeler. They are SOmeun\l!8 concentrically arranged 
Il nd more o r leal! oont inuouB (E, a ), or they may be aggregated ilL the 
center of the l('IIioll (8 , 0 ) or moreor 1_ etJuse o\'er the entire eent.ral. 
jHlft of the Stlab (C). T he projections are the conidial pustules or 
IlCcrvuli and SllQroooebia of the causal fun g\11I of the fnut seab, re
ferred to on page 7. Signs 011 leaves are generally inCOn8jlieuoua, 
nlthough on pointod-Iea! Jlliped il. they mil): be prominen t . 

The concentric IUTflngement of fructlficaUons in the case of sour 
orange scab (to,fi". t , #.) is less evident lhlln in aweet orange fruit scab. 
The outstanding llign of !lOur ornngescabis of course the Clad06porium. 
like de\'e1opment of the fungus on the surface of fairly young lesions, 
and this type of growth has not been observed for the causal fungus of 
sweet orange fnllt aeab. 

HL8TOLOGIC Sn' P"TOlO8 

The hYJ;l6J1)lastic II llture of the lesions of sweet orange fruit scab 
(pl. 6, A ) III genernlly ~illlila r to tha t of sour orange !!Cab a8 deaerihed 
hy Cunninghllm (J 1) !lnd til! lllter diMlufl8ed by Butler (8, p. 181 ). 

THE CAUSAL FUNGUS 

NAME, HISTORY, AND CLUIIIPICATION 

The fungu~ causing IIweet ornnge fruit lICab is the w}:riangiaooous 
lI.!!COmycete E7~n(ll (lu8lral i& Bitancollrt fi nd Jenkins (5 ), originally 
deaerihed (1933) as SphaalQma fO-wet/li tri,ctUa. Jenkins (t1). The 
ellrl iest available record of the {ungus is the previously mentioned 
specimen on rind of sweet orange eolloot<ld in Pnrllb'UII.Y in 1882. The 
general appellranee of this specimen, togeliler with the originalillbel, 
18 shown elsewhere (16,jig. 1, A and B); in plRte 6, lJ, are ahown acer
vuli from this material. The perfect stsge of the fungus was dilK:ov
ered in July 1930, on scab lesions on a rille Bahia Navel orange (6 ). l.o 
describing this stage as a distinct species it "'IS suggested that the im
perfect stage be called Spooctloma atulrol" Bit .. ncourt. and Jenkins. 
1n it-s perfe<:t atage the fungus diffcn froUl Elnrwljawettli in the ap
parent abseoce of an epitilecium and in having well-de,'eloped globose 
a!!COmatli and longer U'lCospores. The conidial stage is not chsr&cter
ized by the CladOflporiumlike devdopment of E.Jawutti and is more 
persistent. 

~ORPHOf..O(l\, 

Tile conidial fn lclificalions of Elfinot atulr.uil consist of acervuli 
and sporodoeilia (pI. 6, ~ll) arising from intraepidennal or sub
epidermal hyphae. Conidia otlll!cr tlian the bodies inlerllfetoo as 
microconidia have been uneonullon nnd usually entirdy absent on 
these fructifications l1.li collected ill the field and examined in the 
laborstory. The bodies in terpreted as microconidia are usua lly I)res-. 
cnt on the surrll.C6 of thell.CeIT1.l.li and 8porodoehia (pI. 6, B, a). They 
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IlK>UTlONS "NO CULTURAL OO~1'AJlISONS 

As prtwiously reported (£1), to sssist in the identification of FJ&inoe 
aU6trali$ IL8 f()und on the nahia Na"ei orange, two different isolations 
were first mllde, one from the specimen from Sol'O<lllbll (straio 345) 
Rud one from the specimen from Limei ra (st.rain 356). T he two 
strains were similar in appearance but were separable from the ()ther 
strains of E. jawulli then at hand. T hey were also cultunuly dis
tiuct from S. ja'UXftli lICabiosa, then not distinguished from the spooiel!. 
The cultures of E. a!Wrali~ w~re particularly distinctive in that they 
were copiously covered with a cles. viscous substllnce (tl, fig . 1, 
(Jand DJ. 

T he ~u1tural growth of l!1sinoi o1l81ralu WII!! of the convolute type, 
lind wI\!! therefore directly fOlnparahle to the convolute S-rowth types 
of E. /.awedti lIud S. ptr$ea~ rllther than to their pulvffiate growth 
types. ' This ill brought out in plate I , C to G lind IT to L, which 
Iliso shows E. a!L$irali. to be culturally distinct from E. ja'UXftli lind 
S. ptrM(u on both pota to-d extrose and wort-ag .. r media. 

To ()btain further data all the idontity of the ()tganisIn associllted 
with sweet ()fi"lJIge fruit scllb, add ition&! isolations of this n.riety lIud of 
f£.jawedti .. nd S. l"'''tIU were m&de from lcaves o.nd fruits of their 
respooti,'e 8USCepts (table 1), snd then &dditional p>lraUei cultural 
cOJllpW"isons were m>lde. 

Various methods "'e re employed in making the OOlations~but for the 
most part they were mllde from sero.pings of lesions. ThI!6C were 
placed in 60 Petri dish , and the cont.ent.\l of a culture tube containing 
potato-dextrosc or glycerin IIg1Ir was poured over theJrl. For some of 
the OOlations of E'l8inol u!L$iral;" (for eXllJllple, culture 702A) sections 
of eonidial fructifications similllr to those shown in plate 6, D to l', 

"Tbo ___ ..... pol ....... I, .... 01_'" ..... ",,_.,8. __ &,.._ .... 
__ .... "'_ ~ (O'I .... JI). 
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were transplanted to the ooge of agar slants. The de\'dopmen~ of 
t~e (ungus .ooul~ be obsen'oo from . the ~rst under a. eompal'1lth'ely 
IlIgh magmficatlon, For another oolatlon a water suspension of 
eonidia Willi made on a gla8S a1ide, allowed to dry, and then a single 
conidium \\'a8 transferred to the edge of the slant with 1\ micro-needle. 

T .uu I .-l~ 0/ RIftMl """,,,Ii. " .. II M. I"~; c",plo~ro i .. .. p", .. lItl 
cwUllrai ""m",,,'''''' 0" I'<'I<:Uo-dal, .... "9'" (~. 9, A-I)) 

--
~---, 

The cultural comparisoos 8ho"' 11 in plate 8 were made in 1933, when 
there were available throo new isolations of the Svh=tloma front citm. 
lICah from South America. TwO lI'ere of f.:Lrinoi aU8lralil from 
t'Q/lUlIon sweet orange (stmins 375 and 379) and one of E. /(lwutti 
(t l,JOQt1l()t~ 1/ ). These stmina (grown on t ubes of tho siw shown in 
plale 9, A - IJ) are here compllred with one of tha original 8train~ of 
E. Il1J.8frali.Y, and with E. fawcdt i !l.nd S. fawcdti 8ca!;Wl//l. On the 
thr(!t) dilTerent substrates, Jnalt agar (pI. 8, A- I), potlltO-dextroso 
agar (J- R), find wort agar (8-2a), tho new strains from sweet orange 
formed a group with t he original strain of E. australu, although all 
three could be distinguished from one another. Strain 379 on potato
tlexll"O!Ml !\gar (In .... 1lI more or 1e88 inU!mlediate bet""'een E. alU/truJif 
and E.falDUtti. In another comparison of lhe three strains on potato
dextrose flgar ~~eK .... ere aga.in separable ",,·hen grown at room tem-
perature, but s· fi r ",,·ben grown in a reJrigera tor (pl. 11 , D-l). 

A parallcl cul tura l comparison, made on 'March ZO, 1934, included 
representll.th·e i!lOlations of all the strains of Ebinot olUtroli8 (pI. 9, 

EX P LASA"f"OIlY L.o:o ~sn ~O ll r ..... Tr. I 

A - I. ).I"",b-old cullu ... "" """,_ ... ·Iubo ....... 0( Itl.rao :r.~ v I). m (B). ood 't\:'l~ • 
I.W_ .... .-IIt .. d .. 0Inia <In (II) '" E. to_I..,... 11&0 i'oulo _ ... "'_ ""UI _. (~ ODd 
11 In 0( J:.,.....u; ""'" ' Iorido. otntJe DJ (0) {)I ""'1t_,. ..... I __ !tom ...... InJ... .:II5t "'l{)l E . ,.1«fftI "- J~_. ODd IUt.III VI (/l 0( 1110 1lI*<rl_ .. oIlr\IO "-"" \1""," {)I Soulb ",r iot.. 
J _ • kino ",.1 .. o. po .. I<>-d .. , .... _. 8-1' .... """'" .... I .. on ....... _ . ( All X I.) 
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A and B) and of E.jawemi (Oaud D) then a,'aiJable (table l). Several 
strain~ of S. /Mr8UU were added to the comparison, but they were 
readily distinguishllble as not of the E. faWet/li group and are no t 
"forted upon further. T he puivillflte strain (345a) of F:. aWltraJis 
(p. 9, A , It, and B , a) \\'as isolated {rom strain 345 (A , band B, b). 
A pulvinate strain (828/1.) of E. faweetti is shown in plate 9, 0, d, and 
D, d. The other strains included in the comparison were of the con
volute type of growth. The cultures of E. ja'UJUtti wero remarkably 
unifonn in appearance (pI. 9, tIl a-t; , e-k and D, a-t; , e-k). They were 
a bright clear color and generally " vinaceous" to "pinkish vinaeoous." 
I n corresponding culturos of E. aWltraJiII t he Jight-colored region$ were 
generally "cinnamon buff", "cinnamon ", or "clay oolor." Strain 375 
(A, e, and B, e) WIlS, o.s usual, nearly all black; str&in 379 (A,}, and 
U,/) WflS "pinkish vinaeeous." 

U\.T"TIONS 

The comparisons jU$t described showed that the st rains of ELrirwi 
austra/ill could be divided into two main groups: Group 1, represented 
by the first two isolations, strains 345 and 356, and by 381 B (pI. 9, 
A, b-d); and group 2, represented by strains 375, 379, 933A, and 702A 
(A, ~-k). Tbe eXIstence of these groups wItS further emphasized by a 
number of new parallel series with additional new isolations of 
g. australis. Theae series have also ahown that the fungus is so 
extremely variable that within the two group!! lIlany of the isolatll!! 
may be distinguished from each other. Furthennore, it was soon 
recogniwd that .... ithin a single isolste there occur variations of the 
type known o.s saltations. These II.Te conspicuous in large thslli, 
and Kolle flaaks are convenient for the culturt\1 work with them. 

Examples of groUp!! I and 2 and of ssltstions produced from each aro 
here given II.S re])resentative of varistions of ElBinoe austra/ill observed 
on potaw-dextrose agar in Kolle lIo.sks. 

Strain 381B, representing group I is shown in plate 10, A. This 
culture is here distinguished chiefly by the copious mucous covering 
already mentioned and by the light color of the thallus, "cinnsmon 
buff" to "clay color." There are sometimes embedded in the mucous 
co,'ering a number of globose bodies (pI. 10, A, a) of a darker color than 
ti le thallus, "saya! brown" to "mikado brown." These are inter
preted o.s secondary thalli probably produced from conidia or detached 
cells of the l)rimary thallus. In corresponding slant cultures held in 
sn upright posi tion the inoculum (or secondary colonies would be 
carried with the slime to lhe previously sterile agar surface and there 
would develop into charscteristic thalli. Such secondary growth, 
produced by strain 375, of group 2, on old cultures of wort snd potato
dextrose agllr is shown in plate 9, E snd F, respectively, and also by 
EU!ino~ jawcetti on potato-dextrose sgar in plate 9, a. 

A sslt.t~tion i!lOlawl from a sector of 381 B IS characterized byabsen("1l 
of viscosity (pI. 10, B and 0) . It is slightly convolute in the central 
part, and the llIarginal region is applllllate with weB-marked con
centric zones. The surfsce is covered with Ii shor t white down. The 
generll l color is tl,e AAme o.s in normsl sectors or slightly darker 
(" liglit drsb" ) along the mdial and concentric zones. 

Strain 702A , representing group 2, is com'olute and coal black. 
There are no traces of mucus, and tufts of white down lire present on 
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the Ilurface (pI. 10, V, a). .From t his culture hI!.!! nrisen fL fnn-shll.p,e<.! 
soctor (D, b) of the puh'inate type of growth. It is concentrically 
l'.Ollllote and unifortnly covered with II. ahort red down, "UlLy's russet" 
to "dragon'~-blood rod." A bright-red color, "carmine" fUld "ox
blood red", is imparted to the medium. A similar, but It'llii pro. 
nounced, colonHion is produced b)' the 8nltatiol1 described for group I. 

A further descri]ltiOli of \'II.natloll!! of thia species is published else
where (6). More or 'ess similar yariuiona may be ci ted for other 
organismll, &9, for example, thOlle report.ed hy Conant (10), Olwill 
(I t ), H ansell (tS ), alld MusklLtblit (SO). 

In the ease of f;m,loIrrndlt (Speg.) JenkillS the decided difference 
noted between &tr"il\8 i!!Oill.te<:i b), ,\ndcnKln and Kadow (1) lind a 
st.rain il>Olat.eo:l by L. K. Jones]1 IS explainable on the basis of what 
has ooen referred to here I\.!I tile convolute a.nd llUhinato typll8 of 
growth. T he stmiu isolated hy Jonos was pulnnBte in chBmcter 
when finlt studied by Jenkins (t5, pI. I ) a.lld it has so remll.inud . 
Anderson ILnd Kadow (1) statal thllt (hiM stmin produced no conidia 
on oorn-meal &gll r, whi le the other strains isolated by them Vrodu~ed 
oonidia in abundance. Thill culture produced some oonidia when 
studied in 1924- 25 by Jenkins, but abundant «midis l formation wu 
not obtained . 

TI!IoIPCMTURC RE ...... T IONS IN CULTURE 

To obtain da.ta on the tempera.ture rela.tions of EUillo~ auslr(llif, 
cultures 381 B Bnd 702'\, representing groups 1 a.nd 2, I"()~pcctively, 
were grown on po~to-<lc;c trose, glycerin, and rice Agar aiantJI. The 
cultures were lu::ld for I month lit the following tempera tures: 5.5", 
12", 17.5", 22",26.5", 3 1",35", II.nd 39.5" C. The reaction to telll
pernture ".II.S t he same in all three medill.. There WIl.8 no growth at 
5.5° and 39.5", somegrowlh at 12" s nd 35°, flnd good growth at 3 1". 
The best growth OCCUlTed at 26.5° . 

T AUE 2.- A_ftl1f dift_l ... "J ".,.u.lo-dmr_ "f"r oI~ nl cuUKr .. oj EUi_ .. ...r".Ii • 
.. JLd E. Ja_1i ~dd J<Jt" I "",>LI~ a.! di6f rnl e<J1IoIO>LI k",»<ra.!Kr .. 

1.>10 ........ \"(U"\00:1 _\*11'''''' ,,--- ~ u · c. . ... c. It' c. • 0 . ,u · c . r o . w 'c. ~o. 

M. M. •• •• M. M • •• M • 
If.. _ ... . .. _._._ .•• • - " • • • " .. • " K. • ....-._ •. ___ ••• •• :: : ." " • • .. " " " .. K.-.. .......... _ ...... ~ " • " " .. , , .. 

Following this preliminary experiment, a simi la.r lest " 'M mil.de 
in which WII,II included a culture of /!Mri.notjuwcefli (s train 77(;'\) from 
Sicil ia.n lemon (lable 2). Only p.otato-<laxtl"OllO Agar WII,II usOO, nnd 
four tubes of (ll!.oh strain were I'reparlltl. The constant tempera.turea 
employed and the In'erage dia.meter of the "rowth produood.in I month 
are gi,' en in lsble 2, nlld teIJresenta.ti" e cullures are shown In IJIllto I I , 
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A, B, find C. In this experiment the optimal tmnp(lrature range for 
E. fawcttt i W IIS 200 to 24. 50 C., the optimfll temperature probflbly 
bei~ near 2l o. These results are in general agreement with those 
pr(WlOus[y reported for this fungus ur;, 32, 39). Compared with each 
other, the two ~trll.ins of E. australis were in practieal IIgreement in 
their temperllture relntions, although, WI u~UI.I, culture 381B eo\'ered 
fI grenter lIr<"!fI of the slant. The maximum growth for each strain 
occurred a t 24.5° to 29°, the optimum probnbly being near 26°, lIS in 
the first experiment. Thero WfiS thus IL difference of approximatel~' 
5° C, betw(lon~ho opt.i~8 1 temp(lmtures for strains. of Elai.rlf)t!(l~tti 
and those of E. (lU8tnllu. At 32,5° the two fungt were readJiy sep
arahle by tile fad that. the former species produced slight growth and 
the latter fl"ood growth. 

In a tbmj experiment all the cultures available wert! grown for I 
month at 32.5°. The results obtained for the 14 strains of E.faweetti 
and for 22 of the 25 strains of E. awdra/is were iu hanllony with those 
obtained in the elq)eriment just described, that is, E.jawatti produced 
practicaJiy no growt·h and l!.'. awdra/is good growth. Of the three 
ot-Jler strains of E. australis at this tempers.ture, one produced no 
growth and flnother slight growth, while the Ulird gave a larger 
amount Qr growth than any of ·thc other cul tures a t Illis t-eJUperature 
and W!\.S difTer(lnt in appen.rance. 

T he results of these experiJUents ,loubtless have importa nt prsctical 
applications. }'or example, other conditions being favomble , it 
would seem that. Elsinoe australis might occur in dislIicts with 
temperatures too high for E. fawcdli at the time of frui t setting 
or at other times of the year. Moreover, if introduced into distric ts 
where E. fawedti occurs, this fungus might become establi~hed there, 
since it arso grows fl.t the lower temperatures favomble to E:,faweetli . 
It is therefore evident t hat the conclusions of H. S. Fawcet t (16) 
lind of Peltier and Frederich (92), based on the temperature rei ll tions 
of E. jawedti, ma y not btl applicable to E. a"l.Ultralis. 

INOCULATiONS 

Inoculation experiments on sweet orange, vuriety Abacaxi, with 
cul tures of Elsinoe a1/.8tralis showed clesrly tha t t1lis fu nb'llS is the 
cause of sweet orange fruit scab. These ellperiments were made in !\ 

small ellperimental grove fit Cantareira (near Sio Paulo). The 
disease WflB entirely flbscnt when the firs t inoculations were Inade, 
October 10, 1932, and since d Ie introduction of the fungus in this 
manner therc have been discovered only 8. few lesions on fru its not 
artificifllly inoculated. In addition to the inoculations on sweet 
orange with E. australill , ccrta in otheN were made in order to obtain 
the compll rative data sllown in table 3, 

T he metl,,)(l of inoculfltion, fldapte<:l from Winston (89, ' p. 9£) in 
his inoculat.ion experiments in Floridll with E'Uinoi jawedli, is as 
follows: ~fflccrated cultural inoculum spread on wet cotton squares is 
IIllplied to yO\ln~ fruits less thlln I cm in diameter or to young leavcs 
from 1 to 3 cm III lengtlI. This is covered with another thin IU)'er of 
cotton . Each cluster of fruits or leaves thus inocula ted is wrapped in 
wet flbsorhent l)fliler fi nd theu encased in a trinngular cellulOid 00:< 
(pI. 12, A ). f,' rom ellch cluster 8. few fruits corresponding to those 
inoculated flrC employed f\.S con trols. 
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Owing to conditiOIl' not oollllooUld with the experiment, hOllvy 
shedding of the fru ite ooourrod in ell.Ch of t he throe testll , greatly 
reducing the number of fruits on which infection reading!! oould be 
made. It will be nOled that El.rirl~ a!£8lralia gave infection on 
tangerine and laranja cravo as well 118 on sweet orange (pI. 12, JJ-E; 
pI. 13, A lind 11) and that all but 6 of the 33 inoculatiolls witb this 
fu ngus rsflve positiVI! results (table 3), No infection retlulted from 
i1lOCul&t'01l8 on 8\\'eet orange wilh E'. jawcdti or on sou r orange with 
E. IlltStrali«. Bolh fungi !Drected iaranjn cravo. Neither infected 
avocado, and Sphauloma p~r8Mt gll.V6 infootion only on avoolldo. In 
every ease the lesione produced were typical for the disease repre
sented. The controls all remained healthy. The single plant of .out 
orange that became diseased from inoculation with E. jalDUtti ehowed 
good infection (pI. \3} D). On the other plants of sour orange ab. 
!I(lnl:e of infection WIth tllis lungue Wll.ll of course due to eQm6 
unfavorable condition. 

TIIC lesion~ produced by EhiMi. alUlralu on fruits of laranjll cuvo 
were larger and more prominent than those produced by E. julf)Cttti. 
T hey were also darker, owing chiefly to the presence of t he black 
growth of the causlII fungujj on the lesions (pI. 13, B ). The fruits of 
latanja cravo inoculated wi th E. Qw/rali« wero gathered 2 month~ after 
inoculatioll, whereas those inoculated with E.jawutli were left on the 
tree for 2 months more. The latter fru it.!! showed more !!6vcre infec
t ion at the end of that time t han they had 2 months r,reviously , 
indicatin~ secondary infootion (0). E.'. avnralu, M 1"600 atcd from 
the 18.t1LI\Ja cravo frui t/! inoculated with th~ fungus, constitu tes the 
first of l!6\"eraJ reisolations of the organism. Some of thl'SO are from 
inoculations made with cultures from IlSCOIIpores." 

• UDpubllobod <1&1& 
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Sweet orange fruits inoculated wi th Fhirwt australis became 
infected ill llbout 10 days, and the lesions were limiwd in number. 
Such priwary lesions Oil imm110ture and on ripe fruits 110re shown in 

r,
!ate 12, E, a, and F. Priml!.ry lesions (al from which secondl!.ry 

esions (b) ha'·e e,·identi:y been formed are shown in a and E. Under 
grove conditions the pnmary infections ml!.y likewise he limited in 
number, l!.S hilS been observed in t he elise of very young fruits. There 
aTe often not more than four or five primary lesions, but they are 
unusul!.lly largc and prominent , l!.nd fructificl!.tions of the pl!.thogen 
lire present prl!.ctically from the first. After a month or so the number 
of scl!.bs on 11. given fruit ml!.y h l!.ve gre110tiy increl!.sOO, evidently as a 
result of secondary infection from these primary lesions. A clear 
distinction between large primary and small secondary lesions is 
·,pr,arent when conditions are unfavorable for infection Immediately 
fo! owing initial infootion; otherwise the primary sc110bs are still being 
produced when the first seeondl!.ry infectlolllI occur, and the resulting 
scabs are of l!.l! si7.es. Tn nature the production of secondary lesions 
assista in explaining the cxiswnce of heavy infection despite the 
supposedly luuited amount of inoculum at the beginning. This 
inoculum almost certainly comes from the following sources: (1) The 
comparatively smrul number of let'IYes showing infection; (2) out of
sellSon green sc1lobbod fruit/!; (3) ripe sc1lobbed fruits left on tiJe tree 
from the previous crop; and (4) twig infection. 

SUM MARY 

Tl ti~ pll.l)()r deal~ with the sweet orunge fruit S<;lI.b, 11.8 yet iJentified 
only lIS It 18 found in South America. 

'fhe fol!owing sweet orauge varieties are sllown to be >lfJoot.ed in 
SAo P11oulo: Bahia N1Iovol, Pl'ra, Sahara, Selecta, Siw Scl)1~stiito, Santos: 
l .. ima, and Mangaratib>l. The Abllcll:ti variety 11180 b!\8 been proved 
to be susceptible. T he disease IJlL~ l">Oen observocl in SAo P >lulo on 
other kinds of citrus, for eXllmple, the t110ngerine of BrllZil, tangerona, 
sweet lime known !\8lirna da Persia, a sour lime known as limAo seda, 
an unidentified citrus variety called larania cravo, and a point.ed-le1lof 
p11opeds. I n Argent.in11o the sweet orange v1loriet.ies, Ruby Blood, 
Sweet Mediterranean, Valencia, and Criolla, are known to be l!.ffscted. 

Sweet orange fruit sC1lob hIlS heen identified from Argentina, Pan
guay, Uruguay (apparently), and Brar,il. I n Brar,i] it lS found in the 
States of SAc: Puulo, Rio Grande do SuI, Minas GerellS, Rio de Janeiro, 
and ill the Districto Fodera!. The earliest meords of the rliseaae are 
(rom Paraguay in 1882, S&o Pl!.ulo in 1900 (appl!.rcntly), l!.nd Rio 
Grande de Sui in 1923. 

The disease is of economic importance particularly becauss it 
blemishes the fruit. Beginning with the e:tport-alion of oranges to 
Europe (awut 1929) ·Federal regulations were inaugUf110ted in Brar,i! 
to prevent the shillmellt of low-grade fruit. The fruit scab then 
became 110 matter of concern to citrus groI\'ers of SAo Paulo. In some 
groves (rom 50 to 60 perl'ent of the fruit WIIS found blemished by the 
diselL~e, some of it severely, aud in numerous ethcr groves lIS much as 
one--tltird of t.he crop W!\8 unfi t fo r export. 

The disease affects chieny the fmi ta, rarely the leM·es and twig;!. I t 
has the gllnerru lISped of sour orange scl!.b, although thero are approoi_ 
able differences in the character of the lesions. The symptolllll of the 
disctloSe are described. 
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Tn 1933 the cRllsal fun{!.\ls WlIS described 1\8 SphaulQrJUJ- jauler/li 
visc08a. In 1936 the perfect stage W4lS discovered lind hils boon 
described 1\8 Elsirwe australis lind the conidial stage designated 
Spkauloma aus/fali<!. Tho C()nidill.l stage is not Chafll.Cterized by the 
Cladosporiumlike development of E.{:awcetti Rnd S. PU8e(U. NlIrner
OilS pi!l'8istcnt ll.~r\'1t!i nnd sporoooo ,ifl Il.Te produced on the lesions. 
They flTe WaTm bulI to dove brown and {usoouB-blIlCk . 

P II.Ta.llol cultural comjlarioons !UI,VC sh own t}"l.t EliIiflO6 aU$/ralill 
mlly be distinguished ell tural.ly from E. jauxetti lind thl!.t the st rains 
of /::. australill may be divided ml.o t wo main groups. Saltations may 
he produced, 8.Ild these luwc been isolated lind cultured 8eIHl.rlltciy. 

Tn cultures groWll I\t different constant tempera tures, between 3.50 

Ilnd 39.5° C., both ElBinoe aU8lralu and E.ja1lX£1Ii. grew frolft 9.r.° to 
35°. The best growth of E. alL8tl'l)iu occurred at 24.5° to 29°, the 
optimum prohahly being near 26°; while the best growth of E.jauxefli 
OCllUrred at 20° to 24 . .';°, the O]ltimum llrobably being near 21°. 

In inoculation experiments El8ilWi australu from sweet orange gave 
positive results on sweet orange, tangerine, and laranja cravo. The 
organism was rllisolat-ed. E . jauxdti infected larnnja cravo and sour 
orange, but not the ~weet orange. Sp/w,cdoma ~rrwu, gave g-ood 
infection on avoCl!.do. Cro!!!> in()()ula.tions with thiS fungllS on CitruS 

gave negative results, as did cross inoculations 011 IWOCl!.do with 
E. jalVCtlti and E. aU8tralu. 
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