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SWEET ORANGE FRUIT SCAB CAUSED BY ELSINOHE
AUSTRALIS !

By Acesitav A. Brrancourt, subdirector de biologin vegetal, Instituto Biologico
de Sio Paulo (Brazil), and Axna E. JengINs, associale myeologist, Division of
Myecology and Disease Survey, Bureau.of Plant Indusiry, United States Depart-
ment of Agriculture ?

INTRODUCTION

A study of the sweet orange fruit scab, caused by Elsinoé australis
Bitancourt and Jenkins (5)° as yet identified only in South America,
1s reported in this paper. The sour orange scab,* caused by Elsinoé
fawcetti Bitancourt and Jenkins (4), and the Australian citrus seab,
caused by Sphaceloma fawcetti scabiosa (McAlp. and Tryon) Jenkins
(23), are almost never found (23, 40) on the sweet orange (Citrus
sinensis Osbeck), and when present do little or no damage.

Inasmuch as Sphaceloma perseae Jenkins (22), the causal fungus of
scab of avocado (Persea americana Mill.), is morphologically similar
to the conidial stage of Elsinoé faweetti, having at first been confused
with it, this organism was included in most of the comparisons of
E. australis with E. faweetti. The comparisons served to demonstrate
that . australis is also distinet from §. perseae, and they confirmed
the conclusion (22) that S. perseae and E. fawcetti are two different
species. Only a brief report of the comparisons with S. perseae is

given, _
Experiments on the control of sweet orange fruit scab have not

been included in the present study. Wright and Moreira (41), how-
ever, have shown by a series of spraying experiments that the disease
can be controlled by essentially the same methods as those employed
for sour orange sﬁa.lz.

! Reeeived for publication Apr. 27, 1934; izsped February, 1937, Cooperative investigation by the Burean
of Plant Industry, U. 8. Department of Agricalture, and the Institato inlnﬂp:l:m de Bdao Paulo. The anthors
in the boginning undertook these studiss independently, and each has made separate contribntions on the
general subject (£, 3, #).7 The cooperative study of t]m problem was n in 163, and from Oetober 1935
to June 1934 ai the invitation of the institute Biologico, the junior agthor worked at S50 Pauloe in direct
epoperation with the senior author. Since this paper was written the geﬂe:'t stage of the lungus herein
dizgenssed has been found. This discovery lad to u change of the title "Sweet Orange Froit Seab Caused
by Sphaceloma fnweetfi ciseoze’ | originally proposed to the present form. A related paper (JExEmS, A E.,
and BITANCOUERT, A, A., DOENCAS DAS PLAKTAS FOR FUNGOS D02 GENEROS ELSINGE E sPHACELOMA, Rodri-
guésia. In press.) gives a synopsis of all the known 8 es of Elsineé and Sphaceloma.

! The authors are indebted to J. M. Toledo, of the Instituto Biologico, for the eolor drawings shown in

1. 1,4 and B, and to J. Marion S8hull, of the U. 8. Department of Agricolture, for those in pl. 1, Oto L,
and in pl. & 'I[ha.-m lates were furnished by the Instituto Biologico. Many of the photographs were made
by members of the Instituto Biclogico, namely, J. G. Carneiro, A. Federman, B. U, Mazza, and the senior
anthor.

1 Reference is made by number (italic) to Literature Cited, p. 16. Lo .

1 Iy the United States the disease cansed by flsinof faweetdi 3 called eltrus seab, but in this discussion the
term “‘sour orange scab’’ is used as a matter of convenience to distingnish this disease from those caused
by K. australiz and 8. fowcetfi scabfore. The cholee of the name seems appropriate, since K, fowcdti was
first observed on the sour crange {Citrus aurantivm L), which it sttacks viralently.
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SPECIES AND VARIETIES OF CITRUS AFFECTED

In Sdo Paulo the sweet orange varieties thus far observed to be
affected by the sweet orange fruit scab are the following: Bahia
Navel,® Pera, Sabard, Selecta, Sio Sebastifio, Santos, Lima, and Man-

aratiba. Artificial inoculations show that the Abacaxi variety also
1s susceptible.

In Tucumin, Argentina, Miiller * has observed the disease on the
{g”“ﬁ'iﬂg varieties: Ruby Blood, Sweet Mediterranean, Valencia, and

riolla.

Other kinds of citrus known to be affected by the sweet orange
fruit scab in Sdo Paulo are the tangerine of Brazil (Citrus nobilis var.),
tangerona (Citrus nobilis > sinensis) a sweet lime known as lima da
Persia (C. aurantifolia Sw.), a sour lime known as limio seda (C.
aurantifolia), laranja eravo (Citrus sp., probably a variety of €. nobilis
Lour), and a pointed-leaf papeda (C. hystriz DC,). These last two ane
subject also to sour orange scab. In Argentina, according to G. L.
Fawecett (16), the fruit scab slightly affects sour orange and mandarin
(possibly the same as the variety called tangerine in Brazil).

THE DISEASE
HISTORICAL REVIEW AND GEOGRAFPHIC RANGE

Sweet, orange fruit scab, as the disease under discussion is desig-
nated in this paper, was previously referred to in related papers by
the authors as navel orange scab (21) and as scab or verrucosis of
sweet orange and tangerine (3). .

In South America sweet orange fruit scab is known to ocecur in
Argentina, Paraguay, Uruguay (apparently), and Brazil. The
present knowledge of the distribution of the disease is based on the
records detailed below rather than on a planned survey. Durin% the

ast several years scabbed sweet oranges (including the navel), from
Erazil and Argentina, have occasionally been intercepted at seaports
of the United States by inspectors of the Bureau of Entomology and
Plant Quarantine, United States Department of Agriculture.

The earliest record of sweet orange fruit scab is from Paraguay in
1882. This antedates by about 40 years the first records of sour
orange scab in South America. These records of sour orange scab
are from Argentina (14), Paraguay (36), and Brazil (29).

1 [n the present paper, as in a previous one (21, festnofe £), the varietal name Bahis Navel refers o the
variety of Citrus sinensiz that is the original souree of the Washington Navel orange in the United States.
As is also explained in the article just cited, **From plants of the Bahla variety that were introduced into the
United States, the late William Sannders, landscape gardener amd soperintendent of gardens and

ds of the United States Department of Agriculture, budded the 2 trees that were introduced Into
‘alifornia in 1873 and from which develo {15) what may be termed the ‘Washington Selection’ of this
varlety, now known as the Washington Navel."”  For the botanical elassification of the citrus hosts referced
to In the articla the authors have consulted Bwingle (37), who i3 at prezent engaged in reviging and amplifying
the treatise cited. . o

1 Latter of May 6, 1835, to H. 8. Faweett, Citros Experiment Station, University of California, Riverside,
Calif., from A, 5. Miiller, Escola Superior de Agricultura e Veterinaria de Minas Cieraes, Brazil, descriptive
of hiz trip to Argenting, February 1035,

EXPLANATORY LEGEKRD FOR PLATE 1

A, Ripe sweet orange afiected by the frult scab (x 1). B, Enlargement of lesions (% §). -G, potato-
dextrose agar, lel cultures of Elsino? ausiralis, K. faweetti, and S, pergeae; C, F. australis, convolute
type of growth (strain 3451 Dand E, E. fewesiti; D, convolute type (strain E{; Es;'éﬂ'lmmm type (strain 71):
; and 7, 8. perseae: ¥, convolute t {strain 21); @, pulvinate nﬁ:ﬁ {strain . H-L, Bame strains on
wort agar. (All X L) Cultores O-G, approximately 3 weeks ald; H-L, 4 weeks old.
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FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE.

Comp, Melhoramentas de S Paulo { Brazil)
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In ARGENTINA

G. L. Fawcett, in reporting (1920) the existence of sour orange scab
in Tucumén (14), stated that the sweet oranEe is very resistant,
although the fruits are sometimes affected. Later (15) he noted
that the scab of lemon and the scab of sweet orange, as he called the
two diseases, differ in regard to their host plants, as well as, appar-
ently, their causal organisms, although in general they are very
similar and are controlled by similar methods. More recently he
stated” that the sweet orange fruit scab was present in Tucuméin
before the sour orange scab was introduced and that he?® first observed
sweet orange scab there in 1915.

In February and March 1927 Kisliuk ® reported the finding of scab
and scale on oranges from Corrientes, Argentina, in the retail markets
of Buenos Aires. A specimen of scabbed fruit collected in February
1927 is in the mycological collections of the Bureau of Plant Industry,
and is typical of sweet orange fruit scab. Seabbed sweet orange fruits
from Bella Vista, Corrientes, 1934, were contributed by Ledén Grod-
sinsky, of the Ministerio de Agricultura, Buenos Aires. Marchio-
natto in 1934 (27) reported that in Argentina “‘citrus scab has been
observed extensively during the present vear on various citrus fruits
(oranges, mandarins, and grapex‘uit.) in citrus growing districts of
the coast.”” In part the disease referred to was probably sweet
orange fruit scab. In the letter by Miiller " already cited he stated
that he had spent the month of February traveling through widely
separated parts of Argentina (including Tucumén), and that what
impressed him most in citrus diseases was the abundance of sweet
orange fruit scab; wherever he saw orange trees these were affected
by scab, whereas the sour orange scab was comparatively rare.

In Paraguay anp Urvguay

In Paraguay and Uruguay, in 1920, Spegazzini (36), describing
symptoms, evidently those of sour orange scab, on leaves of lime
(Citrus aurantifolia), stated that growers there had informed him
that the disease also attacks shaddocks, sweet oranges, and lemons,
but that he had not had an opportunity to confirm these statements
at first hand. There is, of course, the probability that the disease
of sweetl ora was the sweet orange fruit scab. On several occa-
sions mention has been made (20, 21, 26) of the mycological specimen
showing what are now considered to b2 typical lesions of sweet orange
fruit scab, collected at Villa Rica, Paraguay, in 1882 by Balansa "
(B. Balansa Pl. du Paraguay no. 3543).

The scab of sweet orange which Girardi (I7) reported in 1922 as
having been present in Paraguay in a mild form for 30 years is pos-
sibly the sweet orange fruit scab. Girardi stated that the small iso-
lated or grouped lesions of the disease had been confused by some
with certain scale insects.

? Letter to H, 8. Fawcett, dated Dec. 30, 1931,

i Letter to F. 8. Fawcett, dated Nov. 17, 1033,

» Kispivg, M., JR. REPORT OF FRUIT FLY SURVEY—ARGENTINA. U, B, Dept, Agr., Bur. Ent. and Flant
Quarantine, ﬂ;} 4-5, 20, 1927. (Unpublished.)

1 Bea footnote 6. L

1 Ag recently noted by Vellard (32), Balansa, whose grandsons are living in the region of Villa Riea,
introduced inte Paragusy the distillation of petitgrain oil, which is obtained from sour orange (Clifrus
auraninm),
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In Uruguay, with respect apparently to sweet orange fruit scab,
Girardi reported further that the disease was alarmingly prevalent,
there being no orange groves entirely free from it. He added that if
the disease has not been given the importance it deserves it is because
growers have believed it to be due to adverse conditions of locality

or weather.
Ix Bmazin

In Brazil sweet orange fruit scab is known to occur in the States of
Sdo Paulo, where are grown about 60 percent of the Brazilian oranges
that are exported, Rio Grande do Sul, Minas Geraes, Rio de Janeiro

Fiouke 1.—Map of the Stete of 5o Paulo, Brazil, showing Incation of neighboring States. Shaded areas
indicate the orange-growing districts of 840 Paulo and names of places show localities where sweet orange
fruit scab is defimitely known to oecur, Heeent distribotion nol indicated oo the map ingludes the
following Incalities: Caraguatatubsa, Cravinhos, and Torrinhs (apparentiy).

and in the Districto Federal. Unverified reports indicate that it may
also be present in the States of Matto Grosso and Parand (fig. 1)."

In the light of present knowledge it is believed that Noack’s (31)
description of scab (Grind) on fruits and young twigs of various kinds
of oranges (an verschieden Orangensorten) in Sio Paulo (1900) may
have been sweet orange fruit scab. _

In Sdo Paulo sweet orange fruit scab came definitely to the atten-
tion of citrus growers about 1931, and since that time it has come to
be regarded as an important disease (2, 3, 9, 21, 41). At first 1t was
observed only in a few localities, but, by 1934, it had been found to
occur #bundantly in the most important commercial citrus-growing
districte (47). Carvalho (9) stated in 1932 that severely diseased
mumly assumad (23, from Bondar's (7) aceount of cltrus seab in Brazil, that in the State of
Bahin the sweet orange is affected by seab.  More recant inguicies, however, indicate that this interpreta-
tion mav not be correct, Sweet orange {riit scab had not been distingaished from soar orange scab when
Bondar's paper was writien, and in a personal conference with the suthors on Oet. 20, 1935, Bondar ex-
Eﬂad uncertainty as to whether the sweet ornnge fruit seab is found in Bahia. ©O. H, Leonardos, of the

Experimental de Citriculturs, Alagoinhas, Bahin, on Aug. 19, 1935, wrote that as vet the sweet
prance friit seab i3 not koown in Bahia.
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sweet oranges of various varieties had been received from Limeira,
Soroeaba, and Piracicaba. The first eritical studies of the disease
which demonstrated 1t to be separable from sour orange scab are those
of the present anthors. (See footnote 1.)

Authority for the occurrence of the diszase in Rio Grande do Sul is
based upon a herbarium specimen collected near Borges de Medeiros
Instituto, Porto Alegre, in March 1923, by E. Bruck. The specimen
(no. 1745, Secgdo de Phytopathologia do Instituto de Biologia Vegetal,
Rio de Janeiro) was l]:Lte.r identified by E. Rangel as Sphaceloma
faweetti Jenkins, as the sour orange scab fungus was designated in
1925 (19). A note on the label of the specimen states that the
characters observed are those of the pseudocanker of Costa Riea.
According to Smith (35, p. 62 and legends to figs. 45 and 46), the
?se.udonanker of Costa Rica is the same as sour orange seab. The
ollowing statement, translated from the Portuguese (34), is indieative
of the prevalence of the sweet orange fruit scab in 1936 in the vicinity
of Porto Alegre:

In our almost daily inspection of the packing houses of this region
we find that a great majority of the fruits unsuitable for exportation is
rejected owing to the presence of “spots’” caused by the fungus disease
known by the common name of verrucosis or scab. A large percentage
of the fruits rejected in these packing houses is made up of oranges
showing this disease.

The record of the occurrence of the disease in Minas Geraes is
hased on a few fruits of the Bahia Navel from Jacutinga, collected on
August 8, 1934 (28), and deposited in the mycological herbarium of
the Egcola Superior de Agricultura e Medicina Veterinaria de Minas
Geraes. A specimen from this collection was observed by the authors
in January 1936.

In the Districto Federal, at Campo Grande, the disease was re-
cently (1935) observed on the Pera and Selecta sweet oranges in two
or three orchards. It has since been found (1936) in numerous other
places not only in Campo Grande, but also in Nova Iguassi and Sio
Gongalo in the State of Rio de Janeiro. According to quarantine
officers there are now more than 60 groves in this general region
where the disease has been identified. In a grove at Inhoahyba,
Districto Federal, there iz an abundance of sweet orange fruit scab.
On a tree of the Selecta variety leaves as well as fruits were heavily

scabbed.

ECONOMIC IMPORTANCE

Sweet orange fruit scab apparently does not affect the general
health of the sweet orange. Severely diseased fruits often reach
normal size, but the rind 1s_greatly disfigzured. There is apparently
no loss in the flavor of the fruit. This partly explains why citrus
growers in Brazil paid little attention to seab while their oranges
were produced for local consumption or for exportation on a small
scale to Argentina and Uruguay. Upon the exportation of oranges
to Europe (beginning in about 1929), however, a series of Federal
regulations was Inaugurated in order to prevent the shipment of
low-grade fruit. The fruit scab then began to be a matter of serious
conecern to citrus growers in Sio Paulo. In some groves from 50 to
60 percent of the frunit was blemished by the disease, some of it
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severely, and in numerous otber groves as much as one-third of the
crop was unfit for export (41). Fortunately, however, as shown
experimentally, the disease can be controlled (41), and this has since
been demonstrated under commercial conditions by the results of
spraying in a number of orchards.

SYMPTOMATOLDOY
MorrrOLOGIC BymMrroMs

The symptoms of sweet orange fruit scab detailed below are more
or less sugplemanta,ry to those previously given by one of the authors
(2, 3). So far as observed in South America, sweet orange fruit
scab affects mostly the fruits, while sour orange scab attacks leaves
and young twigs as well. Lesions on leaves of sweet orange are so
rare that it has been the belief for some time that the leaves are
entirely free from the disease, and this opinion was expressed by G. L.
Fawcett (15) and by Honey (cited in 21). As a result of a very
thorough examination of a navel orange grove in Limeira, however,
during one of the most severa attacks of the disease yet noted, a num-
ber of mildly scabbed leaves were found in the inner part of the tree.
In general, {EEVBE of the outer part of the crown, and, in fact, more
than 90 percent of the leaves of severely diseased trees, do not show
lezions at all. Although from the standpoint of symptoms the leaves
may be considered as generally scab-free, leaf infection is not to
be disregarded, for doubtless even a few lesions may play an important
role as hold-over scabs.

0ON FRUITS

Lesions of sweet orange fruit scab on young fruits may cause an
appreciable deformation of the rind, which is usually protuberant
or swollen where the lesions appear. These deformations gradually
disappear as the fruit increases in diameter, and mature fruit has the
normal spherical shape. The surface, however, is sometimes slightly
deprﬂssej) at the points where lesions are large and coalescent (see
pl. 12, ). In general appearance the lesions (pl. 1, 4 and B; pl. 2,
A and B) are similar to those of sour orange scab. Upon careful
examination, however, it is possible to discern certain appreciable
differences to be explained presently. Individual lesions of the
sweet orange fruit scab consist of pustules of corky tissue, which are
round to irregular, raised, and usually sl'%htly convex (pl. 3, A4)
measuring from 2 to 6 mm in diameter. The larger lesions (pl. 3,
B-D) are more flattened and may be traversed by more or less deep
furrows which result from the rupture of the corky tissues. In some
cases a circular fissure (pl. 3, B) surrounds the central part of the
lesion and this part may be detached with comparative ease, leaving
in its place a slightly depressed scar covered with a silvery pellicle.
This same pellicle sometimes surrounds more extensive lesions or
covers the areas between them to a greater or less extent (pl. 4, A).
On severely infected fruits the lesions are frequently large and con-
fluent and cover extensive areas (2, fig. 44), rendering the fruit too
unsightly for export, as previously mentioned. In some cases the
sgmaller and more numerous lesions resulting from secondary infection
may be distinguished from the primary lesions, which they surround
on the same fruit (2, fig. 47).
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A nnd £, Lesions of swest orange frult scab on tangerine from g iorkel in Sio Paulo (¢ 13, © and 72,
Young avocsdo fruits of the Chastemalsn race from Limeira, 240 Paulo, sfecied by avocndo seab: O
Lindys variety: £, Winslow variely (3 10, £, Conidiophores of Sphaceloma perseas from avooulo Imf
(% 480, F, Conidiophores of B, feweclli Inoon a lemon Jeaf (3 480,



Sweet Orange Fruit Scab Cavsed by Ehinos australis PLATE 3

Eilargements of seab lesions of sweetl orange froit seab on (A, € and D) sweet orange and on (8 and £)
tangering (all 3 17); B, o and E, a, pustules of the enuzal fonpgus,



Sweet Orunge Fruiy Scab Cowsed by Elsinot australis

Lesions of sweet ornnge senb on (A1) sweet oronge, ood leslony of sour orangs seab on () lemon and (£
nnd I3 o ornge. A and B, % 7 Cond £, x 17,
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A nnd B, Lestons of sweel orange [ruit seab on leaves and twig (B, 2) of sweet orange. 3 1.
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The coloration of the lesions of sweet orange fruit scab is deter-
mined on the one hand by the color of the corky tissues and on the
other by the conidial pustules of the parasitic fungus. The corky
tissues are “light ochraceous buff” *® to “warm buff.” Sometimes
there is superimposed on these tissues a reddish tinge, ““deep vinaceous”
to “eugenia red’”, which is also noted in the rind surrounding the
lesions. The conidial pustules of the causal fungus of the disease,
often visible near the center of the lesion, are “warm buff” to “clove
brown”, and “fuscous-black.” In general the lesions, together with
the exposed growth of the pathogen, thus exhibit a variety of colors,
ranging from buff to black with sometimes a pinkish hue, which can
be distinguished without the aid of a hand lens. The dark-colored
lesions may resemble lesions of seab of apple (Malus sylvestris Mill.)
?a;med by Venturia inaequalis (Cke.) Aderh., as noted by Carvalho
9).

Comparing the lesions of sweet orange fruit scab on sweet orange
(pl. 4, A) and tangerine with those of sour orange scab on lemon {5}
or sour orange (' and IJ), it will be seen that the former, as a rule,
are more nearly circular, and, particularly on the tangerine (pl. 3, E),
more flattened and less wrinkled or rough. Fruit lesions of sour
orange scab often consist of irregular pustules, on the surfaces of
which appear small rounded elevations or wrinkled protuberances
(pl. 4, ¢' and D)) not found in sweet orange fruit scab. The corticose
tissues in the fruit lesions caused by sour orange scab also seem to
be more spongy and less compact than in those caused by sweet
orange fruit seab. It was evidently sour orange scab lesions of the
type shown in I), although much more pronounced, that Spegazzini
(36) described as “nodules having a granular surface almost like a
cauliflower,”

Reference to lesions of both sweet orange fruit scab and sour orange
scab on a common host, i. e., fruits of laranja cravo, is made in the
section entitled “Inoculations.”

In plate 2, ' and D), is shown an example of avocado scab, which,
as already indicated, is similar to sour orange scab but distinet from
both this disease and sweet orange fruit scab.

Symptomatological characters of the scab disease of the remote
citrus relative Hesperethusa erenulata (Roxb.) Roemer have a certain
similarity to those of sweet orange fruit seab (24).

ON LEAVES AND TWIGS

On the leaves of sweet orange the lesions are mostly found only on
the lower surface, chiefly on the midrib (pl. 5, A and B). They
seldom form protuberant outgrowths as on the fruits, although in
very young leaves they sometimes form funnellike pockets (A)
similar to those produced in sour orange scab. The leaf lesions are
smooth, and frequently have a somewhat glossy surface. Their color
agrees with that of the fruit lesions, except that they may be bordered
by a narrow brown line. The lesions, with the exception of those along
the midrib, seldom attain 2 mm in diameter. On pointed-leaf papeda
and Selecta orange the leaf lesions may be distributed on both leaf
surfaces, as is the case with sour orange scab. In general, as thus far
observed, the leaf lesions of sweet orange fruit scab are smaller and less
elevated than those of sour orange scab.

13 Tha color readings given in guotations are based on Ridgway's Color Standards (83).
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On the twigs (pl. 5, B, a) the lesions of sweet orange fruit scab are
also comparatively rare and inconspicuous, resembling those on the
midrib of the leaves.

BIGNE

On fruits, on the surface of the lesions as well as within the fissures,
there may be seen with the aid of a powerful lens small bufl to black
projections or pustules .—}% 3, B, a), the largest of which are about
0.1 mm in diameter. ey are sometimes concentrically arranged
and more or less continuous (E, a), or they may be aggregated at the
center of the lesion (B, a) or more or less effuse over the entire central
part of the scab (C). The projections are the conidial pustules or
acervuli and sporodochia of the causal fungus of the fruit scab, re-
ferred to on page 7. Signs on leaves are generally inconspicuous,
although on pointed-leaf papeda they may be prominent.

The eoncentric arrangement of fructifications in the case of sour
orange scab (20, fig. 2, ) is less evident than in sweet orange fruit scab,
The outstanding sign of sour orange scab is of course the Cladosporium-
like development of the fungus on the surface of fairly yo lesions
and this type of growth has not been observed for the causal fungus of
sweet orange fruit scab.

Historoalc StMmproms

The hyperplastic nature of the lesions of sweet orange fruit scab
(pl. 6, A) is generally similar to that of sour orange scab as described
by Cunningham (11) and as later discussed by Butler (8, p. 181).

THE CAUSAL FUNGUS
NAME, HISTORY, AND CLASSIFICATION

The fungus causing sweet orange fruit scab is the myriangiaceous
ascomycete Flsinoé australis Bitancourt and Jenkins (5), originally
deacriliﬂ (1933) as Sphaceloma ffaumﬂi viscosa Jenkins (21). The
earliest available record of the fungus is the previously mentioned
specimen on rind of sweet orange collected in Paraguay in 1882, The
general appearance of this specimen, together with the original label,
18 shown elsewhere (26, fig. 1, A and B);in plate 6, [, are shown acer-
vuli from this material. The perfect sl;a.% of the fungus was discov-
ered in July 1936, on scab lesions on a ripe Bahia Navel orange (5). In
describing this stage as a distinct species it was suggested that the im-

rfect stage be called Sphaceloma australis Bitancourt and Jenkins.
}l)z its perfect stage the fungus differs from Elsinoé fawcetti in the ap-
parent absence of an epithecium and in having well-developed globose
ascomata and longer ascospores. The conidial stage is not character-
ized by the Cladosporiumlike development of F. faweetti and is more

pergistent.
MORPHOLOGY

The conidial fructifications of Elsinoé australis consist of acervuli
and sporodochia (pl. 6, D-H) arising from intraepidermal or sub-
epidermal hyphae. Conidia other than the bodies interpreted as
microconidia have been uncommon and usually entirely absent on
these fructifications as collected in the field and examined in the
laboratory. The bodies interpreted as microconidia are usually 'H;es-
ont on the surface of the acervuli and sporodochia (pl. 6, B, a). ey
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A, Bection of seab lesion on sweet oranpe leal; pustules of causal fungus, Bisinog australis, visible at m@
® 150, B, Enlargement of -1, a, showing ruptused epidermis and masses of microconidia (g). % 800,
Ch Ascomng o, dseptate aseospore in ascas; §, conidial loyer. 0 500 _”Em_ﬁn_nncnn from i4)). D=Ff,
Conidial froetifications of the funguz on rind of (D-K) tangerine and (F-IT) sweat otange. O, @, ouler
witll of ruplored epidermis, D-F, 3 680, &, 2 8%0; Ff, seetion of specimen from Parngoay, collected hw
Balansa in 1832, ¢ 200,
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A and B, Conidia of Fsinee axstralis {4) and of & fawecetti (B) from eulture, ¢ 3800 -7, K. austrafis:
'y germinated conidium on malt agnr (3 2060; I, greally swollen germinated confdln on 1mlut.|}dr_:r.ruan
ngnr, the lnrger cells Alled with mieroconldia (3 280); K, enlargement of D, showlog conidis (o) escaping
from ruptured cells and younger hyphol growth (& contuining microconidia (% 700); F, pyenidinlike
development [n onltore (3 5); G, sectlon of thess stroetures (3 150,
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are hyaline, often refractive, and bacteriumlike in appearance and
they stain readily with cotton blue.

n culture the fprevinu:aiy reported (21) ovoid to oblong-elliptical
hyaline conidia of Elsinoé australis may be present on the surface of
fairly old growth. Those here illustrated, both of E. australis (pl. 7,
A) and of E. fawcetti (B), were produced from small masses of potato-
dextrose agar cultures transplanted to a film of malt agar on a glass
slide, the culture having been held for 24 hours in a Petri dish lined
with wet filter paper. Numerous germinated conidia or young thalli
(" were present in the culture 0%- E. australis when it was several
days old. In similar potato-dextrose agar cultures, as previously
noted (21, footnote 11), the cells of greatly swollen germinated conidia
(D) were filled with microconidia measuring 1y to 3u by 0.54 (E, a
and b). In one instance black pycnidialike masses were produced
by the f grown on potato-dextrose agar slants (pl. 7, F and &).

The perfect stage of tl:le fungus (pl. ﬁ,&%') is described (5) as follows:

Ascomata globose, sometimes flattened or i , oecasionally confluent,
40— 120 p in diam., buff, embedded in the tissues of the perfect stage, erumpent,
consisting of & hyaline or slightly yellowish udoparenchyma devoid of a well
defined epithecium; asei often distributed in the upper part of the ascoma, globose
to obelavate, inner wall thickened apically, 15— 27 13—21 y; ascospores hyaline
variable, straight or more or less curved, 2—4 celled, often markedly constrieted
not only at median septum, but also at the other two [septa], sometimes with a

longitudinal septum in the upper middle cell, which is frequently slightly larger
than the other cells, 12— 2004 —8 p.

IS0OLATIONS AND CULTURAL COMPARISONS

As previously reported (21}, to assist in the identification of Elsinoé
australis as found on the Balia Navel orange, two different isolations
were first made, one from the specimen from Sorocaba (strain 345)
and one from the specimen from Limeira (strain 356). The two
strains were similar in appearance but were separable from the other
strains of F. fawcet!i then at hand. They were also culturally dis-
tinet from S. fawcetti scabiosa, then not distinguished from the species.
The cultures of E. australis were particularly distinetive in that they
were copiously covered with a clear viscous substance (21, fig. I,
C and D).

The cultural growth of Elsinoé australis was of the convolute type,
and was therefore directly comparable to the convolute growth types
of E. faweetti and S. perseae rather than to their pulvinate growth
types."* This is brought out in plate 1, €' to @ and H to L, which

so shows F. australis to be culturally distinet from E. fawcetti and
S. perseae on both potato-dextrose and wort-agar media. _

To obtain further data on the identity of the organism associated
with sweet orange fruit scab, additional isolations of this variety and of
Ii. fawcetti and S. perseae were made from leaves and fruits of their
respective suscepts (table 1), and then additional parallel cultural
comparisons were made. _ .

Various methods were employed in making the isolations, but for the
most part they were made from scrapings of lesions, These were
placed in a Petri dish, and the contents of a culture tube containing
potato-dextrose or glycerin agar was poured over them. For some of
the isolations of Elsinoé australis (for example, culture 702A) sections
of conidial fructifications similar to those shown in plate 6, ) to F,

14 The so-called convoluta vinate types of growth as produced by 8. faweelti and S, perseae have
been described in related papers (80, 22, 25).
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were transplanted to the edge of agar slants. The development of
the fungus could be observed from the first under a comparatively
high magnification. For another isolation a water suspension of
conidia was made on a glass slide, allowed to dry, and then a single
conidium was transferred to the edge of the slant with a micm-neecﬁe.

Tanue 1. —Isolations of Elsinog ausiralis and E. fawcetti employed in a parallel
cultural comparison on potalo-dextrose agar (pl. 9, A-D)

Bouree of material from which isolations were made
Arranga- ==
it | Stratnnos | Organism H U
A-D s Country
COITITNOT TAITE
Bolentifio name or variety
A and B:
8......| 384, E_ australiz__ Cltrus sinensis Bahin Navel Brazil,
b..... - IR MRy " T I B T Do,
£ MB, ...} . do. . ot o i e e e [ Dhar,
vieens) | T T b Bty B o el st Arymtioe.
[ b | S R I A | RS——— . N T .
Fi ﬂ,{ ...... --...ﬁ-_-.---. f 'E’.‘"dﬂ'ﬁ'iﬁf&i’" T Rl " e BijiL
...... i = e O i i . sl o8, ......| Tangerioe. .. .
f‘MEd'I' TOA. ....of-uee do. o Cooinennly. .. .. Bweet orange_. . Do.
] | 5
" TP Beoonnnno| E. faweetti . . | U Himomla................| Rough lemon. . .| United States,
b......|] 3W8........ s e e S R I | S Union of Bouth
Alriea,
I B I [ I T TN IR TR (RN | TR B - |11
eeinea| BBA . o v {1 P O, aurantum....... .. .| Sour orange. ... Do,
R R S i | | T ) T T Calamondin. ___ | Japan,
(a5 ¥ . do___ ... C.orandis...............| Om; t._....| Brazil
: ..... A do__________| C. lmonka.........c.....| Bl lemon__ o,
i) TR sl SR 1 TR - | - [T T Do,
' O TABA . ... ER. " CHrusgp. ... _........ lime. .. D,
J..-.. BBA. ... et | O amrantifolia. . ... ... | Tahiti lime_____ D,
| S 1215--.-.-;..---{111,.._.,... C. mobifis. . ........ ... . | Lara;is cravo... Dia,

1 Btraln numbers followed by s mapital letter are those of the Beccio de Phytopathologis do Instituto
Blologico de 880 Paulo, and represent isolatlons made by the senior author; those not followed by a letter
represent other isolations, in the collection of the junior author,

The cultural comparisons shown in plate 8 were made in 1933, when
there were available three new isolations of the .Egﬂacsbma from citrus
seab from South America. Two were of inoé australis from
common sweet orange (strains 375 and 379) and one of E. faweetti
(21, footnote 11). These strains (grown on tubes of the size shown in

late 9, A-D)) are here compared with one of the ﬂ"iﬁﬂ straing of
%. australis, and with E. fowcetti and S. fawcetti scabiosa. On the
three different substrates, malt agar (pl. 8, A-I), potato-dextrose
agar (J-R), and wort agar (S-Za), the new strains from sweet orange
formed a group with tﬁe original strain of . australis, although all
three mu]ﬁa distinguished from one another. Strain 379 on potato-
dextrose agar (K) was more or less intermediate between E. australis
and F. fawcetti. In another comparison of the three strains on potato-
dextrose agar they were again separable when grown at room tem-
perature, but similar when grown in a relriiemtur (pl. 11, D-I).

A parallel cultural comparison, made on March 20, 1934, included
representative isolations of all the strains of Elsinoé australis (pl. 9,

EXPLANATORY LEGEND FOR PLATE 8

A=, Month-old cultures on malt-agar test-tube slants, of stralns 375 (4), 379 (H), and Mé{.‘} of
Elxino# oustralis and of strain 378 (D) of E. foweett from 840 Paulo as compared with strains 8 (E) and
71 (F) of F. faweetti from Florida, gtrain 200 () of eeloma fawcetti seabiosa from Australia, n 26
(H) of K. foweetti from Japan, and strain 275 (1) of the acelomn on citrus from the Union of Soath Afrion,
J=R, Bamo etrains on potato-dextrose agar. S—Za, Bumae strains on wort agar. (Al X L)
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A and B) and of E. fawcelti (C'and D) then available (table 1). Several
strains of 8. perseae were added to the comparison, but they were
readily distinguishable as not of the E. faweetti group and are not
reported upon further. The pulvinate strain (345a) of E. australis
(pl. 9, 4, a, and B, a) was isolated from strain 345 (A, b and B, b).
A pulvinate strain (828A) of E. fawcetti is shown in plate 9, C, d, and
D, d. 'The other strains included in the comparison were of the con-
volute type of growth. The cultures of E. faweetti were remarkably
uniform in appearance (pl. 9, C, a—¢, e~k and D, a-¢, e-k). They were
a bright clear color and gener&liy “vinaceous’’ to “pinkish vinaceous."”
In corresponding cultures of E. australis the light-colored regions were
generally “cinnamon buff”’, “cinnamon”, or “clay color.” reglt-min 375
(A, e, and B, ¢) was, as usual, nearly all black; strain 379 (A, f, and
B, f) was “pinkish vinaceous.”

SALTATIONS

The comparisons just described showed that the strains of Elsinoé
australiz could be divided into two main groups: Group 1, represented
by the first two isolations, strains 345 and 356, and by 381B (pl. 9,
A, b—d); and group 2, represented by strains 375, 379, 933A, and 702A
(A, e-h). The existence of these groups was further emphasized by a
number of new parallel series with additional new isolations of
K. australis. These series have also shown that the fungus is so
extremely variable that within the two groups many of the isolates
may be distinguished from each other. Furthermore, it was soon
recognized that within a single isolate there occur variations of the
type known as saltations. These are conspicuous in large thalli,
and Kolle flasks are convenient for the cultural work with them.

Examples of groups 1 and 2 and of saltations produced from each are
here given as representative of variations of Klsinoé australis observed
on potato-dextrose agar in Kolle flasks.

Strain 381B, representing group 1, 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, “cinnamon
buff” to “clay color.” There are sometimes embedded in the mucous
covering a number of globose bodies (pl. 10, A, a) of a darker color than
the thallus, “sayal brown” to ‘“‘mikado brown.” These are inter-
preted as secondary thalli probably produced from conidia or detached
cells of the primary thallus. In corresponding slant cultures held in
an upright position the inoculum for secondary colonies would be
carried with the slime to the previously sterile agar surface and there
would develop into characteristic thalli. Such secondary growth,
produced by strain 375, of group 2, on old cultures of wort and potato-
dextrose agar is shown in plate 9, F and F), respectively, and also by
Elsinoé faweetti on potato-dextrose agar in plate 9, G.

A saltation isolated from a sector of 381B 1s characterized by absence
of viscosity (pl. 10, B and (). It is slightly convolute in the central
part, and the marginal region is applanate with well-marked con-
centric zones. The surface 1s covered with a short white down. The
general color is the same as in normal sectors or slightly darker
(“light drab’’) along the radial and concentric zones.

Strain 702A, representing group 2, is convolute and coal black.
There are no traces of mucus, and tufts of white down are present on
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the surface (pl. 10, D, a). From this culture has arisen a fan-shaped
sector (D), b) of the pulvinate type of growth. It is cnncentrica.ll;,'
zonate and uniformly covered witE a short red down, “Hay’s russet”
to “‘dragon’s-blood red.” A bright-red color, “carmine’” and “ox-
blood red”, is imparted to the medium. A similar, but less pro-
nounced, coloration is produced by the saltation described for group 1.

A further description of variations of this species is published else-
where (6). More or less similar variations may be cited for other
organisms, as, for example, those reported by Conant (10), Davis
(12), Hansen (18), and Muskatblit (30).

In the case of Elsinoé veneta (Speg.) Jenkins the decided difference
noted between strains isolated by Anderson and Kadow (1) and a
strain isolated by L. K. Jones '* 13 explainable on the basis of what
has been referred to here as the convolute and pulvinate types of
growth. The strain isolated by Jones was pulvinate in character
when first studied by Jenkins (25, pl. 1) and it has so remained.
Anderson and Kadow (1) stated that this strain produced no conidia
on corn-meal agar, while the other strains isolated by them produced
conidia in abundance. This culture produced some conidia when
studied 1 1924-25 by Jenkins, but abundant conidial formation was
not obtained.

TEMPERATURE RELATIONS IN CULTURE

To obtain data on the temperature relations of Elsinoé australis,
cultures 3818 and 702A, representing groups 1 and 2, respectively,
were grown on potato-dextrose, glycerin, and rice agar slants, The
cultures were held for 1 month at the following temperatures: 5.5°,
12°, 17.5°, 22°, 26.5°, 31°, 35°, and 39.5° C. The reaction to tem-
perature was the same in all three media. There was no growth at
5.5° and 39.5°, some growth at 12° and 35°, and good growth at 31°.
The best growth occurred at 26.5°.

TasLE 2.— Average diameter of potato-dexirose agar slant cultures of Elsinoé australis
and E, faweetli held for 1 month at !ﬁ?;rmu constant temperatures

Diameter nt indicated temperature
Birain i =

Organism no, '
3SC. |05 C. | 150, |20, | M5°C.) B°0C, |3L5°C.| T C.

Mm Mm | Mm Mm | Mm Am Mm A'm

E. ousralis______. . . ... TOIA 1] 5 B 9 ] 4 L 1]
E ougraliy. ... _........| 3818 L -] 8 i3 is 17 il i
AL R — A il 6 1 14 13 7 H 1l

1 Approximate diwmeter of original planting.

Following this preliminary experiment, a similar test was made
in which was included a culture of Flsinoé faweetti (strain 776A) from
Sicilian lemon (table 2). Only potato-dextrose agar was used, and
four tubes of each strain were prepared. The constant temperatures
employed and the average diameter of the growth produced in 1 month
are given in table 2, and representative cultures are shown in plate 11,

i} Thiz strain was ohtained by Anderson and Kadow from the Department of Plant Pathol nl Cornell
University (). It s a single ascospore [solation from Cumberland black m made by Jones in 1522,
and bears the namber 340 of the Department of Plant Pathology, University of Wisconsin, A suboulture
was obtained by Jenkins and in 1937 a transfer [rom this waa damfted in the culture collection of the Depart-
ment of Plant Pathology at Cornell University.
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A

0ld en¥iures of Elxinef australis grown in Kolle flasks. X 1, A, Typical growth of strain 38113; spherieal
granules or secondary thalll shown ot 2. B, Saltant from 3811 ¢, lower side of same culture. D, a,
Typical dark growth of strain 7R2A, tozether with o saltation, & K, reverse of cullure.
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1V I

A and B, Potato-flextirose ngar slant cultures of Elsirof auafralie held for | month at indicated l.nml.mrutl.:rﬂﬂ

(®* C.). A, Etrain 702A, roprosonting dark-colored growth of group 2, B, stroin 3818, representing light-
colored growth of group L. C, E. fmweeett], strain 776A. D, K, and F, stralns 345, 375, and 379 of K. susiraliy
grown al room lemperature; 7, I, and I, same sitaing grown ol o cooler lemperature. Al > 1.



Sweet Orange Fruit Scab Cowsed by Eliinos austraks PLATE 12

A, Triangulsr eelluloid box cmployed in inocolaticg cilrus froits (% 180, B-F, Infeciion of sweel orange
fruits of e vireety Ao insculaled with Flsinos austratis; 12, photogrngihed 3 mont b afier inoculation
(L) 7, Doaml E, same fruaits 1 year after inoeukstion (3 1); F, enlarged primary kesions (% 5).
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A, B, and (. In this experiment the optimal temperature range for
E. fawecetti was 20° to 24.5° C., the optimal temperature probably
being near 21°. These results are in general agreement with those
previously reported for this fungus (16, 32, 39). Compared with each
other, the two strains of E. australis were in practical agreement in
their temperature relations, although, as usual, culture 381B covered
a greater area of the slant. The maximum growth for each strain
occurred at 24.5° to 29°, the optimum probably being near 26°, as in
the first experiment. There was thus a difference of approximatelv
5° C. between the optimal temperatures for strains of Elsinoé faweetti
and those of I. australis. At 32.5° the two fungi were readily sep-
arable by the fact that the former species produced slight growth and
the latter good growth.

In a third experiment all the cultures available were grown for 1
month at 32.5°. The results obtained for the 14 strains of E. faweetts
and for 22 of the 25 strains of E. australis were in harmony with those
obtained in the experiment just described, that is, £, fawcetti produced
practically no growth and E. australis good growth. Of the three
other strains 0% E. australis at this temperature, one produced no
growth and another slight growth, while the third gave a larger
amount of growth than any of the other cultures at this temperature
and was different in appearance.

The results of these experiments doubtless have important practical
applications. For example, other conditions being favorable, it
would seem that Elsinoé australis might oeccur in districts with
temperatures toco high for K. fawecefti at the time of fruit setting
or at other times of the year. Moreover, if introduced into districts
where E. fawcetti occurs, this fungus might become established there,
since it also grows at the lower temperatures favorable to F. fawcetti.
It is therefore evident that the conclusions of H. S. Fawcett (16)
and of Peltier and Frederich (32), based on the temperature relations
of . fawcetti, may not be applicable to E. australis.

INOCULATIONS

Inoculation experiments on sweet orange, variety Abacaxi, with
cultures of Elsinoé australis showed clearly that this fungus is the
cause of sweet orange fruit scab. These experiments were made in &
small experimental grove at Cantareira (near Sdo Paulo). The
disease was entirely absent when the first inoculations were made,
October 10, 1932, and since the introduction of the fungus in this
manner there have been discovered only a few lesions on fruits not
artificially inoculated. In addition to the inoculations on sweet
orange with E. australis, certain others were made in order to obtain
the comparative data shown in table 3.

The method of inoculation, adapted from Winston (39, -p. 32) in
his inoculation experiments in Florida with Elsinoé faweetli, is as
follows: Macerated cultural inoculum spread on wet cotton squares is
applied to young fruits less than 1 em in diameter or to young leaves
from 1 to 3 em in length. This is covered with another thin layer of
cotton. Kach cluster of fruits or leaves thus inoculated is wrapped in
wet absorbent paper and then encased in a triangular celluloid box
(pl. 12, A). From each cluster a few fruits corresponding to those
inoculated are employed as controls.
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TapLe 3.—Results of inoculating young fruils of sweet orange, langerine, and
laranja crave and young leaves of sour orange and avocado with cultures of Elsinoé
australis, E. fawcetli, and Sphaceloma perseae

Inooulam Frults or plants inoeulated
Test _ Positlve
o, ) - Infoe-
Source and strain no.: Organism Namea Number | tions

(Gweet orangs (702A and S224) E. ausiralis Bweet {fruits) 10 it
; e B orange s &
Different kinds of of but not | E. fawcetti.......0. . 0, eeeeereeennnn- 12 0

sweel orange or ¥
Avocado (830A)..........________ | S peraeac._, .. B I | [ o
1_____|]|Bweet orange (T02A and 822A).___ | E. australis_ ... Tangerine (froits)_.__. H 8
E'B;i ﬁl.:_: tungerine (T02A,| E. eustralis____. | Sour orsnge (leaves) 1. 1] 0

T "

Different kinds of oftros, but not | E. foweettd. . | oo ... 1 1

aweal nrg;:‘fe or tangerine.
\Avoeado (B30A) . ... ... | S.perseae. . ...le a0 2 ]
Hweet orange frulls (B32A).... E, qustralis. ... Bweel orange (froits). [ 1
Bour orange lenf (18B). .. ____ | E. foweetfi. .. . _|..._. 1 T
Avocado (B3OA) . ..o oo .. | 5. peraéas__. .. e e e e [ i
Bweet orange frults (822A)....... | E. oustralis.. ... | Lamnjs crave (froits). fi ig
2.....H{ Bour orange leal (128B). ..........| E. fawcelti ... ..|....c80uceee.ecnn.... ) B
Avoeado T 3 RN, O . IR A ] 0
Bwest arange froil (R22A)...... . E. ausiralis Avomado (Jeaves) 1. ____ 0 (1]
Sour leaf (128B)........... E. foweetti, ety = 0 0
Avotado T\ M e i o 40 b
L. . Eweel orange leal (3S1B).... ... _. E. auxivalis._ ... Bwesl orange (froits)_ . i 4

| Sea table 1.
: to 5 leaves inoculated on ench plant ueed.

3
All fruita dro gerl
4 An isolation r rain BB} was made from this set of Inoeculations,

Owing to conditions not connected with the experiment, heavy
ghedding of the fruits occurred in each of the three tests, greatly
reducing the number of fruits on which infection readings could be
made. It will be noted that FKlsinoé australis gave infection on
tangerine and laranja cravo as well as on sweet orange (pl. 12, B-E;

l. 13, A and B) and that all but 6 of the 33 inoculations with this
Fungua gave positive results (table 3). No infection resulted from
inoculations on sweet orange with K. fawcetti or on sour orange with
E. australis. Both fungi infected laranja cravo. Neither infected
avocado, and Sphaceloma perseae gave infection only on avocado. In
every case the lesions Fmducsd were typical for the disease repre-
sented. The controls all remained healthy. The single plant of sour
orange that became diseased from inoculation with E. faweetti showed
good infection (pl. 13, I7). On the other plants of sour orange ab-
sence of infection with this fungus was of course due to some
unfavorable condition.

The lesions produced by Elsinoé australis on fruits of laranja cravo
were larger and more prominent than those produced by E. fawcetti.
They were also darker, owing chiefly to the presence of the black

rowth of the causal fungus on the lesions (pl. 13, B). The fruits of
Fara.n'a eravo inoculated with E. australis were gathered 2 months after
inoculation, whereas those inoculated with E. fawcetti were left on the
tree for 2 months more. The latter fruits showed more severe infeec-
tion at the end of that time than they had 2 months i)reviuusly,
indicating secondary infection (C). FE. australis, as reisolated from
the laranja cravo fruits inoculated with this fungus, constitutes the
first of several reisolations of the organism. Some of these are from
inoculations made with cultures from ascospores.'

s Unpublished datn
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A oand B, Infection of fruits of (A) tangoeloe and (8) laranjo eruve, both inooulated with the same stoain of
Firinof muestraliz, A, photographed 8 months, and B, approximately 2 months after inoculntion. Both
2, Cand D, Infeetion of fruit of lnmnja erave and leal of sour orange, both inoculated with K. feweelli;

!, plistosraphed approximately 4 moplhs, and D, approximately 3 months after inoculation. C, 3 13

D, % 1
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Sweet orange fruits inoculated with FElsinoé australis became
infected in about 10 days, and the lesions were limited in number.
Such primary lesions on immature and on ripe fruits are shown in

'late 12, B, a, and F. Primary lesions (a) from which secondary
ﬁasiuns (6) have evidently been formed are shown in ¢'and . Under
erove conditions the primary infections may likewise be limited in
number, as has been observed in the case of very young fruits. There
are often not more than four or five primary lesions, but they are
unusually large and prominent, and fructifications of the pathogen
are present practically from the first. After a month or so the num%)ar
of scabs on a given fruit may have greatly increased, evidently as a
result of secondary infection from these primary lesions. A clear
distinction between large primary and small secondary lesions is
‘apparent when conditions are unfavorable for infection 1mmediately
following initial infection; otherwise the primary scabs are still being
pruduceg when the first secondary infections oceur, and the resulting
scabs are of all sizes. In nature the production of secondary lesions
assists in explaining the existence of heavy infection despite the
supposedly lhmited amount of ineculum at the beginning. This
inoculum almost certainly comes from the following sources: (1) The
comparatively small number of leaves showing infection; (2) out of-
season green scabbed fruits; (3) ripe scabbed fruits left on the tree
from the previous crop; and (4) twig infection.

SUMMARY

This paper deals with the sweet orange fruit scab, as yot identified
only as 1t 18 found in South America.

The following sweet orange varieties are shown to be affected in
Sdo Paulo: Bahia Navel, Pera, Sabari, Selecta, Sio Sebastifo, Santos,
Lima, and Mangaratiba. The Abacaxi variety also has been proved
to be susceptible. The disease has been observed in Sio Paulo on
other kinds of eitrus, for example, the tangerine of Brazil, tangerona,
sweet lime known as lima da Persia, a sour lime known as liméo seda,
an unidentified citrus variety called laranja cravo, and a pointed-leaf
papeda. In Argentina the sweet orange varieties, Ruby Blood,
Sweet Mediterranean, Valencia, and Criolla, are known to be affected.

Sweet orange fruit scab has been identified from Argentina, Para-

ay, Uruguay (apparently), and Brazil. In Brazil it is found in the

tates of Sac Paulo, Rio Grande do Sul, Minas Gereas, Rio de Janeiro,
and in the Districto Federal. The earliest records of the disease are
from Paraguay in 1882, Sdio Paulo in 1900 (apparently), and Rio
Grande de Sul in 1923,

The disease is of economic importance particularly because it
blemishes the fruit. Beginning with the exportation of oranges to
Europe (about 1929) Federal regulations were inaugurated in Brazil
to prevent the shipment of low-grade fruit. The fruit scab then
hecame a matter of concern to citrus growers of Sdo Paulo. In some
groves from 50 to 60 percent of the fruit was found blemished by the
disease, some of it severely, and In numerous other groves as much as
one-third of the crop was unfit for export.

The disease affects chiefly the fruits, rarely the leaves and twigs. It
has the general aspect of sour orange scab, although there are appreci-
able differences in the character of the lesions. 'ﬁ.\ﬁ symptoms of the
disease are described.
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In 1933 the causal fungus was described as Sphaceloma fawcetti
viscosa. In 1936 the perfect stage was discovered and has been
deseribed as FElsinoé australis and the conidial stage designated
Sphaceloma australis. The conidial stage is not characterized by the
Cladosporiumlike development of K. faweetti and S. perseae. Numer-
ous persistent acervuli and sporodochia are produced on the lesions.
They are warm buff to clove brown and fuscous-black.

Parallel cultural comparisons have shown that Flsineé australis
may be distinguished culturally from E. fawcetfi and that the strains
of K. australis may be divided into two main groups. Saltations may
be produced, and these have been isolated and cultured separately.

In cultures grown at different constant temperatures, between 3.5°
and 39.5° C., both Elsinoé australis and E. fawcetti grew from 9.5° to
35°. The best wth of E. australis occurred at 24.5° to 29°, the
optimum pmhahﬁrohcing near 26°; while the best growth of E. fawcetti
occurred at 20° to 24.5°, the optimum probably being near 21°.

In inoculation experiments Elsinoé australis from sweet orange gave
positive results on sweet orange, tangerine, and laranja cravo, The
organism was reisolated. FE. faweetti infected laranja eravo and sour
orange, but not the sweet orange. Sphaceloma perseae gave good
infection on avocado. Cross inoculations with this fungus on citrus
gave negative results, as did cross inoculations on avocado with

E. faweetti and E. australis.
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