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Draft Annex to ISPM 27:2006: Phyllosticta citricarpa (McAlpine) Aa on fruit (2004-023)

|Comment Comment |Explanation

tvpe
{Substantive Name Phyllosticta citricarpa (McAIplne) Aa

\In paragraph 17, it states that "Phoma citricarpa var. mikan
Synonyms {Hara" is a synonym of "Phyllosticta citricarpa”.

|Guignardia citricarpa Kiely |

Phyllostictina citricarpa (McAlpine) Petr. Phoma citricarpa McAlpine \There are literatures which states that "Phoma citricarpa” is a
Phoma citricarpa Phema-sitricarpa-var—ikan-Hara = Leptodothiorella  synonym of "Phyliosticta citricarpa" (Sutton et al(1966)*', EPPO|

P ) i ] . . {Data Sheets on Quarantine Pests(20‘|3)*2 EPPO database
i Taxonomic position: Eukaryota, Fungi, Ascomycota, Pezizomycotina, 5PQR(2013)*3)
Dothideomycetes, Botryosphaeriales, Botryosphaeriaceae '
Common names: Citrus black spot (for common names in other

. ::n%l-zgi:: :ﬁiggﬁgi%;& |been changed into "Phoma erratica var. mikan Hara" because it |
i ‘ € Y iis not a species of "Phoma citricarpa” but of "Phoma erratica” |
5 ' !(Hara(1960*4,1961*5) < Kitajima(1989)*6). '

|However, the name of "Phoma citricarpa var. mikan Hara" has

‘Therefore, "Phoma citricarpa var. mikan Hara" should be
rreplaced with "Phoma citricarpa".

{*1~6: Please refer the attached PDF file. ‘




‘Comm. Para. Comment Comment Explanation

|nNo.

no.

2|38

Itype
'Substantive |This protocol describes the detection and identification of P. citricarpa |In paragraph 15, it states that 'It should be noted that in

on symptomatic citrus fruit. Citrus fruit should be inspected for any ésymptomless citrus fruit or fruit with very small spots (<2 mm in

symptoms typical of citrus black spot (see section 3). If suspected \diameter) without pycnidia, the non-pathogenic endophyte
symptoms are present in the form of spots or lesions, they are \Phyllosticta capitalensis Henn. (formerly incorrectly referred to
examined with a magnifying lens or a dissecting microscope for the as Guignardia mangiferae A.J. Roy) (Glienke et al., 2011),
presence of pycnidia. However, as the pycnidia and conidia of P. {recorded in many plant families, may be present.".

‘ citricarpa are very similar to those of P. citriasiana, the recently !

i described pathogen on C. maxima (Wulandari et al., 2009), the lAnd in paragraph 22, it states that 'Citrus black spot can be

identity of P. citricarpa has to be confirmed by applying the diagnostic | easily identified by hard spot lesions with pycnidia.".

i methods described below (Figure 4). The flow chart drawn on the left |

part in Figure 4 shows a diagnostics option which can be conducted in |So if there is a symtom which has typical hard spot 22mm in
a relatively short time. If pycnidia are present in hard spot lesions \diameter and pycnidia, there is a possibility that the fruit is

i |described in Section 3.1 (=2 mm in diameter in size), morphology of |infested by Guignardia citricarpa.

the pycnidia and conidia should be examined with a dissecting =

imicroscope and a light microscope for observation. If their
|morphological characteristics are consistent with the ones described
iin Section 4.1.3, it is concluded that P. citricarpa is present. If the ,
morphological characteristics are inconsistent with the ones It can be a quick diagnostic method and it is practical and
}described in Section 4.1.3, Method A is applied.Diagnostic Method A |beneficial for countries which does not have any special
(|solat|on and culturing) is used for the identification of P. citricarpa on |measures for fresh fruits other than visual inspection.
h::ltrus fruit, but can also be used on leaves, twigs and pedicels,

fwhereas Method B (molecular assay) applies to citrus fruit only.

Therefore, we propose to add a new diagnostic method as the
|first step of the flow of Fig.4.




iComm. Para. [Comment |Comment Explanation

no. no. type | : i
31134 Substantnve \Japan would like to resubmit the following comment submitted in the |For the explanation, please see comment on paragraph 38.

member consultation period in 2012. !
|Japan thinks that a flow which is not through isolation and culturing
@and does not depend on molecular test would be available (The
arevised proposed flow is shown in the attached sheet).

(The comment submitted in 2012)

|A new diagnostic method should be added as the first step of the ﬂow ‘

|of Fig.4. on the basis of the typical symptom (hard spot) on fruit and 1

[the presence of pycnidia. |
\




proposed amendment of Fig.4
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C.M.L, Descriptions of GUIGN ARDI A

Pathogenic Fungi and Bacteria

No. 85 - CITRICARPA

Sy

A, Conidia; B, blastic conidiophores; C, ascospores: D, ascus,

Guignardia_citricarpa Kiely in:Proc¢, Linn. Soc. N.S.W., 73:295, 1949,

‘Conidial state: Phyllostictina citricarpa (McAlp.) Petrak, 1953,

N e s L A e Aty €

Ascocarps amphigencus on dead leaves, not formed in fruit or leaf lesions, solitary or aggregated,
globose, immersed, dark brown (o black, 951251 diam,; wall up to § cells thick, sclerotioid on the
outside, psendoparenchymatic and thin-walled within, ostiole nonpapillate, circular, 10~17-5u diam.
Asci clavate-cylindrical, shortly stipitate, 8-spored, 40-65x12-154; ascus wall thick, bitunicate.
Ascospores aseptate, hyaline multi-guttulate, cylindrical but swollen in the middle, ends obtuse,
each with a colourless appendage, 12-5-16 x4-5-6:5u. Pseudoparaphyses absent.

Pycnidia formed in fruit and leaf lesions, also amphigenous on dead leaves, solitary, sometimes
apgregated, globose, immersed, mid-to-dark brown, 115-190u diam., wall up. to 4 cells thick, sclero-
tioid on the outside, psendoparenchymatous within, ostiole darker slightly papillate, circular, 12-14.54
diam. Conidia obovate to elliptical, hyaline aseptate, multi-guttulate, apex slightly flattened with a
colourless subulate appendage, base truncate, 8-10-5 X 5-5-7, formed as blastospores from hyaline,
unicellular, cylindrical conidiophores up to 9u long.

- Om Citrus spp.  Also recorded in a non-pathogenic form on many other hosts in the following
families: Anacardiaceae, Aquifoliaceae, Bignoniaceae, Burseraceae, Cunoniaceae, Dioscoreaceae,
Gramineae, Lauraceae, Leguminosae, Liliaceae, Lythraceae, Magnoliaceae, Myrtaceae, Orchidaceae,
Passifloraceae, Proteaceae, Rosaceae, Rutaceae, Solanaceae, Sterculiaceae, Theaceae (RAM 29:208;
43, 1922a) and Herb. IMI.

DISEASE: Black spot of citrus. Kiely (1949) described 3 types of fruit lesion: Hard spot and shot-hole
spot numerous at first, circular, brown with slight depressions, later more depressed in the céntre which
turns grey-white, margin black and surrounded by a ring of green rind tissue; Freckle spot develops
after hard spot phase with abundant lesions, small, deep organge to brick red, finally brown, lacking
a green ring; Virulent spot, irregular, confluent, rapidly spreading, black in the centre where pycnidia
are produced, brown nearer the edge, finally brick red at the periphery forming the margin of the sunken
lesion. McOnie found field temperatures affected symptom expression (RAM 44:1556b). Also
oceurs on leaves, twigs and flowers of citrus and other hosts, often as latent infections.

GEOGRAPHICAL DISTRIBUTION: Widely distributed on a large numbéf of hosts. Couniries where
the furllcgus has been reported as a pathogen of citrus fruit in the field are designated below with an
asterisk: .




Africa (?Egypt, Kenya, *Mozambique, Nigeria, *Rhodesia, *South Africa, Uganda); Asia
(Ceylon, *China, *Formosa (Taiwan), Hong Kong, 7India, *Indonesia, Iran, Israel, *Japan, Korea,
IMalaya, Qkinawa, ?Pakistan, ?Philippines, ?Singapore, ?Thailand, ?Viet-Nam); Australasia &
Oceania; (*Australia, ?Fiji Islands, ?Hawaii, New Hebrides); Europe (Sicily, Spain, U.S.S.R.
(Georgia) ); North America (United States (Florida) ); Central America and the Caribbean (Honduras,
Jamaica, Trinidad); South America (*Argentine, *Brazil, *Peru, Venezuela). (CMI Map 53, ed, 3,
1561; RAM 29:208; 44, 701, Herb. IMI). '

PHYSIOLOGIC SPECIALIZATION: McOnie (RAM 43, 1922a) has described a form isolated from

latent infections in citrus and 14 other cultivated and indigenous hosts in South Africa, which is
non-pathogenic fo citrus. This is distinguished in culture from the pathogenic strain by its darker
colour, more Tuxurious and much faster growth, and by its ready production of perithecia, The
pathogenic form may also be isolated from symptomless rind of fruit but predominates in lesions and
is distinguished from the saprophytic form by the production of pycnidia in calture. Both types were
found in the symptomless rind of oranges, lemons and grapefruit in orchards affected with black
spot in Nelspruit, South Africa. '

TRANSMISSION: By air-borne ascospores from perithecia produced on citrus leaf litter (RAM 43,

1922b), Conidia produced from pycnidia require water droplets for emergence and dispersal. They
play a miner role by coniributing to the infection of low hanging fruit,

Mycelium in latent infections of citrus leaves remains viable up to 18 days and may be detected
when the leaves are incubated at 30°C, (Kiely, 1949). Nursery trees may also carry latent infection into
other citrus growing areas (Kiely, 1949, Wager, 1953).

Wounds on fruit made by insects may also provide infection courts (RAM 16 1247, 22:19),

NOTES: Black spot was first described from New South Wales in 1895 from areas round Sydney where

losses caused to late Valencia oranges from blenushed fruit were serious both from infections in the
tield and from latent infections which developed on fruit in transit,

A succession of epiphytotics caused glut conditions in the Tocal market with serious economic
repercussions which led to-a Royal Commission of Inquiry into the fruit industry of New South
Wales in 1939, . :

The disease was first reported from South Africa in 1929 only in the cool mist belt of Natal but
later in 1945 assumed more serious proportions when it spread to ‘the hot dry sub-tropical Bast &
North Transvaal, and rendered more than 909 of fruit from unprotected trees in some areas unfit
for export. _ ’

Black spot was subsequently discovered in Rhodesia in 1961 in lemon and Iate Valencia orchards
but'has remained localized (Whiteside, 1965). Damage is most severe when mean max. temps. are
between 24-25°C. at the time fruit is maturing or when the temp. at peak maturity coincides with
30°C.

Good control has been achieved from the use of sprays containing weak Bordeaux and white
oil, cuprous oxide and zineb. (RAM 30:566; 43, 1922g). Routine fumigation of trees with HCN for
control of scale insects has been found to reduce the incidence of the pathogen as well (Phovtopathology,
55:486, 1965).

LITERATURE: Kiely, Proc. Linn. Soc. N.S. W, 73:249-292, 1949 [58 ref], Wager, Sci. Bull. Dep.

Agrie. For. Un, S. Africa, 303, pp. 52, 1953, Schilepp, Phytopath. Z., 40:258-271, 1961 [21 ref.],
McOnie, Phytopathology, 54:40-43; 64-67, 1964; Whiteside, Rhod. Agric. J., 62:87-91, 1965 (disease
& bibliography); Kiely, Sci. Bull, Dep. Agric. N.S.W., 71, pp. 88,1950[26 r¢f.]; McOnie, Phytopathology,
54:1448-1453: 1488-1489, 1964 (epiphytology & control); Hudson, Trans, By, mycol. Soc., 45:
395-423, 1962 (taxonomy & ecology on sugarcane).

B. C. Sutton & J. M. Waterston

Tssued by the Commonwealth Mycological Institute, Ferry Lane, Kew, Surrey, England.
Printed in Great Britain by The Eastern Press Ltd., London and Reading,

© Commonwealth Agricultural Bureaux, March, 1966.
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Guignardia citricarpa

IDENTITY

Name: Gmgtgardm citricarpa Klely e ’ : o
Anamorph: Phyllosticta citricarpa (McAlpine) Van dcr Aa (macrocomdxal state) o

Synenyms: Phoma citricarpa MeAlpine
. Plyllostictina citricar, pa (McAlping) Petrak

Svnanamurph Leptodothiorella sp. {microconidial state)
Taxonemie po~zitmn TFungi: Ascomyvetes: Dothideales :
Common names: Black spol, hard spot, shot-hole, freckie spot vu'ulent bpot speukled

biotch of gitrus (Enghbh) FERSER .

" Maladie des taches noires (French)
Schwarzfleckenkrankheit (Germéan) L R
“In recent pubhcatnonb vitrus black spot has been refe:red to by the

acronym CBS (Kotzé, 1981 Herber{ & Grech, 1985), 7
Notes on taxenomy and nomenclature: On the basis of gross morphology, the name G
citricarpa has been apphed to several Guignardia samples and isolates derived from citrus
and non-citrus hosts, irrespective of whether or not they can cause biac,k spot disease of
citrus. (Kiely, 1949a; MoOnie, 1964a; Van der.Aa, 1973; McMillan, 1986;). McOnie
(1964a; 1964c¢) reported that two Guignardia species, the black-spot-causing G. citricarpa
and a non-pathogenic Guignardia sp., oeenr én eitrus. Furthermore, on some.of the non-
citrus: hosts, several different Guignardia species have been described {Petch, 1923, Roy,
1968; Pande, 1969, Van der A, 1973; Punithalingarn, 1974; Ullasa & Rawal, 1984) This
has resulted in confusion over taxonomy, identity and host range of G. citricarpa. 1t is
therefore iruperative {hat, until a thorough reassessment and eharactenzatmn of the
Grignaydia isolates causing black spot of citrus and those assumed to be found on alternate
hosts are carried out, the name G crmcarpa is exclusivelv apphf.cl to the fungus oausmg
black spot of citrus, = : :
Bayer computer code: GUIGC]
EPPO Al list: No, 194
EU Annex designation: [I/A1 (strains pathogenic to cltrus) o

HOSTS

The principal hosts are Citrus species: C. limonia, C. nobifis, C. poonensis, . tankan,
grapetruits (C. paradisi), lemons (C. limon), limes (C. auranfifolie), miandarins (C.
reficulata), oranges (C. sinensis). Sour oranges (C. aurantinm) are not susceplible. '
Non-eitrus hosts reported to harbour G. cifricarpa inchude almonds (Prunus dulcls),
avocados (Persea americana), Eucalyplus spp., guavas (Psidium gragjava, P. montarimy,
mangoes (Mangifera indica), passionfruits (Passiffora edulis), Rubus spp. and a variety of
omamentals such as Caesalpinia pulcherrima, Callistemon citrinus, Camellia joponica,
Dendrobium. speciosum, holly (Hex aquifoliun), Magnolia sp., Smilux sp. (Kiely, 1948;
Kiely, 1949b; MecOnie, 1964a). Other recorded hosts are cardamoms (Elettarm_
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cardamopum) (Allen, 1971), Cola nitida, Dioscorea pentaphylia (Roy, 1965), Eucmﬁfpms
deglipta FAO, 1960) and sugatcane (Saccharum  officinarum) (Hudson, 1962), :

The non-citrus host list is controversial and doubtful for two main reasons: 1) adequate
cross inoculation details are Iackmg and 2) on Camellia, Dioscorea, Iex, Persea, Psidium,
Memgifera and Smilax, species have been described under the hames Guignardia camelliae
{Cooke) Butler, G. dioseoreae A K. Pande, G. Philoprina (Berk, & M A Curtis) Van der
Aa, G. perseae Puvithatingam, G. psidii B.A. Ullasa & RD. Rawal, G. mangiferae A.J.
Roy and G. smzrlacrs Al Roy. respectnely

GEOGRAPHICAL DISTRIBUTION

" The geographmal distribution is gwen for true G. citricarpa and then for- doubtful or fion-

.

pathogenic records, which are probably other species {ee Notes ‘on taxonomy and
nomenclature). Citrus black spot, originating in south-eﬂst Asxa spread to Aunstralia, South
Africa and Ching many years ago. _ _ _
(rmgnardm citricarpa
EPFPO region: Absont.
Asia: Bhutan, China (Fujian, (,ruangdong, Swhuan Yunnan Zhejlang I‘awcelt }936)
I—Ionrr Kong, Indonesia (Java), Phlhppmes Talwan o

Africa: Kenya, Mozamb1que Sout.h Afnca (Wagcr 1952 Herbeﬂ & (Jrech 1985)
Zambxa Zimbabwe.

Oceania; Australia LNev» South Wale:, Queensland Vactor:a McA]pme 1899), New
Zealand, Vanuatu . AR _ _ gy

EU: Absent, .- " EOS :

Distribution map Sce CMI (1990 No 53) L

Doubﬂ‘u] G cxmcarpa or Gmgnardm Spp- non-pathogeme to cltrus .

EPPO region Egypt, Israel, Italy (Sicily), Lebanorn, Spain (McOnie, 1964c).

Asia: Georgia, India (Assam on Dioscorea_pentaphyli), Iran, Isragl, Japan {mqudmg
Ryukyu Archipelago) Korea Democratm People's Republic, Korea Republie (intercepted
in USA), Lebanon, Malaysia (peninsular, Sabah, Sarawak; on EBucalypies deglipta),
Myanmar, Pakistan (m{ercepted in USA), Singapore (intercepted .in USA) Sri Lanka (on
tea),” 'I'hailand (intercepted in USA) Vie{ Nam (intercepted m USA). : :

Africa;” Egypt (intercepted in USA), MNigeria .(on Cola nitida), South Afr,lca (Cape
Province), Swaziland, Tarzania (on cardamoms; Allen, 1971), Uganda. -

North Amenca USA (Florida on mangoes, McMiilan, 1986; Far er af, 1989 Hawau
intercepted in mainland USA). The report from Florida failed o show that black spot of
citrus could be produced with the margo isolate and made no compamon wn.h G
mangiferae naturally found on mangoes.

Central America and Caribbean: Belize, Cuba (various hosts but not cm-us,) Honduras
Jamaica, Trinidad,

South America: Argenfina, Brazil (Sfo Paulo), Pem, Venezucla {on Tabebuia
pentaphylia).

Oceania: Cook Islands, Fiji (Dmgley et al 1985) Niuve, Pupua New Guinea (on tea)
Samoa, Tonga. : :

EU: Present. .- : '

Dlstnbutmn map See CMI {1990 No. 53).

BIOLOGY

The ase‘(uai states of the citrus black spot fungus are Phyllostmia (macrogonidial) and
Leptodothiorella (microconidial). The latter is sometimes referred to in the Titerature as the




Guignardia citricarpa

'spermagonial’ state and the dumb-bell shaped .microconidia as spermatial cells (Kiely,
1949a; Van der Aa, 1973) but to date no evidence has been found to substantiate the olaim
that it has this function. The Phyllosticta state accurs on fruit lesions, leaf lesions, dead
twigs, fruit stalks and in abundance on lgaves on the. orchard floor (K;el), 1949a Kotzé
1981). The Lepfodothiorella state usually appears on fallen leaves -before ascocarps
develop; the role of the microconidia is unclear Ascocarps occuf throughout the year on
leaf litier lying on the orchard floor. ~ =,

Cultures of G. cifricarpa grow well on agar medla the 0ptlma1 tempemture for growﬂl
bas been reporied to be 24-27°C (Wager, 1952) and optimum growth ‘iri liquid basal
synthetic medium has been reported to be at 27°C (Kotzé, 1981), ‘Germination of
macroconidia has been reported to be stimulated by citric acid solutions at. concentrations
of 0,1-0,5%. Maximum geriination, nearly 80%, has been obtained using 0.3% citric acid
solution and ineubating conidia for 4 days al 25°C in a damp chamber {Kiely, 1949a),
Germination of macroconidia in tap water has been reported in South Africa {Wager,

. 1952). Longevity of macrocopidia differs from country to country. In Australia, freshly
exuded mature macroconidia have been, reporbed to lose their ability to germinate 1 month
after they were produced. (Kiely, 1949a) but in South Africa macroconidia have been

reported to retain their germinative capacity up to 5 months (Wager, 1952). Macrocotidia
on germination enter both wnwounded and wounded fruits, and through abrasmns caused
bv hail or nsect d&me‘L (Kiely, 1949a; Leg, 1969}. Tn field trials carried out in Australa,
young fruits 1nocu1ated with conidial suspensions aflef petal fall int October produced black
spot disease after nearly 1 year (Kiely, 1949a). In ‘South Afnca young citrus fruits
inoculated with high concentrations of macroconidia near mid-November showed speckled
blotch lesions by the end -of January the tollowmg year (McOnie, 19()43) The role of
macroconidia in spreading the black spot disease is considered fo bt of minor impoértance
when compared with aithome ascospores which are regarded as the primary source of

moculum Kiely, 19492, MceOnie, 1964b; Kotzé, 1981, Zheug,, 1983).

The dissase spreads in otchards by. infeetion eotning ‘from macmcomdia and
ascospores, I takes several years from the time the first symptoms are noliced until the
disease reaches upldemlc propottions in South Africa (Kotzé, 1981), Macroconidia are
water-borne and require droplets of water for their emergence and dispersal (Wager, 1952)
and pycmidia have no’spevial release mechanism for expelling conidia into the atmosphere
(Kotzé, 1981). Macroconidia are washed down or rain-splashed from dead twigs and old
fruit stalks to infect susceptible fruits in Zimbabwe (Whiteside, 1967), Aawspores are
forcibly ejected vertically up to 1 ¢m and carried by wind and water. Dew, rain and high
temperature promote the release of assospores from ascoearps developed on leaf litter from
the floor of orchards during May to October in Taiwan (Huang & Chang, 1972), from
Novernber to Tune in South Africa (McOnie, 1964d), and throughout the year in Australia
(Kiely, 1949a). Release of ascospores commences within the tirst hour after the leaf litter
has become wet (Kiely, 1949a; Kotzé, 1981), Rainfall as kitile as 3 mm can bring about the
discharge of ascospores from mature ascocarps (McOnie, 1964d). Significant frisit infection
has been correfated with an abundance of ascospore inoculum in the atmosphere (MeOnie;
1964b).

In Australia, ascospords take more than 24 h to germinate at 25°C and.4 days to reach
98% germination (Kiely, ]9493.) whereas in South Africa peak germination approaching
100% has been observed in 24 h (M¢Onie, ]967} Ascospores on genminalion produce
appressoria with infection pegs that penetraie the cuticle. The infection. pegs produce at
their tips, between the cuticle and the upper epidermal cells, knots of fungal tissue which
are considered to establish latent infection (McOnte, 1967; Kotzé, 1981). Flowers and
fruits are susceptible to infection from anthesis until approximately 16 wceks later
(Kellerman & Kotzé, 1979). Infection is wsually followed by a long period of laleniey which
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may last 12-36 months in Australia and about 3-12 months after anthesis for fruit infection
in_ South Africa (McOnie, 1967, Kellerman & Kotzd, 1979). Disedse symptoms first
~develop on fruits which are at or near maturity depending on several Tactors: Citrus species
of vatiety, prevailing weather conditions and duration of latent petiod (McOnie, 1967). In
Ausiralia primary infections of voung leaves are initiated by - wind-borne ascospores during
September and October and young fruits from October 1o February. Latent infeotions on
green leaves provide ascospore ihoculum, whenevér such leaves fall, over a period of 1 to
approximately 3 years. The presence of G. citricarpa mycelium in healthy green citrus
leaves in commercial nurseries has been demonstrated and mycelinm in latent infeclions
has been reported to survive 18 days in wilied air-dried citrus leaves and then to produce:
fructifications when such Jeaves were moistened and incubated at 30°C (Kiely, 1949a).

... The existence in Australia of a primary and secondary infection cyclé ‘and their
relationship have been demonstrated by Kiely (19494). Primary latent infection of young
frufts gives rise to pyenidia with iriacroconidia after 12-15 months, ‘and at muturity they
develop black spot lesionis, Which jn tum jnitiale a secondary infection cycle. In South
Africa, the seasonal cycle of the pathogen, the climatic conditions and the oyele of eitrus
fruit. and leaves are tegarded as the three primary components aftecting a black spot
epidemic (Kotzé, 1981). The leaf Jitter on the floor of the orchard acts ag the reservoir for
aseocarps which develop within 50-180 days but ‘maturation depends on intermittent
welting and drying .of leaves and prevailing temperature (Lee & Huang, 1973; Kotzé,
1981). Heavy dew alone has been reported to be sufficient for maturation and release of
ascospores in New South Wales (Kiely, 1950), but in South Africa imigation and dew have-
been reported to have little or no noticeable effect on ascocarp development or Ascospore
release (MoOnie, 1964d). .Cool, dry weather has been reported to prolong ascocarp
maturation up to 6 months under South African conditions Kotzé, 198}, Rainfall pattern
has been reported to jnfluence the release. of the primary inoculum (ascospores) into the,
atmosphete; 3 mm of rain is considered sufficient for the release of large numbers of
ascofpores bul continuous ‘heavy showers are reported to affect ascospore discharge
adversely dnd reduce ascospore load in the air (MeOnie, 1964d; Kotzé, 1981). -+ -

In Australia, Kiely (1950) has reported the existence of a pésitive comrolation between
disease developmont .and rainfall during the susoeptible period and a hegative one during
the period after petal fall when infection oceurred. Mean maximum temperature for disease
development is between 24 and 25°C. Disease development in fruits of orange cv, Valencia
in coastal New South Wales is favoured by high temperature and low soil moisture XKiely,
1969). In South Africa symptom expression is favourad by high temperature’ (MeOnie,
1964e) and late-hanging fruit in orange cv. Valencia (Kellerman & Kotzé, 1979). Once re-
greening of the rind starts black spot developmient ceases. Othier fungi which are sometimes
associated with speckled bloteh of citrus are AMernaria sp. and Glomerella cingulata
{Kiely, 196(h. e ' '

DETECTION AND IDENTIFICATION _

Symptoms ' .

Black spot of citrus was first officially noticed in Australia in 1895 on fuits in the citris-
growing areas around Sydney (Kiely, 1949a). Spot development on oranges ov. Valencia
goes through severa) stages and Australian growers refer to these phases of fruit lesions as
hard spot and shot hole spot; freckle spot; and spreading or virulent spot (Kiely, 1949a). In
Australia, hard spot and shot-hole spot usually develop on oranges ev. Valencia in mid-
Angust (late winder), with 50 or more lesions per fruit. Lesioris are at first cireular and
brown with. slight depressions, which gradually sink in the centre developing into crater-
like depressions, grey-white in the centre with black margins encircled by green rind tissue,
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The smaller, orange to brick-red freckle spots usually appear on the half of the fruit
exposed to the sun, with several hundred spots per fruit. When coniditions are favourable
for spotting, hard spot development is replaced by freckle spot which drastwally reduces
the keeping quality of fruits. Virulent _spuls are common, developmg 2-3 weeks .after
freckle spot development wﬁh the onset of wanmer conditions. They spread rapidly
becommg confluent, involving approxiruately two thirds of the fruit surface in 4-5 days and
assuming irregular. shapes. Freckle spots may develop into virulent lesions and virulent
spots may eéngulf freckle. and hard spot lesions. Virulent spots extend deeper into the rind.
An epidemic of virulent spots may ocour when orange cv. Valenma 15 at the peak of
maturity (Kiely, 1949a). Another development ‘phase of black spot, - §pec>kled blotch, has
been reported on citrus fruils in Australia (Klely, 1960) and South Africa (McOnie; 1964c).
“In noculation tests carried out in Taiwan, only freckle spots and virulent spols were
produued by isolates from friit with hard spot or black speckle lesions; freckIe Spots
developed into sirylent spots ol frmts in continuous stnrage (Lee, 1969),
~Lesions on leaves of orange ov. Valencia are rare in the Gosford area of New bouth
Wales but common in Qucens]and (Kicly, 1949a). Lesions usually ocoUr on lemons as
sunken spots, 1.5-3 mm in diameter, Black spot leaf lesions are Very common in Transvaal
and Natal (Wager, 1945, Kiely, 1949a), o -

Morphoiogy S .
Phyllosticta state: macroconidial state pycmdlal m]mersed ddrk—brown fo black globose
115-190 pm. Macroconidia hyaline, “variable jin shape, obovoxd to broadh ellipsoid or
pyniform, aseplate, (6-)8-10.5(-13) x (5-)5.5-7(-9) pm, surrounded by a colourless
gelatinous ocoat and with a subulate, apical appendage 5-15 pm long, caducous,
Leptodothiorella state: microconidial state pyormudial, resembhng the pyenidia of ihe
Phyllosticia state in general niprphology, usually developing prior to ascocarp formation.
Microconidia hyaline, dumbbe!l—shaped, 5-8x035-1 pm. Similar pyenidia develop in agar
culture. Ascocarps solitary or in groups;, solitary ascocarps globose, 125-135 pm, papillate,
ostiolate; aggregated ascocarps 220-360 pm. Asci clavate-cylindrioal, bitunicafe, 45-85 x
12-15 pm, 8-spored, uniseriate.” Ascospores hyaline, aseptate, broader in the middle,
cylindrical, 8-17.5 x'3.3-8 pm, ends obtuse with colourless terminal mucoid appendage
Paraphyses and periphyses ahsent,

Detailed descriptions are glVBI'i by McAlpme (1899, Klely {l949a) Sutton &
Waterston ( 966) and Van dcr Aa (1973}

Detectmn and inspection methods
Citrus trees introduced to new sites can be tested for latent infection by sampling green
leaves as suggesled by Kiely (1949a),

MEANS OF MOVEMENT AND DISPERSAL

G. citricarpa is dispersed naturally only over short distances. It has been introduced to new
sites in South Africa by distributing nursery trees with latent infection from
Pietermantzburg where citrus black spot was first reported in 1929 (Wager, 1952). It has
been claimed that the disease was spread in Zimbabwe on bud wood or nursery trees before
restriction was placed on material from South Africa (Whiteside, 1965). Grafting infected
twigs on healthy trees is considered to be a means of spreading G citricarpa to new trees
(Schitepp, 1961). The fungus has been intercepled in the USA on fruits from several
countries (see Geographical Distribution). However, only pyenidiospores form on fruil and
these are not airborne, so the sk of spread on fruit is relatively low (Whiteside ef al,,
1988).
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PEST SIGNIFICANCE

ECGIIO!HIL :mpact '
Black spot. of citrus. is a senous disease of citrus. cultivars in Austraha (Kiely, I949b
1969), Guangdong province in China (Faweett, 1936) and South Africa (McCnie, 1964b).
In the Windsor and Hawkesbury River areas of Auslralia in 1931, all orchards of orange
cvs Washington Navel, Joppa and While Siletta were severely affected and losses of 80%
were common in individual orchards (Kiely; 1960). Before the adoption of . control
medsures, heavv losses in oTdnge ov. Valencia had been mpomd in the coastal orcha.rds in
New South Wales (Klely, 1949g; '1949b). In South Mrica 90% of fruits from unprotected
irees were clajmed to “be unfit for export (McOme 1964b) and losses of more  than 80% of
unprotested fruits were reported to be common (MoOnie, 1964d) In Zimbabwe black spot
was known from 1965 but reached epldumc propertions in 1978 (Kotzé, 1981). In-South
Afnca summer raing on lemon o1 chardb 15 the mosl Important factor in eslabhshement of
an epldemm and so far black spot ‘has not been Known to dlsappcar or dcclme once it has
‘reached the ‘spidemic-stage {Kotzé, 1981). Tt is mainly a fruit disease and the unsightly
lesions do not eause post-harvest decay but render the fruits unmarketable. During the
pe.rmd between 1929 and 1939, when epldermcs were at their worst in Australia, the
wholesale market for oraiges in Sydney way depressed die to growers creatmg a giut for
fear of thair fruits developmg disease.

G. citriearpa is considered to be the most 1mportam pathogen of cifrus in Chma
Australis and South Africa, where the. citrus Jindusiry is of ma]or unportame (McOme
1967). Reoent Qtansncs on crop | Iosses are unavailable. : _ :

Control -

Sirice all commcrcmlly grown & rlrm specnes except . aura?mmn (sour oranc,es) are
suscept;ble (McOnie, 1964d; Kotzé 1981), a range of fungicides has been tested and
recommended for protection and control. The use of preventive sprays such as Bordeaux +
white oil, Bordeaux and zineb or ‘mezineb (Kiely, 1949&, 1950 1963; 1969, Wager 1932),

mancozeb (Kellerman & Kotzé, 1979), bepomyl. + mhineral oil (Mc()me et al., 1969;

Kellerman & Kotzé, 1973; 1979; Kiely, 1976; Tsia et al., 1977, Bertus, 1981, Kotzc 1981)
have been feported to give adequaie control. Since 1971 black: spot of citrus has. been
controlled in South Afiica by a single application of benomyI but reogntly in orchards of
orange cv. Valencia in Eastern Transvaal, benomyl became ineffective due to tolerance by
some (3, eitricarpa sttains (Herbert & Gréch, 198S). The benomyl-folerant sirains were also
found to be tolerant of other benzimidazoles but sensitive to mancozeb. The benomyl-
tolerant isolates have been reduced from over 90% to 30% by the use of manecozeb.

Another conirol measure is orchard sanitation, incloding the removal of mature fruits
before the new crop set, to prevent pycnidial inoculum getting washed down. Stripping
nursery trees of leaves before being sold has also been recommended {Wager; 1952),

Phytosanitary risk

G. cifricarpa has recently been added (o the A1 quarantine hsl of EPPO; it is an A1 pest for
CPPC and an A2 pest for APPPC and IAPSC. True G. citricarpa is absent from the EPPO
region. Though of tropical origin, the fungus has established -itself and causes serious
damage in subtropical climates, e.g, China, New South Wales (Australia) and South Africa.
It could be expeoted to establish and cause significant fosses if introduced into the
Mediterranean citras-growing areas.
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PHYTOSANITARY MEASURES

Importation of planting ‘material of eitrus from couniries where true G. cifticarpa ocours
should be prohibited (as it is on account of several other non-Eutopean oitrus pests). The
fungus can readily be carried on imported eitrus fruits, but the risk of spread from these is
relatively low, Fruits from infested countries should come from orchards found free from,
‘or treated against, the pest. ' o ' '
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Taxonomy

--Fungi (1FUNGK)

---Ascomycota (1ASCOP)
--—-Pezizomycotina (1PEZIQ)

----- Dothideomycetes (1DOTHC)
------Botryosphaeriales (1BOTSO)
------- Botryosphaeriaceae (1BOTSF)
-------- Guignardia (1GUIGG)

--------- Guignardia citricarpa (GUIGCI)

Other scientific names
Fhorna cifricarpa M Alpine
Phyllosicla cilricarpo (McAlpine) won der Ag
_Phylloslictina citricarpa McAlpine) Pelrok

Guignardia citricarpa

Common names

Fruchifleckighel: Zilrus [OF)
Sehwarzfleckigken: Zilrus [OF)

block spot of cilrus [EN)

¢BS [EN]

freckle spot of citrus [EN]

hard spol of cirus [EM]

shol ~hole of cilrys [EN]

speckled blolch of cilrys [EM]

wirulent spol of citrus [EN)

moncha negra de las fnitas d cilricos [ES)
manchas negros de los agring [E5)

reladie des foches nores des agrumes [FR]
loches noires des fruls des agrumes [FR)
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Africa

Algeria
Angola

Benin
Botswana
Burkina Faso
Cameroon

Central African Republic

Congo

Congo, Democratic republic of

Cote d'lvoire
Egypt
Ethiopia
Gabon
Ghana
Guinea
Guinea-Bissau
Kenya
Liberia

Libya
Madagascar
Malawi
Mauritius
Morocco
Mozambique
Nigeria
Senegal
Seychelles
Sierra Leone
Somalia
South Africa
Sudan
Swaziland
Tanzania
Togo
Tunisia
Uganda
Zambia
Zimbabwe

America

1/4

Antigua and Barbuda

Guignardia citricarpa

Absent, confirmed by survey
Absent, confirmed by survey
Absent, unreliable record
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, restricted distribution
Absent, unreliable record
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, restricted distribution
Absent, confirmed by survey
Absent, unreliable record
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, few occurrences
Present, no details

Present, no details

Absent, confirmed by survey
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Argentina
Bahamas
Belize
Bolivia

Brazil

Brazil Rio Grande do Sul
Brazil Rio de Janeiro

Brazil | Sao Paulo

Cayman Islands

Chile

Colombia

Costa Rica

Cuba

Dominica

Dominican Republic

El Salvador

Grenada

Guatemala

Guyana

Haiti

Honduras

Jamaica

Mexico

Montserrat

Nicaragua

Panama

Paraguay

Peru

Puerto Rico

Saint Lucia

St Vincent and the Grenadines
Suriname

Trinidad and Tobago

United States of America
United States of America Florida
United States of America Hawaii
Uruguay

Venezuela

Asia
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Afghanistan
Bahrain '
Bangladesh
Bhutan

Brunei Darussalam

Present, restricted distribution
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, restricted distribution
Present, no details

Present, no details

Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, few occurrences
Present, few occurrences
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
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Cambodia
China
China
China
China
China
China
China
India

India
Indonesia
Indonesia
Iran

Iraq

Israel
Japan
Japan
Japan
Jordan
Korea, Republic
Kuwait
Lebanon
Malaysia
Malaysia
Malaysia
Malaysia
Myanmar
Oman
Pakistan
Philippines
Qatar
Saudi Arabia
Sri Lanka
Taiwan
Thailand
Uzbekistan
Viet Nam
Yemen

Europe

3/4

Albania

Azerbaijan

Bosnia and Herzegovina
Croatia

Cyprus

Fujian

Guangdong

Sichuan

Xianggang (Hong Kong)
Yunnan

Zhejiang

Assam

Java

Honshu
Ryukyu Archipelago

Sabah
Sarawak
West

Absent, confirmed by survey
Present, restricted distribution
Present, no details

Present, no details

Present, no details

Present, no details

Present, no details

Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
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France
Georgia
Greece

Italy

ltaly Sicilia
Malta
Montenegro
Netherlands
Portugal
Spain
Turkey

Oceania

. Australia

4/4

American Samoa

Australia

New South Wales
Australia Queensland
Australia Victoria
Cook Islands

Fiji

French Polynesia

Guam

New Zealand

Niue

Papua New Guinea

Samoa

Tonga

Vanuatu

Wallis and Futuna Islands

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent
Absent, confirmed by survey

confirmed by survey

Absent, intercepted only

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey

Absent, confirmed by survey
Present, restricted distribution
Present, no details

Present, no details

Present, no details

Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
Absent, unreliable record
Absent, confirmed by survey
Absent, confirmed by survey
Present, no details

Absent, confirmed by survey
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Provisional translation

Hara, K. (1960). Ann. Phytopathol. Soc. Japan 25(5): 225. (in Japanese)

(4) Kanesuke Hara ~ Phoma rot (Kokuhan-byo) of Citrus

In 1920, a disecase which had black lesions with a diameter of about two centimeters on the fruits
of Citrus natsudaidai widely occurred in Shizuoka prefecture, Japan. As a result of examination,
the disease was found to be different from Citrus black spot in Taiwan, which was caused by
Phoma citrocarpa McAlpine. Therefore, the author named the causal fungus Phoma citrocarpa
McAlpine var. mikan Hara (Hara, K. (1921). Trans. Shizuoka Agr. Farm.'" Assoc. 283 (Spec.
Suppl.) : 33-36.(in Japanese) ). As Japan was very cautious about the invasion of the Citrus black
spot from Taiwan to Japan at that time, Dr. Haruyoshi Takeuchi at Kyushu University made a
comparative study of both fungi and found that the causal fungus of Phoma rot which was found
in Shizuoka is different from that of Citrus black spot in Taiwan. After that, Phoma rot had
occurred on fruits such as Satsuma mandarin (Mikan, in Japanese) and Navel oranges in Japan.
On the other hand, the author identified a disease caused by Phyllosticta citricola which was
named Phyllosticta leaf spot (Oomaruhoshi-byo, in Japanese) Hori by Dr. Hori as Phyllosticta
erratica Ell. et Ev., which widely distributes in U. S. . In addition, the author changed the name
of causal fungus of Phoma rot to Phoma erratica (Ell. et Ev.) Hara var. mikan Hara because he

recognized this fungus as a variety of Phyllosticta erratica Ell. et Ev. (snip)
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Provisional translation

Hara, K. (1961). Plant Prot. 15(6):265-266. (in Japanese)

Overviews of Citrus Diseases
Kanesuke Hara

(snip)

II Phoma rot (Kokuhan-byo) of Citrus

The symptoms of Phoma rot of Citrus fruits in Japan is different from Citrus black spot which
was found in Australia and widely distributes from Taiwan to southern China (Southeast Asia).
Therefore, the author newly named the causal fungus Phoma citricarpa McAlpine var. mikan
Hara. After that, a comparative study of the both casual fungus was made by Dr. Haruyoshi
Takeuchi and the results of the study also showed that the fungus are different from each other.
As it was found that the Australian strain does not exist in Japan, the causal fungus of Phoma rot
is not a variety of Phoma citricarpa McAlpine. Hence, the author changed the name of the fungi
to Phoma erratica (Ell. et Ev.) Hara var. mikan Hara. A detail information is provided in Hara,
K. (1960) . Ann. Phytopathol. Soc. Japan 25 (5): 225. (in Japanese). (snip)
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Provisional translation

Kitajima, Hiroshi (1989). Diseases of fruit trees (Kaju—byogai—kakuron, in Japanese). Yokendo,
Tokyo, p75-76. (in Japanese)

1.23 Kokuhan-byo (Phoma rot of Citrus)

Synonym of disease name in Japanese: Kurohoshi—byo

Scientific name of the pathogen: Phoma erratica (Ell. et Ev.) Hara var. mikan Hara (Phoma
citricarpa McAlpine var. mikan Hara)

[ Deuteromycotina—Sphaeropsidales ]

Citrus fruit rot caused by Phoma was found in Australia by McAlpine (1899) and named
Phoma citricarpa, following the detailed report by Lee (1920). In Japan, the disease was reffered
by Nishida (1914) and Hara (1916) as "Kurohoshi-byo (Citrus black spot)". After that, a detail
English description of this disease was translated into Japanese by Lee and Soga (1920) and the
name of the disease was translated as "Kokuten-byo".

Thereafter, it was reported that a black spot was found on the citrus fruits imported from
southern countries and in Taiwan; Sawada (1935) reported the situation of the occurance of the
disease in Taiwan, Kodaira and Sato (1938) inferred the period of infection of the fungus from
its states in the diseased fruits imported from Taiwan, and Tokunaga (1940) clarified the period
in which the fungus infects citrus fruits. Sueda (1941)reported the details of the latent infection
of the fungus not only in fruits but also in leaves and branches. Tokunaga and Yokohama (1955)
also reported the mechanisms of the latent infection.

Before that, Hara (1921) recognized the existence of "Kurohoshi-byo", caused by Phoma, on
the leaves of Satsuma mandarins and fruits of Citrus natsudaidai in Japan. He described that
Phoma citricola, causal agent of "Kasshoku—dai-maruhoshi-byo" (Phyllosticta leaf spot) was
identical of Phoma citricarpa isolated by himself. Later, Hara (1925) changed the name of the
disease to "Kokuhan—byo" (Phoma rot of Citrus) and the name of the causal fungus to Phoma
citricarpa McAlpine var. mikan Hara because the symptom of Phoma disease on citrus fruits in
Japan was different from that of foreign black spot disease. Furthermore, Takeuchi (1931)
examined the diseased plant part, morphology, characteristics of growth on various culture media
and growth temperature of the causal fungus in detail and validated the descriptions made by Hara
(1925). After that, Hara (1960, 1961) described that the name of Phoma citricarpa should be
corrected as Phoma erratica (Ell. et Ev.) Hara var. mikan Hara because Phoma ctricarpa is the
Australian strain and has never been in Japan, and therefore the causal agent of "Kokuhan—byo"
(Phoma rot of Citrus) is not a variety of Phoma citricarpa but an another Phoma species.

As well, the name of foreign citrus black spot fungus was changed to Guignardia citricarpa

Kiely for the reason of detection of the perfect state of the fungus on fallen host leaves.



"Kokuhan—-byo" occurs on fruits during the middle to later stage of the storage of host fruits.
Usually, the occurrence of this disease is lower than other diseases. However, if the fruit suffers
from frost damage before harvest or is kept under overdrying condition during storage, the
occurence of the disease increases. At first, the causal fungus is immersed in the infected pericarp
tissue during the fruit growth and then the disease occurs on account of physiological change
during the time of storage. The infected fruit surface shrivels as if it loses its water content, turns
yellowish brown, and eventually turns black and dry rotten. Black pastules (pycnidia) are formed
on such as the diseased fruit upper surface. Pycnidia are black, globose, 80—130 X 100-150 um.
Conidia have two different types, one is hyaline, unicellular, elliptic to globose, 8-12 X 6 pum,
and the other is smaller than the former.

The disease also occurs on leaves. At first, water—soaked, obscure outlined lesion are formed,
but later, the lesion becomes circular, dirty to grayish brown and pycnidia are formed on the
lesion. The disease occurs in autumn and defoliates in spring.

The fungus grows at 11-33 deg C. The range of the temperature is lower than that of Phoma
citricarpa which grows at 15-38 deg C.

LITERATURE

1) Calavan, E. C. (1960) : Black spot of Citrus. Cal. Citrogr. 4 (18):20-24.

2) Hara, K. (1916) : Diseases of fruit trees (Kaju-byogai-ron). Nihon-Kankitsu-Kai,
Shizuoka:259-261.

3) Hara, K. (1921) : Overviews of Plant Diseases in Shizuoka—pref. Trans. Shizuoka Agr.
Farm.' Assoc. 283:35. (in Japanese)

4) Hara, K. (1925) : Manual of crop diseases (Jitsuyo—sakumotsu—byorigaku). Yokendo,
Tokyo: 324. (in Japanese)

5) Hara, K. (1960) : Phoma rot (Kokuhan-byo) of Citrus. Ann. Phytopathol. Soc. Japan 25(5) :
225. (in Japanese)

6) Hara, K. (1961) : Overviews of Citrus Diseases — Phoma rot (Kokuhan-byo) of Citrus.
Plant Prot. 15(6):265-266. (in Japanese)

7) Hori, S. (1913) : Proper time of preventing deciduous diseases of Citrus. Fruit Tree (Kaju)
123: 20-21. (in Japanese)

8) Kiely, T. B. (1949) : Preliminary studies on Guignardia citricarpa n. sp.: the ascigerous
stage of Phoma citricarpa McAlp. and its relation to black spot of Citrus. Proc. Linnnean
Soc., N. S. W. Sci. Bull,, Dept. Agric. N. S. W., 71 : 88pp (in Calavan, E. C., 1960) .

9) Kodaira, T. & Sato, T. (1938) : Infection period of Citrus black spot fungus. J. Plant Prot.
25(10):766-770. (in Japanese)

10) Lee, H. A. (1920) : Black spot of Citrus fruits caused by Phoma citricarpa McAlp.. Phill.
Jour. Sci. 17(6) : 635-641.

11) Lee, H. A. and Soga, Y. (1920) : Kokuten-byo of Citrus fruits. Nichi-en—zatsu 32 (11):7-
14. (in Japanese)



12) Nishida, T. (1914) : Citrus diseases and their control. Suuzando : 69-71. (in Japanese)

13) Sawada, K. (1935) : Occurence and spread of Citrus black spot (1). The Formosan
agricultural review 31(7):632-643. (in Japanese)

14) Sawada, K. (1935) : Occurence and spread of Citrus black spot (2). The Formosan
agricultural review 31(7):712-730. (in Japanese)

15) Sueda, H. (1941) : Experimental Research for parasitism of Citrus black spot fungus. Trans.
Taiwan Nat. Hist. Soc. (in Japanese)

16) Soga, Y. (1920) : Black spot of Citrus fruit (1). J. Plant Prot. 7:519-526. (in Japanese)

17) Soga, Y. (1920) : Black spot of Citrus fruit (2). J. Plant Prot. 7:567-571. (in Japanese)

18) Takeuchi, H. (1931) : Causal fungus of "Kurohoshi-byo" in Japan 1. J. Plant Prot. 18:40-
43. (in Japanese)

19) Takeuchi, H. (1931) : Causal fungus of "Kurohoshi-byo" in Japan 2. J. Plant Prot. 18:112-
116. (in Japanese)

20) Takeuchi, H. (1931) : Causal fungus of "Kurohoshi-byo" in Japan 3. J. Plant Prot. 18:202-
206. (in Japanese)

21) Takeuchi, H. (1931) : Strains about the causal fungus of "Kurohoshi-byo" of Unshu
mandarin. J. Plant Prot. 18:319-328. (in Japanese)

24) Tokunaga, Y. (1940) : Infection period of Citrus black spot fungus to the fruit. The
Formosan agricultural review 36 (5):491-497. (in Japanese)

23) Tokunaga, Y., Yokohama, M. (1955) : Latent infections associated with some fruit diseases.
in Tochinai-Hukushi—Kinen—-Ronbun—-Shu : 249-254.



	Japan's formal objection
	1 Sutton et al(1966)
	2 EPPO Data Sheets(2013)
	3 EPPO database(2013)
	4 Hara(1960)English
	4 Hara（1960)
	5 Hara(1961)English
	5 Hara（1961）
	6 Kitajima（1989）
	6 Kitajima（1989)English

