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HAFN254E (1950) #k, FEOXLE, LEAETCRWT Vhws “frosty mildew” §FEika B4
BA=T I DFELFERLIC TORINAFF, BERS IOEHRCORVHSh, hxt=r
NIDBELFEATNVICBEEREL TnD 2 dbholk, TRETDL LS, THRIABEER
2HS, RN RO T LW DTH S50, RV I OBEBREFCH, F 2 LS AEERI SIS
%o

AIREATEREED Cercosporella i X5 HDTH B2 b LWHTRORE, WEE LRV a5
FUER Sphaerulina ¥, = Cercosporella B D REIREA{EIILAE X v, Sphaerulina k. Cercospore-
lla HOFEEKRTEH D 2 &bk,

AL OFIRECOWT, & U URFEOE, AFEs JOFEECESL R TTOoREE
5’%&3%%@&?&2%@?, BEABEIKRLCKOLDEE L BN ADT, zhu Sphaerulina juglandis
Sp. nov. r@&T AT LiClT,

ARFAEEMT 2 CH D ERLBIE LR VWi, REEESEALES X S ERERICE)
FENeFBEERCLHDEHOELYET S, '

REBEIUCEH

MHDFEHR 7 B EACED b, BEoKD 2 bchF THEEIFCEZCH bbb, chic ko
TR T 5 2 202’ BRERRSEET 20 CERIAEIN, chidfFcERicsvw
L\,

FUHEORMCEANE L L TH Db, DV THE~FREL D, Rkl URE~RKER
TEHE L0, Frol UREEARCIKRIROBEaR 22T, WEIHCK VW, EOEmCIIZ
LA EZNHFTD BIIR,

IO ORMEERE DICEREH X 3 IikBic iz, akliFe LOREREAL CERKAD,
FEORIAPERROBEM TRELND L 035 %. RF LI BINERERZE L UN CRIICELE
4% (Plate 1),

REEO® X

HFN25% L O264E10 A, ITRIRIR BN B TREL o4 =7 v L OFER R L, Foit

Q) BAMBE-AFEE (2 RESHARERTRZR
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CEW L IR T, BEHOEBHEL L b,

128 HACs VT TR, REELODSERTOIRE AL RBSREFENELL, BEDL1~3 Atk
spermatia # 73 % spermogonium MAEBICEK IS, spermogonium D% { XFEERICAEL,
ERRBEUSNOEFC DRI NG o '

FEZCIATA 5L OBEEIEZDONLNTEL Aok s 0o 5B b, FERT
136 AW Ic O TlRIAT 5, DB Sphaerulina BO¥HE%E X Lisx T35, AFDH—IX
FERI NG TERTFC I BDLEHE2BNS,

REEOEENEE

L. & S
FHEIF L FEIETF 2 OABEOMBE R 2 oo Tiohb b F OB 2 BHEEAE Y HinL,
ThE 2% 7 FUBERRCRYD, RTOFEFL FOCHIUERLTOR, 2FCTERET2L0HER,
MARFEED/ N 22 P Y ILOSONHCDOD, Zhrb2%7 ¥ UiER Lic FRERT 2% T IS,
T QBB CRIFTRIE T2 DR EE 2 72, '

2. EEFOHE
BEORE H—-SERTHAOHRLAHBEORER LD GEXLLTEY, 25°C, 11 Bf#kict
DEERRDL 10mm CETH{DNWTHD, HBERRPHREL CMI2H0, EHEEEXZELTHLD
YEERBSHZVWAAT T Y 7OEBC I TWS, PHEREC X2C, COHEERIERTOENRTH
Bz Libhok (Plate 2, A, b).

2 1 BRI, MEREREICL D, ZORERS TLHADORHERIC Lo Tkksbh s (Plate 2,4,
2), WEERHOTPEAIML T 24 OFEHEL, FHORELZ L LRET, ZOWMICEIERTFHRS
Eobis, ThICKLT, HENBRSEOGEREIITREL by (Textfigs 1, 2), ¥4
H: g F¥ L OF spermogonium & MET B,

TERT OREEE OB BRIERTH»SOBEHELELDRICE W TIL—HT 5,

BREREEEFCHIIARORE SHRTR XU TFERTOMREREE, D, HEOIFEZVLLN
5 RFEREFRCHRL CHEORBTIREL L bt Ml BHENER, 2%7 F o BEER,
$Z%E R, RICHARDS [K3EX, CZAPEK K2R, WAKSMAN RIER, S 4 vFR, 7 3 ENHE
KI5 XOFZATHEVIERO IR L,

FOFER, BHEIR, EihER, RICHARDS K3EX, CZAPEK [KJZK, WAKSMAN KIEXL X
OF ZAFF vERCH W CRIFARE R Leds, 2CRL T2 % FUBIER, 74 4 v ERB L0 7
Y ERH IR CRREER R TS DR, T, Corcosporella IsROAAEIT 50Ttk e Sphaerulin
AR D FEIT 22 b OB ORICIREH Fd B vinh D7z (Table 1~Table 2) (Plate 2, B),

BEORBLHKEBTEEOHLE ~t ) MEC I BHEEX 2 FMAL CEREITOR, A0~
28°CT L RHL, MERER 25°C, E, BEELhEh 1°C 510 28°C TH% (Table 3~
“Table 4) (Plate 5, A),

HEORBLCHERKBIKRAFVBREOLE <t Mk BHELXRCIOTLORHERCL 5L
KEA A VBEIAHORBCH L THE LM EELRS XT3 WA, PH 5.6~6 2ED X 5 TH 5
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(Table 5) (Plate 5, B),
3. EBEEFCHILIERTFOLK
%%K%h01%$w%®§ﬂﬁn%b<%ﬁb,@%ﬁ%mm%ld¢ﬁmw#b%ﬁﬁéﬁﬁéﬁ
B RFENERT DL ELRMELZECLODBEL, PR TRFEORMMREEAL G c2rby
ERTAHET 5. FERTRELLEERY R YO TREL, DWTHERTERET 2 2 W5 IEF%
D22 L THBEODEREFOERNS B, Ik WA/ L TR/ sbiy Th b L
20 THER R RV ERT L FRE TR E» SO L TE W aIkEL 23 5 (Text-figs. 3,4,5)
BEEFEELICRIZSERFOER LLIMOERERL LRI 2 DERTORRIEE % ks
DL, TNRHEORBERCISIEFL V., 2%7 FyBEEREZO LT FROEERCIS W TH 4
FT ORI, RIRkAERIFTH S (Table 6),
SERFOERICE LB TEEORE RBHEXRZMHEMAL T OLEBRMRT 1~28°C KR\ TH
ERFOFE I, 156~28°C THicRiFCTH 5 (Table 7),
DEBRFORKCHEKIZTREAFVEEOLE KFEA 4 VvBERIERTORRCKE LEELYS
JEFT &<, PH 4.2~7.6 ICBW T XI5 2%, PH 3.4 TRIEKAETH % (Table 5),
4. SHERFORF
SERTR2 %7 ¥ UERER 25°C THRISHWNCRIT T 5, BFOSMBERETVWLUBLIERTS
b bR D, A THNHIRES LR RMMEs bREFELHR T, LarLTXTofks: b
BHEXERTH LR EINTLIRTFLL 3~4KDH A E DL %W (Text-fig. 3),
LEEEEFCHRIRDERFORE 2%7 FyBER, 2 ZHREKIERE LU 7 v L ERHIER B
T 5 RFINEE 25°COERTL b ke, HRBERRSERTLEMERL OO L TERTLL
D22LL, WIFhbBEHEFER BRI BT 2 ML, BRIVWINOERERE ETLRkE
ol BEFARSA7 L, FHFRIZ 80~90% % h Fx e (Table 8),
SERFORFLFLBHEMEOBR LEE—OHELC LOTL bRICKER, SERTR 2~4 KT
SRR L, 24 RIRICIEFEZFRIOBLL LicEL 7= (Table 9)
SFERTFORFLCELBITEEORE 2 BKEKERBICF 2 ZWEARLFERL (EREToORE
5, 8~35°CTHIFL, B 20~28°CTHRIFXREIFTtH ok (Table 11~Table 12),
FERFORFICEXBIKREAFTVEEOHXE Van Tieghem cell ¥, KL XOTL b7k
Tk, BIFIKFEA A vBECEEINS 223k, PH 2~9.6 OEVWHifichicoTHEDE
Nie2d pH 6 [axEE $5b00 L5 TH5 (Table 13),
SFERFORFICHERETHREEOKE HHOBMIKIER L FHT 5 HEe Lo TEBRECER
MELTAML 7o EERAERIBIGETE 100 FICHs VT BIHLAUL TRREET 250 b TT
{70, FIRELUT TORFIXEORLLEDLNA, DO (Table 14),
5. FERFORF
FEBEFEED L EEIGHCRFLBIB L, 4R 100% 0RERLRT, s, B
DIREBEDERTOHEL TbH»TX T35 (Text-fig. 6),
FERFORFCHISTEEOHRE MLUREDIFE2 VNEONEIC OO TCTHMT % 2 %%
WARERCHTIRCOD, HEOERMBMTHA L24IMRIC ZREC KT 5 FBEREBE L S~ T35
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TaTHFORCHEREE 22°C & 25°C @lifich b, 3°C HEXRERETLHOD XS T, SERT
DFEIFL 2 30°CH L TF 35°Cless W TR TR T OIS bhnpofe (Table 15),

FERTORFICHEXETKEAFTVBEOHE 2~THEMKEREMEML UToERC LS L,
FFORFICE IFTKREA A VBECHERIWBUS LW DTS, PH 6.2 fHEThic BRT
LR RFILEETH DR (Table 16),

FEORERME

AEOKRFIAB ST 5 edic, BEChieo T A TERRRLTOR,

1L JLERCHTHERERR

FARI264F. (1951) #HF~FKIC, A= w3, CAT VIR LTV F /700 3FcoOWTHEERRYE
il 7ze

£E—1 6 A18HI, Cercosporella RO HERTH bIBEL LEHE S by, WHBHEEEIC X o,
B IBHEL HILRRETR L, BRWEA =7V I8 IO ATV TRIB~2IH, vF I TNV
TR 21~258 TtdH ok (Table 17) (Plate 2, C, D),

EE—2 Cercosporella WilROFET O L Bk E Sphaerulina WSRO TFERTH D OHE
D 2 0%, EERE—HKRIC X2TI RISRICEML o, FREW-FIOBIEC H 1A 5 5 IR TE
BRI, B Eicik Cercosporelle DA T ¥ XU DETFESRT L L RZD LN, ARHHEH
FROMICIRFEMDOER EF ok i Dle, TOERICBNTHYF /7 v i COBRNRA=T vy, &
ATV ICHRTRRPRWAERE/R LI (Table 18) (Plate 3),

2. WAWABHEICHY IERER

AHOHFEHEE L L DB edic, TV IfErbaD T, 158, 198, 8oL CEERR
7O, AEBIHETI27THE (1952) & F284 (1953) o 2 |, HEFHEMEEIC Lo TEML o, HHABRE
BIRDO LBV THS,

AF2Y, TE=2IY~TXIF TV, VE=Fa (FINFR), A=V, CXTNVY, VF TNV,
XAV, XVXTYV, N F, ITAVA, TAAY, IXX¥, AvY, VIRV, IF T, TLIH,
TXF, AVS, NVYTVRT, ATV, BEIVARARIFZYT, vany, =xT7HVT, YNV, <% E,
IR¥, TAX, AT A,

EBHREDL DL, ATV VLT OIEREEZRL, MoT<COBEA BT Eor
z & psbasote (Table 19~Table 20),

FHEOEELFE

CIECTHRANTRLERERL DA T, B LD Cercosporella »FEHE LD Sphaerulina OFIMEE
AR ILRIT FEDOL I, TIC Sphaerulina 1. Cerecosporella D& RTHD, Fho
NELHCABOREETH 5 & W S MR A BTN BT TH S,

DA ED I IR 2 TBBRARME R, IO LO/EFNFHRICI NG ZLicT s,

1. Cercosporella it
TEREL L THFEORIANCAL, ThefMiliT sl E A CEE, TROBERR 55~714, 5



ISR O BE MR E B3 BTHIE—IV (IR « /1E) — 41 —

BETHEGTEES DHIRICEM L TEYS 5 Wikb iy, &< T, ke, TORF X 32~68%3
~5u, SFENITRIE S 50k, IbckE, FRcHE, BEREEL CER, 1~10 Oy E
LHEHME L, K& X 32~68x3~54 (Table 21, Text-fig. 7),

INETINIBICTIK I e Cercosporella IR E 0 RV I, FEfHFnb 0 & LTk Cer-
cospora juglandis KELL.et SAW. 2% 5, Ui L, ZHRSEFERSICSHEBEFOR, B, K&X
HBHT, AELIXEORLFETHS,

ZHEOBMARCTCH I e Cercosporella BEARDE BV EMB 5, T C. Evonymis ERIKSS.—

Euonymus, C. pirina ELL. et EV.—Pirus, C. prolificans (ELL. et EV.) SAcC. —Sambucus, C. ul-
micola v. HOHNEL—Ulmus, C. Aceris DEARN. et BARTH. —Acer, C. Alni DEARN. et BARTH.
—Alnns, C. Mori PECK—Morus, C. maculans (BERENG.) WOLF = Mycosphaerella Mori (FUCKEL)
WOLF—Morus, C. arachnoidea WOLF= Mycosphaerella arachnoidea WOLF—Morus, C. rubi
(WINTER) PLAKIDAS—Rubus, C. persica SACC. = Mvcosphaerella persica HIGGINS et WOLF—
Prunus, C. Caryigena (ELL. et EV.)=Mycosphaerella caryigena DESM. et COLE—Carya, C.
theae PETCH=Calonectria theae 1L.0OS—Thea.

LedFreb o5 b v IFHCBT 50 vicHFHET 5 C. caryigena FIPHEENCEE DR & FAGE
SN, LHEFELOHRAHIVvERIRWC L, BLWY C caryigena ORI Mycosphaerella
THHZENBLTHEOBDEDRL GETH S,

ZDEPWITROE S TEBE LR EMECRs W TAE E —H L b,

2. Spermogonium K

FRHEEOERICIEKR I 5 spermogonium (XE K 65~1134, JE¥K D spermatia %415, spermatia

FEORFEHF LA\ (Table 22) (Plate 4,A, B),
3. Sphaerulina Ef

FEZIFEL U GELAEERFRCERIN, ToHEicik spermogonium & ORFINEETH S,

FEBEIE R EE, BRI, DB, REX 99~118X71~992, FRRMEBRIKNEE, WiTH
<, fiakE, 8MOTEMTA2ES, KEX 43~56%x8~94, TR TIL 2~3 Flicier, HEIRS
R ThTFrEHL, BV T Ths o &L, 3~TOMKEEL, KA, K&FX 24~35%X3~
4 (Table 23) (Plate 4, C~G; Text-fig. 8),

ZELBL bARERANTRI VI BICFET S Sphaerulina 3 5HHITRY S A
AP RI S e Sphaeruling BEEE ST 5 LIRO LB THD (Table 24),

S. myriadea (DC.) SACC.—Quercus s X% Fagus, S. serograpta (DURR. et MONT.) SACC. —
Quercus, S. fraxinea SACC. et SPEG. —Fraxinus, S. intermixta (B.et BR.) SACC. —Rubus, S.
camelliae PASS.—Camellia, S. phellogena D.SACC. —Acer, S.tilliaris FAUTR. et LAMB. —Tilia,
S. Pruni MCALP. — Prunus, S. Aucubae SHIRAI et HARA —Aucuba, S. Rubimoriforiae HARA —
Rubus, S. Fuji HARA—Kraunhia, S. Euptelaceae HARA—Euptella, S. Magnoliae-Kobusii HARA
—Magnolia, S.Rubi DEMAREE et WILCOX—Rubus.

B0 D BIBIBIIC A CARBICELIL TWw 5 Ok S. fraxinea TH %55, RE &+ A Y 2 (Fravinus)
L OREEEZRI Az 22D S, fraxinea LxHEL HDHETHS, TOMOED EPFHL
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CABEE D HDT, ThEAWYTHHERWRT &8 TERVy, ENCAREYRITHEO DL
22 % T Sphaerulina juglandis K. IT6 et T. KOBAYASHI, sp. nov. &35 2iclic,

1 L2

AR v L OFREFEMENR O, FL LU UREHEOEMRE, A, Ak OB EECoW T
ORHERMRE BB DTH S,

ABRRERTELEWEED Cercosporella 1T %5 HDTHHH, MARFEC R WL D FHE Sphaeru-
lina itz OFREMRTH B A I NI E LT SHEKRTEHOWM L Z 2 bIvsd 0T, Hikic Sphae-
rulina juglandis K. ITO et T. KOBAYASHI sp. nov. ¢ 414 L, EROTLETok,

AEEA=T VY, EAT VIR I RS, ATBERRBROMBRR, v/ 7 v icdbBboik
BRIEXH Db &ilbnolk, BRERA=V Ik It 1T v i cik 14~17TH, vF /T3
TRRAPELIT~2TE TH Ol RN BHMRBEIT Ok, AEEI VI DS OMEL 0B K
2ofe,

AR LD TRBIERERET 5 2 L7 s, BEIEERAREZIREELIIE T X5 T, chudl
CHARDHELC VB LD LW, BEEFTDLIAHIBEALTEAINTWRWAL, TRV OEEREL
LCERINDTHD,

Plate 1
A—D. Sphaerulina juglandis sp. nov. X b4 =27V I OHEMEERFHX 1
Plate 2
A—B. FERBGEE FiewiF s S. juglandis sp. nov. D
C. A= iwrds ALEMABER
D. bX7VUCHT H AR
Plate 3 A LEFERERER
A,B, A=7nw;C, eAXFNVI; D, vFIITNVI
Plate 4
A—B. S. juglandis D AR )WVET =T A
C—G. S. juglandis OTFHE%
Plate 5
S. juglandis W DREHECE JIFTHREDPE
B. S. juglandis BiORBCE XIFT pH 0%
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Notes on Some Leaf-Spot Diseases of Broadleaved Trees-1V.*
A new species of Sphaerulina

causing frosty mildew of walnut trees.

Kazuo IT6 and Takao KOBAYASHI

Introduction

In the autumn of 1950, several occurrences of a walnut foliage disease showing frosty
mildew in appearances first arrested the authors’ attention in Yamanashi and Yamagata
Prefectures. Since that time the same disease has also been observed in other districts
of Japan. The disease has not been of great severity but may become a problem in the
future.

The microscopic examination revealed that the disease was caused by a species of
Cercosporella. In the course of investigations the authors obtained an ascomycete belong-
ing to the genus Sphaerulina as the perfect stage of the Cercosporella.

The present work was undertaken to study this previously undescribed disease of
walnut trees with particular emphasis on the life history and parasitism of the pathogen.
After making a thorough study of the fungus and searching relevant literature for an
organism either identical with or similar to it, the authors have come to the conclusion
that it is a new species of Sphaerulina, and propose giving it the name Sphaerulina
juglandis sp. nov. A brief note on the preliminarly study was published by the authors
(IT6 & KOBAYASHI 1950)7.

Here the authors wish to express their indebtedness to Mr. Rokuya IMAZEKI, Chief
of the Forest Protection Division, of the Government Forest Experiment Station, under
whom this investigation has been carried out, for suggestions and encouragement during
its progress. And thanks are also extended to Mr. Michio NAKAGAWA for his kind-
ness in preparing the illustrations.

Symptoms and signs

Early symptoms of this disease generally appear as small brown spots on the upper
surface of leaves during the first week in July. At this stage, there is little if any
apparent discoloration when affected leaves are viewed from the under leaf surface.

As the disease progresses, these spots become grayish brown to light grayish brown,
round or oblong, 2~10mm in diameter, and surrounded by a broad watersoaked margin.

This disease is characterized by the presence of an effuse, white, powdery coating
on the lesion as if it is frosted.

In severe infections, the lesions commonly coalesce to form large necrotic areas, and
finally kill part or almost all of the leaf. The dead areas may become so large that the
leaves look as if they had been damaged from drought (Plate 1).

Serious damage occurs in late summer to mid-autumn, and the disease causes severe

defoliation with a consequent marked retardation in growth.

*

The third paper under this general title was published in Bull. Gov. For. Exp. Sta.,
92, 65~80, 1956.
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Overwintering of the fungus

In the latter part of October, 1950 and also 1951, numerous diseased leaves of Juglans
Sieboldiana which had been collected in Yamagata Prefecture and sent to Tokyo were
placed in wire baskets and left in the open tied to the branch of a small tree in order to
trace the development of the pathogen during the winter. Examinations of the stored
material were made at various times during the winter and spring.

In early December, almost all of the conidia of the Cercosporella which had remained
on the lesions of the fallen leaves disappeared. The spermogonia were actively discharg-
ing spermatia, when observed at intervals between January and March of the following
year. The spermogonia developed within the subepidermal stromata. These stromata were
observed bearing conidiophore bases on their exposed surface in some cases and in other
cases not. The spermogonia were often found on the area extending beyond the limits
occupied by the lesions. Repeated attempts to germinate the spermatia in various
nutrient solution have been unsuccessful.

Perithecia began their formation in middle November, but did not become sufficiently
differentiated to be recognized as perithecial primordia until January. The ascospores
matured in the middle of June and evidence pointed to the fact that they furnished the
chief primary inoculation of the diseass.  Morphological features of the fungus in the

ascigerous stage agreed well with the description for Sphaerulina SACC.
Physiological characters of the fungus

1. Isolation of the fungus

The fungus has been isolated in pure culture from both conidia and ascosporas.

Mono-conidial isolations were obtained by streaking water suspsnsions of spores on
2 per cent glucose agar in Petri dishes, adding a drop of 2 par cent agueous solution of
copper sulphate and transferring germinating single conidium to potato sucrose agar in
tubes (YOSHII 1933*®, IT6 & HOSAKA 19509).

Single ascospore isolates of the fungus were made by attaching pieces of the overwinter-
ed fallen leaf to the inside of the cover of a Petri dish containing acidified 2 per cent
glucose agar, so that ascospores could be ejected onto the agar. Germinating ascospores
were isolated singly and cultured on potato glucose agar in tubes.

2. Characters in culture

Development of the fungus colonies started from single spore The colonies started
from single conidium, grow very slowly and become about 10 mm in diameter at the end
of 1 month’s culture at 25°C. In the macroscopic appzsarances these colonies are elevat-
ed, rugged, and light yellow, resembling those of yeasts or bacteria. Under the micro-
scope these colonies are found to be conidial masses.

Colonies cultured for about 2 months at 25°C are dark green in color and coveresd
sparsely with white aerial mycelium. Aerial hyphae in supearficial parts are slender, 24
in width, many septate, hyaline and lack in conidium, while inner parts of the colonies
are made of numerous chlamydospore-like bodies, greenish brown in color, and conidia,
accompanying spermogonia filled with spermatia (Plate 2, A, B ; Text-figs. 1,2).

Characteristics of the colonies started from single ascospore are much accordant with

those from single conidium in many respects.
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Text-fig. 2 Germination of chlamydo-

Text-fig. 1 Chlamydospore-like bodies of spore-like bodies of Sphaerulina
Sphaerulina juglandis sp. nov. formed juglandis sp. nov. on 2 per cent
on 2 per cent glucose agar (—=104). sucrose agar (—=104).

Fungus growth on various agar media The isolates from both conidium and asco-
spore were cultured on potato sucrose agar plates respectively, and the small bits of
colonies were used as inocula. The fungus was cultured on the following agar media:
potato sucrose agar *!, 2 per cent glucose agar*?, SAITO’s soy agar*3, RICHARDS’ solution
agar*t, CZAPEK’s solution agar*’, WAKSMAN’s solution agar*6, bouillon agar*’, walnut

leaf decoction agar*8, and asparagine agar*.

*1  Distilled water 1 [, potato 200g, sucrose 20g, agar-agar 25g.

*2  Distilled water 1 I, glucose 20g, agar-agar 25g.

*3  Distilled water 850cc, onion decoction 100 cc, Japanese soy 50cc, sucrose 50g,agar-
agar 25g.

*¢  Distilled water 1 I/, KNO; 10g, KH, PO, 5¢, MgSO, - 7TH.O 2.5g, sucrose 50g, agar-
agar 25g.

*  Distilled water 1 [, MgSO, - 7H,O 0.5g, K.HPO, 1g, KCI 0.5g, NaNO; 2g, sucrose
30g, FeSO, 0.01g, agar-agar 25g.

*6  Distilled water 1 /, glucose 10g, peptone 5g, KH.PO, 1g, MgSO, - 7TH.O 0.5g, agar-
agar 25g. (pH 5.6)

*1 Distilled water 1 /, peptone 10g, meat extract 10g, NaCl 5g, agar-agar 25g.

#8  Distilled water 1 /, walnut leaves 100g, sucrose 20g, agar-agar 25g.

*  Distilled water 1 /, K;HPO, 5g, asparagine 2.5g, MgSO,.7H,O 0.2g, sucrose 10g,
agar-agar 25g.
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In macroscopic appearances of the colonies on various agar media, there were no
differences between the isolate from conidium and that from ascospore.

Diameters of colonies originated from both conidium and ascospore on agar media
noted above were measured at various intervals. Results of the measurement for the

fungus colonies kept at 25°C are presented in tables 1—2.

Table 1. Mycelial growth of S. juglandis on various agar media—1.
Diameter of mycelial colony (mm)
Agar medium Isolate Period lapsed (day)
7 15 29 45 85 127
Potato sucrose Cercosporella 6 22 35 39 45 47
agar Sphaerulina 6 18 35 39 45 45
2 % glucose Cercosporella 3 6 10 15 23 29
agar Sphaerulina 2 5 8 12 20 26
SAITO’s soy Cercosporella 3 12 19 33 39 45
agar Sphaerulina 3 14 20 29 39 4]
RICHARDS' sol. Cercosporella 2 13 21 34 40
agar Sphaerulina 2 10 18 32 37
CZAPEK’S sol. Cercosporella 3 11 16 24 32 41
agar Sphaerulina 2 9 15 23 34 40
WAKSMAN’S sol. Cercosporella 3 9 21 28 35 38
agar Sphaerulina 3 10 23 31 38 40
Bouillon Cercosporella 3 T 9 11 11 12
agar Sphaerulina 2 7 7 11 11 12
Walnut decoct, Cercosporella — 5 11 16 24 27
agar Sphaerulina — — — — _ _
Asparagine Cercosporella 4 13 29 42 43 43
agar Sphaerulina 3 13 31 40 42 42
Table 2. Myecelial growth of S. juglandis on various agar media—2.
Diameter of colony (mm)
Agar medium Isolate Period lapsed (day)
12 27 46 81 123
Potato sucrose Cercosporella 10 15 20 26 38
agar Sphaerulina 11 16 21 - 29 36
29 glucose Cercosporella 5 6 11 21 32
agar Sphaerulina 4 7 13 19 28
SAITO’s soy Cercosporella 8 17 27 37 49
agar Sphaerulina 8 17 26 36 45
RICHARDS' sol. Cercosporella 6 11 21 29 35
agar Sphaerulina 6 10 17 27 38
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Table 2. Mycelial growth of S. juglandis on various agar media—2. (Continued)
Diameter of colony (mm)
Agar media Isolate Reriod lapsed (day)
12| 27 ] 46 8l [ 123

CZAPEK'’s sol. Cercosporella 5 10 18 26 38
agar Sphaerulina 6 8 15 23 35
WAKSMAN’s sol. Cercosporella 8 13 26 37 4]
agar Sphaerulina 7 14 25 34 37
Bouillon Cercosporella 6 T 9 9 9
agar Sphaerulina 4 6 10 10 10
Walnut decoct. Cercosporella 8 10 16 22 27
agar Sphaerulina + 10 14 18 23
Asparagine Cercosporella 7 11 17 25 36
agar Sphaerulina 7 12 20 28 38

It is apparent from data in tables 1—2 that the fungus grows well on potato sucrose
agar, SAITO’s soy agar, RICHARDS’ solution agar, CZAPEK’s solution agar, WAKSMAN’s
solution agar and asparagine agar, while sparsely on the other agar media.

Effect of temperatures on the fungus growth The relation of temperature to the
growth of the fungus was tested by plate culture method using potato sucrose agar. For
inocula, bits of the colonies originated from each of conidium and ascospore were transplanted
to the centre of each plate. Diameter of the colonies at each temperature measured and

averaged after the experimental periods are given in tables 3—4.

‘Table 3. Effect of temperatures on mycelial growth of

S. jnglandis—1. (on potato sucrose agar).

Diameter of colony (mm)
Temperature (°C) Isolate Peried lapsed (day)

7 | 19 l 3g 64
1 Cercosporella — 7 9 10
S phaerulina — T 9 11
4~ 6 Cercosporella 4 9 13 16
S phaerulina 4 9 12 15
9~ 11 Cercosporella 4 11 15 20
Sphaerulina 5 11 15 19
15 Cercosporella 9 13 21 31
Sphaerulina 9 14 20 28
20 Cercosporella 9 20 26 38
Sphaerulina 8 16 23 35
o5 Cercosporella 10 16 26 37
Sphaerulina 10 17 25 34
8 Cercosporella 4 8 14 16
Sphaerulina 3 8 12 16
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Table 3. Effect of temperature on mycelial growth of

S. juglandis—1, (Continued)

, Diameter of colony ()
Temperature (°C) Isolate Period lapsed (day)

7 ‘ 19 ’ 3g | 64

30 Cercosporella — — _ _

S phaerulina — — — —

35 Cercosporella — — — —
Sphaerulina — — — _

40 Cercosporella — — — —
Sphaerulina — — — _

Table 4. Effet of temperatures on mycelial growth of

S. juglandis—2. (on potato sucrose agar).

Diam. of colony (mm)
Temperature (°C) Isolate Period lapsed (day)

9 27
—2~ 1 Cercosporella — —
S phaerulina —_ —

1 Cercosporella — +
Sphaerulina — +
4~ 5 Cercosporella 4 8
S phaerulina 4 8
11 ~ 13 Cercosporella 6 11
Sphaerulina . 6 10
16 ~ 18 Cercosporella 6 15
Sphaerulina 5 14
20 Cercosporella 12 30
Sphaerulina 8 29
25 Cercosporella 10 26
Sphaerulina 11 27
28 Cercosporella 7 10
Sphaerulina 8 13
30 Cercosporella — —
Sphaerulina — —

As shown in tables 3—4 the fungus grows favorably at the temperatures ranging from
10 to 28°C with an optimum at 25°C, and the maximum and minimum temperatures for
the growth are 1°C and 28°C, respectively (Plate 5, A).

Effect of H-ion concentrations on the fungus growth A range of pH value was
obtained by additions of regulated amounts of HCl or NaOH solution. The relation be-
tween H-ion concentration and the fungus growth was tested on potato sucrose agar.
The results of the experiment after 11 days at 25°C are presented in table 5.

From the data in table 5, it may be said that influence of H-ion concentration on
the growth is not generally remarkable, but the maximum growth lies at the pH wvalues
5.6~6 (Plate 5, B).
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Table 5. Effet of H-ion concentrations on mycelial growth and conidial
production of S. juglandis (after 11 days, at 25°C).

Diam. of mycelial | Degree of conidial
PH Isolate colony (mm) production
3.4 Cercosporella 10 ++
: S phaerulina 10 ++
4.9 Cercosporella 13 F 44+
: Sphaerulina 14 + 4+
4.6 Cercosporella 18 4+ 4+ ++
: S phaerulina 17 + 44+
5.6 Cercosporella 23 ++++ 4
' S phaerulina 19 +4++++
6.0 Cercosporella 23 + 44+ 4
’ S phaerulina 21 +4+++
6.6 Cercosporella 17 ++ 4+ 4+
I S phaerulina 17 4
7.0 Cercosporella 16 +++++
: Sphaerulina 15 +++++
7.4 Cercosporella 16 +++++
: S phaerulina 16 +4+4+++
7.6 Cercosporella 15 +++++
: Sphaerulina 15 +++++

5!

Text fig. 3 Germinating conidia of Sphaerulina juglandis sp. nov. (—=104).
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3. Conidial formation on media

Development of the conidiél formation starting from single conidium has been traced
under the microscope.

In germination each cell of conidium at first swells enormously and a germ tube
grows from the free end of each terminal cell as well as from some of the intermediate
cells. The germ tubes elongate, soon become septate and branch, and then swell
at the older cells, from which conidia are directly produced (Text-figs. 3, 4).

Conidial production on various agar media Bits of the fungus colonies isolated
originally from conidium and ascospore were transferred to nine kinds of agar media and
kept at 25°C. Results of the experiment are summarized in table 6.

Table 6 shows that the conidia are abundantly produced on all of the agar media used
except 2 per cent glucose agar, on which the conidial production is not favorable (Text-
fig. 5).

Text-fig. 4 Conidial formation of Sphaerulina juglandis
sp. nov. on potato sucrose agar (—=104).
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Table 6. Conidial production of S.juglandis on various agar media.
Degree of conidial production
Agar medium Isolate Experiment—1 Experiment—2
(after 15 days) (after 12 days)
Potato sucrose Cer cosporella +++++ . +4++++
agar Sphaerulina +++++ +++++
2 % glucose Cercosporella + + +++
agar Sphaerulina ++ +++
SAITO’s soy Cercosporella [ +4++++ +++++
agar Sphaerulina ‘ +++++ +4++++
RICHARS’ sol. Cercosporella +++++ +4++++
agar Sphaerulina +++++ +++++
CZAPEK’s sol. Cercosporella +++++ +++4++
agar Sphaerulina + +4+++ +4++++
WAKSMAN’s sol. Cercosporella ++ 4+ ++ +++ 4+
agar Sphaerulina +++++ +4++++
Bouillon Cercosporella +4++++ +++++
agar Sphaerulina + 4+ +++ ++++4+
Walnut leaf Cercosporella
decoct. agar Sphaerulina +++++ +++++
Asparagine Cercosporella + 4+ +++ +++++
agar Sphaerulina +++++ +++++

Conidial production at various temperatures Potato agar plates inoculated with

the fungus were placed in incubators regulated at desirable temperatures. Degree of

conidial production at each temperature obtained at the end of 19 days is presented in

table 7.

As shown in table 7, the conidia are produced at the temperatures ranging from 1 to
28°C, very favorably at 15~28°C.

Conidial production at various H-ion concentrations As shown in table 5, the

—_—

— 0

Text-fig. 5 Conidia of Sphaerulina
juglandis sp. nov. produced on

conidial production is not strikingly effected by the
change of H-ion concentration within the limits

studied, excepting at pH 3.4.

4. Germination of conidia
On 2 per cent glucose agar conidia of the
fungus germinate within several hours at 25°C.
In germination the conidia swell at each cell and

send out 3 or 4, rarely more,,germ tubes.

Germination on several kinds of agar media
Conidia of the two isolates which had been
produced on potato sucrose agar were used to test
the germinability on the following agar media:
two per cent glucose agar, 2 per cent plain

agar and walnut leaf decoction agar. Besides

potato sucrose agar (—=10#). the readings on germination, the lengths of the
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Table 7.
temperatures (after 19 days, on potato sucrose agar).

MERBLTTRE 9 %6 5

Conidial production of S. juglandis at various

Temperature (°C) Isolate Degree of conidial production
1 Cercosporella + +
Sphaerulina + +
4~ 6 Cercosporella + 4+ +
Sphaerulina ++ +
9~ 11 Cercosporella + 4+ +
Sphaerulina +++
15 Cercosporella ++ 4+ +
Sphaerulina +++++
20 Cercosporella + 4+ ++
Sphaerulina 4+ ++
25 Cercosporella + 444+
Sphaerulina ++ 4+ ++
o8 Cercosporella + 4+ ++
Sphaerulina 4+ ++
30 Cercosporella —
Sphaerulina —
35 Cercosporella —
Sphaerulina —
Table 8. Germination of S. juglandis on various agar-media
(after 20 hours at 25°C).
. Germination Maximum length
Isolate Agar medium percentage (%) of germ-tube (#)
2 % glucose ager 80 75
| 2 9% plain agar 87 137
Cercosporella walnut decoct. 91 100
agar*
2 % glucose agar 84 100
. 2 9% plain agar 84 125
Sphaerulina walnut decoct. 89 113
agar*

* Distilled water 1/, walnut leaves 100g, sucrose 20g, agar-agar 25g.

germ tubes were measured.

media tested, counting about 80 to 90 per cent.

Relation between germination and incubation period
the previous experiment, the relation of incubation period to germination of the conidia

Results obtained after 20 hours at 25°C are given in table 8.
From table 8, it is readily known that the conidia germinate equally well on all agar

By the same manner as in

was examined. Results of the experiment made at 25°C are presented in table 9.

As shown in table 9, the conidia begin to germinate within 2 to 4 hours, and germi-

nation is over 90 per cent in 24 hours.
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Table 9. Relation between conidial germination of S. juglandis
and incubation period (at 25°C).

Time passed (hour)
Agar medium Isolate |
2 4 | 8 12 24
. . G P (%) 1 13 94 90 96
Cercosporella ML G (/f) - - 53 75 153
2% plain agar
. G P (%29 2 15 94 93 9%
Sphaerulina MLG (2) - e 50 85 185
. . G P (%) 1 18 87 84 94
205 elucose Cercosporella MLG (4) - p 31 78 124
agar
. arli G P (%) 1 15 93 0 95
Sphaerulina ML G (#") - 15 35 6 148
. . G P (%) 2 6 91 92 95
Walnut Cercosporella MLG (%) - ° 2 o 157
decoction agar ;
. G P (%) 2 12 91 96 95
Sphaerulina MLG (2’) - - 3 % 131

Notes: GP.----- Germination percentage; MLG:------ Maximum length of germ-tube.

Relation between temperature and germination Drops of the conidial suspension
were placed on 2 per cent agar in water in Petri dishes and then all spores were incubat-
ed at the different temperatures. Besides the readings on germination, the lengths of
the germ tubes were measured after 20 hours at various temperatures. Results obtained
are given in table 10.

Another test was under-

Table 10. Effect of temperatures on germination taken with conidia of isolates
of conidia of S. juglandis—1. (after 3 . .
20 hrs. on 2% plain agar). which had been originally iso-

lated from conidium and asco-

Tem(pceg)ature g::cgﬁzggl(l%) Bﬁ?@?ﬁ’t&ﬁ?% spore. Two per cent sucrose
agar was used instead of 2 per
Ogl 8 - cent plain agar. Results of
12 ?2 5332 the experiment at the end of
20 85 125 20 hours are presented in
e = e tables 11 and 12.
30 T0 100 From tables 10—12, it may
Zg 8 _ be said the that range of tem-

perature within which germi-
nation takes place is from 8 to 35°C, with an optimum between 20 to 28°C.

Relation between H-ion concentration and germination Germination was tested by
Van Tieghem cell method using sterile distilled water. A range of pH value was obtained
by additions of regulated amounts of HCl or NaOH. Results of the experiment obtained
at the end of 20 hours at 25°C are briefly noted in table 13.

From table 13, it is to be inferred that germination of conidia is not strikingly effect-
ed by the change of H-ion concentration within the limits studied, but the optimum may
be probably obtained at pH 6 or near.
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Table 11. Effect of temperature on germination of conidia of
S. juglandis—2. (after 20 hrs. on 2% sucrose agar).
Germination Maximum length
Temperatue (°C) Isolate percentage of germ-tube
(%) (#)
0 Cercosporella 0 —
Sphaerulina 0
4 Cercosporella 0
Sphaerulina 0 —
12 Cercosporella 51 25
Sphaerulina 48 31
17 Cercosporella T4 69
Sphaerulina T3 63
20 Cercosporella 81 113
Sphaerulina 83 113
25 Cercosporella 82 150
Sphaerulina 83 149
28 Cercosporella 81 106
Sphaerulina 78 100
30 Cercosporella 53 19
S phaerulina 51 19
35 Cercosporella 10 —
Sphaerulina 8
40 Cercosporella 0
Sphaerulina 0 —
Table 12. Effect of temperature on germination of conidia of S. juglandis—3.

(after 20 hrs. on 2% sucrose agar).

Germination Maximum length
Temperature (°C) Isolate percentage of germ-tube
(%) »)

0 Cercosporella 0 —
Sphaerulina 0 —

4 Cercosporella 0 —
Sphaerulina 0 —

9 Cercosporella 53 38
Sphaerulina 60 44

e Cercosporella 59 69
S phaerulina 76 75

20 Cercosporella T6 81
Sphaerulina 81 94

25 Cercosporella 86 156
Sphaerulina 88 163

o8 Cercosporella T7 119
Sphaerulina 79 119

30 Cercosporella 61 69
Sphaerulina 62 63

35 Cercosporella 21 0
Sphaerulina 22 19

40 Cercosporella 0 0
Sphaerulina 0 0
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Table 13. Effect of H-ion concentrations on germination
of conidia of S. juglandis (after 20 hrs. at 25°C).

pH
2.0| 3.0| 4.0 5.0 6.0‘ 7.0x 8.0 9.0' 9.6
Germination percentage (%) 9 11 43 Tl 76 ’ 71 51 50 } 52
Max. length of germ-tube (&) 60 60| 106 | 138 | 188 ‘ 113 66 88 60
Relation between relative humidity and germination The effect of relative hu-

midity upon the germination of conidia were examined by the procedure reported in the

previous paper (IT6 & HOSAKA 1952%). Results of the experiment obtained after 40 hours
are presented in tab'e 14.

Table 14. Effect of relative humidities on germination of conidia of
S. juglandis (after 40 hrs.).
. Salt in over- Cercosporella-isolate S phaerulina-isolate
Relative saturated

humidity eous Germination Max. length Germination Max. length
%) agﬁl tiom percentage of germ-tube percentage of germ-tube

S (%) ) (%) (#)

100 Dist. water 41 100 65 138

98 K,SO, 21 38 40 88

94 KNO; 0 0 1 6

92 K,HPO, 0 0 0 0

87 KC1 0 0 0 0

It is evident from the data in table 14, that germination of the conidia is most favor-
able in a saturated atmosphere, and very sparse in 94 per cent humidity, while conidia
kept at 92 per cent humidity and below fail to germinate.

5. Germinatin of ascospore

Ascospores of the fungus germinate in several hours after liberation from an ascus,
and the percentage of germination in favorable conditions is 100 per cent or near in 14
hours. Mode of germination in ascospores closely resembles that in conidia (Text-fig. 6).

Relation between temperature and germination Ascospores were obtained by attaching
pieces of the overwintered fallen leaf to the inside of the cover of a Petri dish contain-
ing 2 per cent plain agar plate, so that ascospores could be ejected onto the agar. The
agar plates on which ascospores had been seeded were incubated at 3~5, 13, 18~20, 22,
25 and 30°C, respectively. Germination and length of germ tubes were examined after
24 hours.

The optimum temperature for ascospore germination lay between 22 to 25°C, and the
lower limit is somewhat below 3°C. It is noteworthy that ascospores did not germinate
at 30°C, while germination of conidia occurred at higher temperatures of 30 and 35°C.
Results of the experiment are briefly noted in table 15.

Relation between H-ion concentration and germination Plain agar medium (agar-
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Text-fig. 6 Germinating ascospores of Sphaerulina juglandis
Sp. nov. (—=104).

Table 15. Effect of temperatures on the germination of ascospores of
S. juglandis (on 2% glucose agar, after 24 hours).

Temperature (°C)

3~5 | 13 [18~2o| 22 | 25

Germination percentage (%) 31 ’ 66 } 100 ’ 100 98 .

Maximum length of germ-tube (#) 6 ’ 25 ‘ 63 ‘ 213 94
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agar 2~7 per cent) was titrated with HCl and NaOH to the following pH values; 3, 4, 5,
6, 7, 8 and 9. By the sterilization the pH value of the acidulated agar was slightly
raised, while that of the alkalized agar was lowered as follows: 3.6, 4.8,5.2,6.8,7.4,and
7.8, respectively. Ascospores which had been discharged by perithecium in overwintered
fallen leaf were seeded on agar plates. Results obtained at the end of 40 hours at 25°C
are presented in table 16.

Table 16. Effect of H-ion concentrations on germination of éscospores of
S. juglandis (after 40 hours at 25°C).

pH
3.6 | 48 | 52 | 62 | 68| 74| 1.8
Germination percentage (%) 80 91 96 94 ‘ 93 \ 100 79
Maximum length of germ-tube (%) 56 86 125 175 \ 144 , 125 | 106

‘Table 16 shows that influence of H-ion concentration on ascospore germination is not

remarkable, and the] optimum may be probably obtained at the exponent near pH 6.2,
judging from the germ-tube length.

Pathogenicity of the fungus

In order to make clear the pathogenicity of the fungus, a series of inoculation ex-

periments has been undertaken during the past several years.
1. Inoculation experiments to walnut trees

In the summer of 1951, the healthy seedlings of the following three kinds of walnut
trees, very common in Japan, were inoculated under greenhouse conditions: Juglans Sie-
boldiana (Oni-gurumi), J. Sieboldiana var. cordiformis(Hime-gurumi) and Shinano walnut
(Shinano-gurumi *).

Experiment—1. Mono-conidial isolate of the fungus was used as inoculum in this
experiment. On June 18, a spore suspension from pure cultures was atomized onto
leaves of the plants, and bell jars lined with absorbent cotton containing water were put
over the plants to maintain a humid atmosphere. The jars were removed after two days.
Check plants were similarly treated except that they were atomized with water instead of
spore suspension.

On the leaves of J. Sieboldiana, as well as J. Sieboldiana var. cordiformis spots be-
gan to appear 18 to 21 days after inoculation and enlarged rapidly. The appearances of
the inoculated plants were typical of the disease as observed under natural conditions.
Lesions on Shinano walnut appeared 21~25 days after inoculation.

Conidiophores and conidia typical of the Cercosporella were abundantly formed on the
lesions resulting from the inoculation, whereas all the check plants remained healthy.
Results of the experiment examined on July 21 are summarized in table 17.

It is evident from the data mentioned already and in table 17 that pathogenicity of

* The origin is obscure, but it may be a strain of Franquett.
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Table 17. Results of the inoculation experiment with the Cer»cosporella

isolate to three kinds of walnut trees (June 18~July 21, 1951)

. . Number of Number of Incubation
Segﬂémg Tree species Treatment . leaves leaves period
. inoculated infected (day)
1 22 22
2 24 24
3 Juglans Inoculated 24 24 21
4 Sieboldiana 20 20
> (Oni-gurumi) % s )
6 27 -0
7 Check 23 0
8 16 16
9 29 29
10 J. Sieboldiana Inoculated 24 22 18~21
1 var. cordiformis 24 24
12 (Hime-gurumi) 34 34
13 18 0
14 Check 29 0
15 18 18
16 34 34
17 Shinano Inoculated 18 6 21~25
18 walnut tree 18 5
19 (Shinano- 29 25
gurumi)
20 24 0
21 Check 15 0

the fungus to all of the walnut trees tested was determined by inoculation experiment,
though there were some differences 'in the incubation period among the kinds of walnut
trees. ‘

Experiment—2. On September 15, another inoculation experiment was performed
by the same method as in the previous experiment to three kinds of walnut trees. As
inocula, two cultures were used, namely: Isolate from single conidium of the Cerco-
sporella stage and that from single ascospore of the Sphaerulina stage.

Symptoms and signs induced by this experiment were quite similar to those obtained
in the previous test. Typical conidiophores and conidia were produced not only on the
leaves inoculated with the isolate from the Cercosporella, but also on those inoculated with
the isolate from the Sphaerulina. The length of the incubation period in Shinano walnut
tree was, also in this case, somewhat longer than that in the other two. All check
plants remained free from infection. Results of the experiment obtained on October 23
are briefly presented in table 18.

Mature perithecia of Sphaerulina usually have been found in the spring on artificially

inoculated leaves that had been left out of doors over the winter.
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Table 18. Results of the inoculation experiment with the Cercosporella
and the Sphaerulina isolates to three kinds of walnut trees
(Sept. 15~Oct. 23, 1951).
: Number of Number of Incubation
Se?\?émg Tree species Treatment leaves leaves period
- inoculated infected (day)
31 ‘ 71 71
Inoculated
32 (Cercosporella) | 64 64
33 \ _ _
14~17
1
34 ] ngtans 7 77
35 Sieboldiana SInoculated a8 58
Oni-gurumi (Sphaerulina)
56 | (Onigurumi 57 57
37 41 0
38 Check 30
39 46 46
Inoculated
40 (Cercosporella) 42 4z
1
* g uglans > i 14~17
42 e 40 40
43 cordi formis Inoculated
(Hime gurumi) (Sphaerulina) 40 40
44 8 78 J
45 35 0 )
46 Check . _
47 28 1
Inoculated
48 (Cercosporella) 24 18
49 56 23
Shinano Y 17~27
50 walnut tree I ated 72 12
Shinano- noculate
2 ¢ gurumi) | (Sphaerulina) 42 2
52 34 7
53 37 0
54 Check 23 0
2.

Inoculation experiment to various plants

Pathogenicity of the fungus to various plant species was tested by spraying seedlings

and stocks with sterile water suspensions of conidia from culture in the same manner as

in the previous experiments.

in 1952 and 1953 are briefly given in tables 19 and 20, respectively.

As has clearly been shown in tables 19—20, no evidence has yet been obtained that all

of the plant species except the genus Juglans can be infected by the fungus.

In this study, plants of 28 species, representing 19 genera

in 15 families, were inoculated with the fungus. Results of the two experiments made

It there-

fore seems clear that the fungus is selectively pathogenic toward walnut trees (Plate 2, C,

D: Plate 3, A, B, C, D).
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Table 19. Results of the inoculation experiments with S. juglandis to

various kinds of trees

(May 15~June 7, 1952).

Tree species

Pathogenicity
Scientific name Japanese name

Ginkgoaceae

Ginkgo biloba Icho —
Salicaceae -

Populus monilifera Monirihera-yamanarashi —

P. Simonii Shimoni-doro -
Juglandaceae

Juglans Sieboldiana Oni-gurumi +

J. Sieboldiana v. cordiformis Hime-gurumi +

Carya sp.
Betulaceae
Alnus firma v. Sieboldiana
A. japonica
Fagaceae
Lithocar pus edulis
Quercus acuta
. acutissima
. dentata
. myrsinaefolia
. serrata

DO D

. variabilis
Ulmaceae

Zelkowa serrata
Moraceae

Broussonetia kazinoki
Magnoliaceae

Liriodendron tulipifera

Magnolia praecocissima
Platanaceae

Platanus acerifolia
Leguminosae

Lespedeza bicolor v. japonica

Robinia pseudoacacia
Anacardiaceae

Rhus vernici flua
Celastraceae

Euonymus japonica
Theaceae

Camellia japonica
Cornaceae

Aucuba japonica
Oleaceae

Fraxinus japonica

Pekan

Yashabushi
Han-noki

Mateba-shii
Aka-gashi
Kunugi
Kashiwa
Shira-kashi
Konara
Abemaki
Keyaki

Kozo

Hantenboku
Kobushi

Momijiba-suzukake

Shiro-hagi
Nise-akashia

Urushi

Masaki

Tsubaki

Aoki

Toneriko
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Table 20. Results of the experiment with S. juglandis to
several kinds of trees (Aug. 8~Sept. 4, 1953).

Tree species

Scientifec name

Pathogenicity
Japanese name

Jugulans Sieboldiana
Juglans (“Shinano”—walnut)
Carya sp.

Robinia pseudoacacia
Euonymus japonica

Aucuba japonica

Fraxinus japonica

Oni-gurumi -
Shinano-gurumi +
Pekan -
Nise-akashia —
Masaki —
Aoki —
Toneriko —

Morphology and taxonomy of the fungus

From the foregoing presenting complete agreement in physiological and parasitological

characters of cultures isolated from conidia with those from ascospores, there can be no

doubt as to the genetic connection be-
tween these two stages. The conclusion
to be drawn is, therefore, thatthe Sphae-
rulina found on the overwintered leaves
is the perfect stage of the Cercosporella
as exists on the living leaves.

1. Conidial stage (Cercosporella)

Maculae epiphyllous, brown, circular
or irregular, with watersoaked borders,
in powdery tuft.

Stromatic mycelia hyaline aggregated
in the stomatal cavities, 55~ 71# in
diameter. Conidiophores differentiated
from the fruiting stroma, short, erect
or slightly curved, simple, hyaline, 32 ~
68 X 3 ~5u. Conidia, usually curved
or flexuous, sometimes straight, ob-
clavate, hyaline, 1 ~ 10 septate, distal
end round, contents homogeneous with
small globules in the larger cells, 32 ~68
X3 ~5u (Text-fig. 7).

Results of the measurement for the
fruit bodies on several kinds of walnut
trees are given in table 21.

As fungi causing foliage diseases of
Juglans many species belonging to Fungi
Imperfecti have been known as follows:
Phyllosticta juglandina SAcC., P. jug-

Text-fig. 7 Conidiophores and conidia of
Sphaerulina juglandis sp. nov. (—=104).
A, stroma and conidiophores; B, conidia.
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Table 21. Dimension of S. juglandis in the Cercosporella stage.
Diam. of Conidiophore Conidium
Host stroma Number
(&) Length Width Length Width of
(&) (») (») (#) septum
7. S{eboldiana Range 55~T1 21~32 2~3.2 32~55 2.5~4.5 3._10
(in nature) Average 62 25 2.5 4] 3.5 .
Ditto. Range | 43~71 | 11~16 | 2.5~3 | 40~68 | 2.5~3 | | o
By oacrlfg‘tfﬁ) Average| 57 14 2.7 53 2.7 |77
J. Sieb.ola’iaqa v. | Range 50~62 11~16 2.5~3 43~68 2.5~3 50
cor(%gotron;z S Average 56 13 2.7 53 2.6 -
“Shinan.o” walnut Range 56~T8 il~17 2.5~3 25~47 2.5~3 9k
(Ditto.) Average 61 14 2.6 33 3.1

landis (DC) SAcC., Ascochyta juglandis BOLTSH., Marssonia (Mayrssonina) juglandis (LIB.)
P. MAGN.= Gnomonia leptostyla (FR.) CES. et DE NOT., Cylindrosporium juglardis WOLF,
Phleospora cultimaculans HEALD et WOLF, Septoria juglandis B. et C.=Rhabdospora
juglandis (SCHW.) SAcCC., and Septogloeum juglandis HARA, etc.

Cercospora Juglandis KELL. et SAW., which was described on leaves of Jvglans nigra
in America, is quite different from the fungus under consideration in many respects
(SACCARDO 189219). Numerous Cercosporellae have been described on various woody
plants as follows: C: Ewvonymis ERIKSS. on Ewuonymus europae (SACCARDO 18821%), C.
tirina ELL. et EV. on Pirus coronariae (SACCARDO 1892¥). C. prolificans (ELL. et
EV.) SAcC. on Sambucus glauca (SACCARDO 18951%, 1900®), C. wulmicola v. HEHNEL on
Ulmus (SACCARDO 190618”), C. Aceris DEARN. et BARTH. on Acer macrophyllum
(DEARNESS 19170), C. Alni DEARN. et BARTH. on Alnus rubra (DEARNESS 1917V), C.
Mori PECK on Morus (WOLF 19362V, C. maculans (BERENG) WOLF = Mycosphaerella Mori
(FUCKEL) WOLF on Morus (WOLF 19362V), C. arachnoidea WOLF=Mycosphaerella
arachnoidea WOLF on Morus rubra (WOLF 19362P), C. rubi (WINTER) PLAKIDAS on Rubus
(PLAKIDAS 193710), C. persica SACC. = Mycosphaerella persica HIGGINS et WOLF on Prunus
(SACCARDO 1886!», TsSUJI 191920, HIGGINS & WOLF 19379), C. caryigena (ELL. et EV.)
HOHN.= Mycosphaerella caryigena DEM. et COLE on Carye (DEMAREE & COLE 1932%)
and C. theae PETCH=Calonectria theae 1.00S on Thea sinensis(PETCH 1923%, LOOS 1950%).
None of these fungi is accordant with the authors’ fungus in morphology and parasitism.

2. Spermogonial stage

An examination of the under surface of fallen leaves with a hand lens reveals

. . . numerous slightly raised black
Table 22. Dimension of spermogonium and )
. . A spots, the spermogonia. They
spermatium of S. jwglandis on the host plant(#). L
measure 65~113 # in diameter,

Spermogonium Spermatium and numerous spermatia, 2.8
~3.8%X0.4~0.7#, ooze out.

Height |Diameter| Length | Width
5 Attempts to induce germi-

0.4~0.7
0.6

2.8~3.8
3.3

65~113
80

Range 84~102
Average 89

nation of spermatia met with

consistent failure. Results of
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the measurement for spermogonia and spermatia are given in table 22 (Plate 4, A, B).
3. Perithecial stage (Sphaerulina)

The perithecia are present chiefly on the under surface of overwintered fallen leaves.
They are first noted among the spermogonia, and no means has been determined of
knowing which of these are destined to become spermogonia or perithecia when they are
young.

Perithecia scattered or in groups, globose, membranaceus, papillate, 99~118X71~99 #;
asci cylindrical clavate, rounded at the end, without paraphyses, 8-spored, 43~56X8~9
spores arranged in 2- or 3-rows, cylindric-fusiform, slightly curved, 3~7 septate, not
constricted at septum, hyaline, 24~35x3~4# (Plate 4, C, D, E, F, G; Text-fig. 8).

Results of the measurement for the fungus in the ascigerous stage are given in
table 23.

Table 23. Dimension of S. juglandis in the ascigerous stage.
Perithecium Ascus Ascospore

Host Height | Diame- VIdth | L ength | Width |Length | Width [NUIPer

Gy e @R @ | @ | @ | septam

J. Sieboldiana [R2DEe | 99~118/ T1~99 | 9~12 | 43~56 | 8~9 | 24~35 | 3~4 | ;
(June 15’°51) "‘E'age 107 83 11 52 8.8 27 3.8 ~
Ditto Range | 96~124| 78~99 | 8~12 | 43~56 | 9~12| 24~39 | 3~4 |
(June 23, 53) A";ge 101 91 10 48 9.8 | 30 3.2 | °7

So far as is known by the authors, there has been no account concerning the
occurrence of any species of Sphaerulina on members of the genus Juglans. Sphaerulinae
inhabiting woody plants which have been described by earlier investigators and their
morphological characteristics are summarized in table 24.

Among the fungi shown in table 24, S. fraxinea SACC. et SPEG. described on wilting

leaves of Fraxinus ornus closely resembles the fungus under consideration. However,

Text-fig. 8 Asci and ascospores of Sphaerulina juglandis sp. nov. (—=10&).




Table 24. Sphaerulinae inhabiting woody plants described hitherto by ealier workers.
Fungus and host Perithecium Ascus- Ascospore Author
S. wyriadea(DC.) SACC. aggregatis epiphyllis, subfusoides, 60 x6u distichis elongatis 3-septatis, utrinque acuti- SACCARDO
Quercus et Fagus innato-prominulis usculis, 30~35%x2~3n (1883) 10
—fallen leaf— 90~100# in diam.
S. serograpta (DURR. et hypophyllis, ovatis creberrimis, cylindricis, | 3~4-serialiter stipatis, fusiformi-cylindricis,
MONT) SACC. globosis, 200~2204 breviter, stipitatis leviter flexuosis, 3-septatis vix constrictis, SACCARDO
Quercus cocci ferae latis et altis 34~36 X 3¢ (1883)1>
—dry leaf—
S. fraxinea SACC. et hypophyllis, sparsis, fasciculatis cylindraceo- 2~ 3-stichis, cylindraceo-fusoideis, leniter SACCRDO
SPEG. Fraxinus ornus lenticulari-globulosis, clavulatis, 60X 9~104 curvulis, typice 3-septatis, quandoque 4~6- (1883)10
—wilting leaf— 1/8mm. diam. reptatis, 28~30x4u
S. intermixta (B.et BR.)| gregariis, leniti-cularibus| oblongo-clavatis 45~55 distichis, clavato-obpyriformibus, 16~18 x 6~8%,
SAccC. ambitu circularibus v. X 12~14z4. rectis v, curvulis, 3~4-septatis, ad septa leni- SACCARDO
Rubus fruticosa ovatis, 80~100# diam. brevissime stipitatis ter constrictis (1883)10
—bark— apice tunica
S. camelliae PASS. sparsis v. laxe gregariis, | cylindraceis, subclavatis, distichis, subfusoideis, 3-septatis, medio leniter SACCARDO
Camellia japonica globosis, tectis, atris, subssessilibus, constrictis, septo medio magnis distincto, (189118
—dry twig— ostiolo minuto vix emerso guttulatis, 17.5x5¢
. . latis, clavatis : . s it .
S. phellogena D. SACC. | laxe gregariis, innato- rosulatis, < 4 inaequaliter distichis, oblongo-clavulatis, 3-
Acer campestris erumpentibus, papillulatis, :uitc): 2%3%?%25?%‘?}?’75 septatis, raro 4, ad septum medium constric- SA 8‘;‘3&?‘8
—bark of twig— globulosis, 100~ 2004 diam.| >§)1 518y n 4 tis, apice rotundatis, 22~24 X84
S. tilliaris FAUTR. et epidermide velatis, piriformibus, 20~30X cumulatis, conico-truncatis, 4 septatis, septis SACCARDO
LAMB. Tilia sp. applanatis, irregularibus,| 20~22# constrictis, 18~20X5~T# (1900) 1
—twig— minutis
3 . is v. subcongestis e e e 1 . . .
S. Pruni MCALP. sparsis v. su ..> | breve stipitatis distichis, oblongo-ovatis, rectis, 3-septatis ad
; " erumpentibus, globosis, ; 2 4 g e L o SACCARDO
Amygdalis COMMUNLS ostiolo papillatis, 1202 oblongis, 45~50x 104 septa non constrictis, 15~16X4.5~5u (1905) 1>
—dead twig— di
iam.
S. Aucubae SHIRAI et scattered, immersed, clavate, cylindrical or arranged in 2-rows or obliquely I-seriate, SHIRAI
HARA globose or hemisphae- fusiform, rounded at fusiform, ellipticall or oblong, 2~3 septate, and
Aucuba japonica rical,papillate, 120~ 150 end, 40~80x 10~134, not constricted, 20~27 X 6~84 HARA
—leaf — x 120~ 1604. (1911)1®

et

B LA H )

-
¥

£ 96 #



fusiform or elliptical, acute in both direction,

S. Rubi-moriforiae HARA| scattered on both leaf cylindrical or clavate, ; HARA
Rubus Wrightii surfaces, globose or small stalked, rounded 3-septate, often constricted at septum, 15~ (1918)»
—fallen leaf— subglobose, papillate at end, 40~50x 15~184 18 x5~64
S. Fuji HARA scatgﬁzred 05 in s ugrfoug oblong-clavate or elliptical,| arranged in 2-rows, elliptical or fusiform,
Kraunhia floribunda var. O%ll fe ?nbere orrs?l(l:)- rounded at end, small straight or curved, 3-septate, containing oil HARA
typica globegsé gp‘;p‘;ls]ate o~ | stalked, 28~30X13~154 | drops, 12~15X2~3/ (1918)®
—fallen leaf— Tor diam.
; ’ scattered on the under . . arranged in 2-rows, fusiform or oblong, 3-
S E{; ""tp llilaceale H‘?I‘QA surface of leaf, globose, gﬁg}flgtcﬁ{oioflgg itleo’ septate, straight or slightly curved, usually not HARA
“p ;f ”a 14 01 J af" ra or subglobose, somewhat ;13 M ’ constricted at septum, rarely constricted, hya- (1918)»
—tallen leal— erumpent, 60~ 1004 diam. line or light yellow, 13~15x3~3.5x
S. Maqgnoli ae- Kobusii scattt;redmc:ire;ns ugrrf(;ég clavate or cylindrical, arranged in 2-rows, oblong or fusiform,round-
HARA O}’ lea? llobos o or sab. | rounded at end, small | edat both ends, 3-septate, not constricted at HARA
Maqgnolia praecocissima globoségpapillate stalked, 35~45XT7~9u septum, 24~2(?)0x4~54 (1918
— fallen leat— 50~804 diam.

S. rrbi DEMAREE et scattered or in groups, fasciculate, sessile, cylindrical, usually curved, pointed at both ends,

WILCOX E;Oslﬂy ITYPIO%}S’%’.](I)?;%- clavate -cylindrical, slightly more so at apex 6~8 celled, normally DEM‘EZREE
Rybus striqosi ac’l{f ioné%a;mol 86~ curved or straight, 49~ 4, hyaline, 32~78%x3.5~5. 84 WIL
—fallen leaf— papiliate, x TOX 10~ 154 COX

1204 (1943)®

Sphacrulina of scattered or in clusters,| cylindrical clavate, arranged in 2-or 3- rows, cylindric-fusiform,

the authors
Jrglans Sieboldiana
—fallen leaf—

globose,papillate,99~118
XTl~99u

round at end, 43~56 X
8~9u

slightly curved, not constricted at septum, 3~7
septate, 24~35x3~4u
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judging from the fact that the authors’ fungus did not infect Fraxinus, this is to be
treated as a different species from S. Fraxinea.

In view of the morphological features and the parasitism of the fungus, the authors
consider it a new species and propose the following name;

Sphaerulina juglandis K. IT6 et T. KOBAYASHI, sp. nov.

Syn. Cezrcosporella juglandis K. IT6 et T. KOBAYASHI, nom. nov.

Peritheciis sparsis vel gregariis, innato-erumpentibus, globosis, membranaceis, ostiolo
minuto papillutatis, 99~118X71~99 #; ascis cylindraceo-clavulatis, apice rotundatis,
aparaphysatis, octosporis, 43~56X8~9 4, sporidiis 2~3-stichis, cylindraceo-fusoideis,
leniter curvulis, ad septa non constrictis, 3~7-septatis, hyalinis, 24~35X3~4x.

Hab. in overwintered fallen leaf of Juglans Sieboldianz MAXIM. (Oni-gurumi) (June
15, 1951, Meguro, Tokyo, on the material collected at Kamabuchi, Yamagata Pref., on
Oct. 15, 1950, by K. ITd & T. KOBAYASHI*; June 23, 1953, Meguro, Tokyo, on the
material collected at Kamabuchi, Yamagata Pref., on June 23, 1952, by K. IT6; Oczt. 1,
1950, Nakano, Yamanashi Pref., by T. KOBAYASHI*?; Sept, 1952, Meguro, by T.
KOBAYASHI*; Sept. 21, 1953, Miyamura, Miyagi Pref., by K. IT6*%), and J. Sieboldiana
MAXIM. var. cordiformis MAKINO (Hime-gurumi) (Oct. 25, 1950, Imajuku, Saitama
Pref.,by T. KOBAYASHI*?).

Status conidicus: Statum conidicum Czrcosporella juglandis sistit. Maculis epiphyllis,
circularibus vel angulosis, brunneis, distincte marginatis, caespitulis, pulvereis albis;
conidiophoris brevis, simplicibus, hyalinis, 32~68%X3~5#; myceliis stromaticis hyalinis;
conidiis curvatis vel flexuosis, raro rectis, obclavatis, hyalinis, 1~10 septatis, 32~68X 3~5 .

Hab. in living leaf of Juglans Sieboldiana MAXM., J. Sieboldiana MAXM. var.
cordi formis MAKINO and Juglans sp.*3 (Shinano walnut).

Summary

The morphology, physiology, parasitology and cycle of developmeant of a fungus that
causes frosty mildew of walnut trees have been studied. The disease, as its namsz
indicates, is characterized by the presesnce of white, powdery patches on the leaves.

The investigations have shown that, in addition to the conidial stage, Cercosporella,
the pathogen produces spermogonia and perithecia on the fallen decaying leaves. The
perithecial stage matures in spring and belongs to the genus Sphaerulina. Genetic
relationship between Cercosporella and Sphaerulina has been verified by detailed experi-
ments. The artificial inoculation shows that the disease is apparently limited to species
and variety of the genus Juglans.

The fungus is considered to be a new species and it is accordingly given the name
Sphaerulina juglandis, sp. nov.

Laboratory of Forest Pathology,
Government Forest Experiment Station,

Meguro, Tokyo, Japan.

*1 The type specimen has been deposited in the Herbarium of the Government Forest
Experiment Station, Meguro, Tokyo, Japan.

*2 Cercosporella stage, only.

#*3 By artificial inoculation.
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Explanation of plates

Plate 1

A-B. Leaves of Juglans Sieboldiana (Oni-gurumi) attacked by Sphaerulina juglandis

sp. nov. collected in Yamanashi Pref. x 1.
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C-D. Leaves of J. Siedoliana attacked by S. juglandis sp. nov. collected in Yamagata
Pref. x 4.
Plate 2
A. Colonies of S. juglandis sp. nov. on potato sucrose agar. X 1. a, old culture
(aerial mycelium, present). b, young culture (aerial mycelium, absent).
B. Colonies of S. juglandis sp. nov. on 2 per cent glucose agar (a), and potato
sucrose agar (b,c). After 18 days at 20°C. x 4/5.
C. Results of the inoculation experiment with S. juglandis sp. nov. to J. Sieboldiana.
D. Results of the inoculation experiment with S. juglandis sp. nov.to J. S ieboldiana
var. cordiformis (Hime-gurumi).
Plate &
Results of the inoculation experiment with S. juglandis sp. nov. to walnut trees.
A, B, J. Sieboldiana; C, J. Sieboldiana var. cordiformis; D, “Shinano” walnut.
Plate 4
A. Spermogonium of S. juglandis sp. nov. in the fallen leaf of J. Sieboldiana x 310.
B. Ditto. x 150.
C. Perithecia of S. juglandis in the fallen leaf of J. Sieboldiana collected in Yama-
gata Pref. x 180.
D, E, F. Ditto. Stained with I-KI solution. x 310.
G. Perithecia of S. juglandis sp. nov. in the fallen leaf of J. Sieboldiana collected
in Yamanashi Pref. x 310.
Plate 5
A. Relation between the growth of S. juglandis sp. nov. and temperatures.
C, isolate from conidium of Cercosporella stage; S, isolate from ascospore of
Sphaerulina stage.
a, -1°C; b, 1°C; ¢, 6~8°C; d, 10~12°C; e, 16~18°C; f, 20°C; g, 25°C; h,
28°C; i, 30°C.
B. Effect of H-ion concentrations on the growth of S. juglandis sp. nov. (3 weeks
after incubation, at 25°C).
C, isolate from conidium of Cercosporella stage; S, isolate from ascospore of
Sphaerulina stage.
a, pH3.4; b, pH 4.2; c, pH 4.6;d, pH 5.6; e, pH 6; f, pH 6.6; g, pH 7;
h, pH 7.4; i, pH 7.6.
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