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Fordbl (1931) X o Tl I R TW5 X5, AR X PIaRE, hoTa—a .y TN
T IICIEEL, T OFEEEY Sphaerella laricina R. HARTIG (1895) :téi&Ihic, ZEEZ LA
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7 R HAETRORBEEED bR . RS EOFRNC M ABE MRS, S huiRE X
FERU, 703 X OFFAER DL SFREL THNIRE B %, —#M4E EORBEEIEE 5~7 lcdh s,
Ko UTR20A L2z 22 H 0, WERMEL CLOE Lmmll EICET 52 2 FRTRW,
9H FAENREE LG NBEMREED BILADTH D H, C NLKERE © spermogonium ¢ 5 (Plate
D,

BEKSLEBT 2 LFEAYEL, kI -Akficcbb ok S3icAL, 8 ATAE» bRk
BRELWHEERKZ 5, HEMOTHOBER EADOD DI BRTHCEENRT, EEARCEHZ
NAEANET 22 L2155, Thic k2T, BWEMIICEHBICHMET S bidhvy, REIEECLS
EROEFEOERMZ LIFHHE2bh sz bThHD (Plate 2),

HREABIRADOA LY, 3EESLVWOBERCHLRET S,

A HE O HEFE R

JuEs (1931) vk Phoma Yano-Kubotae @ “iAFH” WIIBKRIN D “WHET " 1 L2 THRBRIE

FETHHDEB L LU, ThICDWTERMICIL 2D TR Wi, & 25T OBEBHREY, &
FORBRA L DRERLCHERI RS “ATFR” & “ARTF” IEREOA vET=T7 A KR
(spermogonium stage) C, A LU ADEREE 5 FRITEELA L LiEORKRELCBREIN S D
TREDEPETHELL,

BF129~314E (1954~19564E) D3 EITH 0, IITBREH ORI X2 TE#E LB T cfTok
EBERD, FICOTFEEILNETIHDOTH DL, T7abb, KEQL c)DWD “FgF”
WAHWHRERICHE D hb b, E0R LORFEID L LNTEY, Bl XCHRBRAFELDLS T
spermatia & UCERD o055 & TH5, spermatia ZIAPFHIH2:LiRD LI, BFEXDOEFOT
& T HER & NBE2 A Ay & C1EE T 5 (Text-fig. 1) ,Z Pl spermogonia iX¢REC7x D sper-
matia Z#H%kT 5, 5 APF~THHE, MLEREC Mycosphaerella G » FEHAIFEAL, 7 A~
THECTERTORBES LS (Textfig. 1), FERFOZRNBITRFHFCIOTHRDES
INBHOLL L, BFISE (19554E) wiig D 2 HIEIC K BRTPREp DD, 3 ~4 AOXR
MEHOELbTRRWNEE 2 bhs (Textfig. 2),

TERTEELD TEHERFL, hc Xk 28NS L FRIR 72 b O X 5 EEAB W
FThPEbMrBROBR» 2 bivie, BEOHIMF &, EFoEERLELOFTETHRIZED bR
Sz,

Heikstes E 2o, R DTS e ShC& b, % spermogonium KT, =
NREEAROERCHEET ot RL, FERFERBGREECIERINS Mycosphaerella BIF
DFERT B L3P LIDTH S,
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A. Spermatia
WHWBICHREI (2% 7 F oM, 2 BIERK) % JOUEREERIE (REEER, 2%7 Uk
FER, KEAKER) ML CMEORTFHRERLIToes, BHLEOLL B LB DR,
B. ¥ # | F
a. FHOREREFEF o<V, 2% 7 Fopimma 7 < ¥, 2%7 F vks
X OEBKE AL TRFRBR T oMk, RFXFDLD THS TRTEHEL DR OR O 1 AFO05EH
BxaMEL L (Text-fig. 3; Text-fig. 4, C; Plate 4, A, B), 6 IFHEORFRL 2% T F Uk
X O E W TS ORI L D b Ea21eht, 200 MK T & O K T H Kk EN i h Dtk (Table
1o
b. FITICH LT THIEDORE AHOTHE T 17~30°C THRIL, BRFEHER 25°C (Table 2),
c. BFrRIFTHEORE BEFREEE 10085 XUBHITE W CRFLHEF LD, UBTHbTHh
WCRFT M2 E LN T Tl E 0k L FIHFEL 7\ (Table 3—4),

EXEEELFCHEITILIXEERORE

a. FREHEREOME BHEER, BhERX, WAKSMAN KJEX, CZAPEK [KJEX, RICHARDS
RERB XTI A A vIERD 6 IS AW ZHEREL L AH ORNIBHERERCKS V- Tid RIFARTEL,
T A4 vERTRTR, 3h0EETRo byl Rk (Table 5), inks, HEFELICER
TROBRIZL 27 b bNiehDtc, h

b. HRORBCH LFTHREORE FElmEXAHEAL, <P VKT X2 T bAReERIIRD L
BOTHB, Thbb, KEOEHMAL 20°~25°C W TRIFAFEL T 543, 35°C TRREOLLEA
L7\ (Table 6),

c. HAORBIE XIETKEA A4 vItEORE EHEERLFEHAL L) I XOTL b7kl
H, pH 2.7~pH 9. 0 Ok THEARDRECVHU 5 LW HE4 s JiF s kehoke (Table 7;
Plate 4, C),

FBE OREH

AHEOFRFHE LT D B icdic, BER294E (19557F) 3 L OAEB0ED 2 H4E, BRAIICHE THFER
BxfTofk,

a. A7V TAEERR 1~3 EERAERS X URHICERER T O, BREE U CTE
AT bOREREEE, FERETE2ERL QW ABAREELFAL L, TOMRIVWIIOLES L#
WRE AT, TXTCFRE 2D spermogonia OERAHZL 72, 7ok, HEOEV-H OIHEV
DL BRUERERIVHU B L KRT, Bzl 1 Achd ok (Table 9),

b. BESPERCK T AEERE V<Y, LU X, ¥, A7V, BMive, tvk, 7a<
YR I OWCHL T MARIE Lo TR T2 HER L U CEERTO. TOMRT I <
I EGRB D AICRER L As, 180 OB Tk ok Iattic kb0t (Table 9),
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AHRADOHELTER

Pk XS, AROMEIE & L ChE (1931) 2350 L 7o Phoma  Yano-Kubotae (13FHEDL D>
BRyeic Lo TANEH o spermogonium AT % (YR (1950) SBEYHFHE & L THi fmic D13 7o Phyl-
losticta Laricis VX, FOIL#mn b A TS Phoma Yano-Kubotae LE—& Rl Thnd O &
Faibhs,

515 = VE (Larix) w#HHET D Mycosphaerella (Sphaerella) V3 2 HiLEEINTn%, TO— 1%
HARTIG (1895) & XoTRkHy 5 <Y (L. decidua) L FR.é:43 iz Sphaerella laricina T¥.
Y, TOREME (.c.) kb Mycosphaerella cryptomeriae SHIRAI et HARA TH %,

S. laricina R.HARTIG AR EICTW52%, TEIWHBU DL DSz L b FETHLER IR O
SHTHREET S L, L0 spermogonia OIFFIKEH, DS o bEFA—TEL L TR B0
3z ik cEiny (Table 10), Xic M. cryptomeriae LJ5i (1918) I Lo T ¥ ICEKI b DT
e, HELEOWH DS T (P - 3&)1 - bk 1952) A L XL GIFETH 5. L DIx D EE
Mot 2 i Mycosphaerella (Sphaerella) JHBEIHIOHMICAEICIEY T2 b OREWAZI AR,
FNTEHLSIAE L RILRO D LY Mycosphaerella larici-leptolepis sp. nov. Lé&&d 5z &
L,

ABOFILLHIIKD & x50 TH 5 (Text-fig. 4; Plate 3),

Mycosphaerella larici-leptolepis sp. nov.
Syn. Phoma Yano-Kubotae KITAJIMA (1931) (nom. nud.)

Phyllosticta Laricis SAWADA (1950)

TRER LR OMIICIVES 5 VIR BE, L, W, BUDEZELOBICER, LA < SRRk,
R¥ S 88~156X84~1424, TURIHURIRIIFTE, A& & 4~99X7~124, 8T HEH, WHENLo
FREFERRR 2 Flic 7 bos, TR, 28X 0D ZHfiokE 3%, RISt oh, &E, X
FX 11~18x3~54,

spermogonia (3% < IXIEDFMICEL, BE, T, K& X 83~165X74~1434, spermatia LHHEH
% Hie, &l K&FZ 3~5%0.5~1x4,

PR T < OBUAFERE BB E h, ¥ 7c spermogonia (34N JUEEE LI RDHBNRS,

& = Bt B3
Plate 1. 7 5 < #4EH
BRSO IR T, B ED/NEAIRFE O spermogonia
Flate 2. FEEHrhDlh <Y
A, C, WAFN244:107 5 AR (LIBIRZEH)
B, 254 9 A248 % (A1)
Plate 3.
A, IR Mycosphaerella larici-leptolepis sp. nov. ¢ spermogonium X 310
B, ML X 450
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B, M. lavici-leptolepis ©FWess XX FHEIRT a. T4 s, FHIET X800
Plate 4.

A, M. larici-leptolepis OFMFAFOFLE X250

B, [l %500

C, M. larici-leptolepis OHEADREEBICK XI1F+ pH 0%

B
a, pH2; b, pH2.2; ¢, pH 2.7; d, pH 3.6; e, pH 4.0; f, pH 4.6; g, pH 5.0;

h, pH 5.3; i, pH 6.5; j, pH 7.0; k, pH 7.6; 1, pH 8.2; m, pH 9,0; n, pH
10.4; o, pH 10.8
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Studies on the Needle Cast of Japanese Larch-1.
Life history of the causal fungus,

Mycosphaerella larici-leptozepis sp. nov.

Kazuo IT6, Kunihiko SAT6 and Noboru OTA

Introduction

The first authentic record of this disease in Japanese larch (Larix leptolepis (SIEB.
et Zucc.) GORDON., L. kaempheri SARG.) plantations was made by M. YANO in Nagano
Prefecture in 1924. Nothing more appears to have been written concerning this disease
until 1931 when KITAJIMA (1931)1® reported that he had found it in Fukushima Prefecture
the previous year. In the same year, YAMADA (1931)® noted that the larch stands in
Fukushima Prefecture, about 1,000 ka in area, were found to be severely affected by this
disease.

The disease has become increasingly prevalent during the past decade, and the de-
structive effects of repeated heavy attacks are very apparent. The occurrence of numerous
affected trees in extensive stands often presents an alarming appearance. This disease
is thus a matter of concern to the forest managers.

A short note describing briefly the disease and the causal fungus was made by KITA-
JIMA (1931)1®., He named the fungus Phoma Yano-Kubotae nov. sp. in honor of Messrs.
M. YANO and E. KUBOTA who were the first actually to see the disease, but no further
studies of this disease have been made in the meantime so far as the authors know.

From the evidences mentioned above, it was considered that there were many phases of
the subject still requiring further extensive investigation, and that clarification of the
biology and life history of the fungus was needed in order to develop control measures
and to forecast more accurately the occurrence and severity of attack. The present work
was undertaken in 1949 to study (1) the life history, (2) cultural characteristics,
(3) spore production and dissemination, (4) pathogenicity of the causal organism,
(5) pathological physiology of the host, and (6) control measures. This article is the
first report of these investigations and deals with the biology and life cycle of the causal
fungus, with particular emphasis on the source of primary inoculum. Hereafter, on other
phases of the disease, the progress of the study will be reported in the series under the
same title. A portion of this paper has already been published in preliminary reports

(ITd 19538, ITH, SATO & OTA 19569).

The authors take this opportunity to express their heartiest thanks to Mr. Rokuya
IMAZEK]I, Chief of the Forest Protection Division of the Government Forest Experiment
Station, under whom some of this work was conducted, for many valuable suggestions.
They are also indebted to Messrs. Takao KOBAYASHI, Zyunz0 FUJISHIMA, Michio NAKA-
GAWA and Shigeo ONO for their assistance in preparing the illustrations.

Symptoms and damage

The earliest indication of the disease occurs usually during the first week in July.
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Generally, scattered spots on the needle are first infected. They are first minut brown
and surrounded by a faint yellow halo. As the disease progresses, these spots increase
in size and coalesce to attain a width of 1 mm or more. Lesions are counted 5 to 7, rarely
20, a needle. The discolored needles bear small black fruit bodies on the upper surface
of the dead area that prove to be spermogonia of the causal fungus. From a distance
the infected trees give the appearance of having been scorched by fire or injured by late
frost.

The characteristic symptom of the disease is a browning of the needles over all or
part of the crown. This browning is most conspicuous in the summer and autumn and
gives the impression that the tree is dying. Later the diseased needles drop off, leaving
the trees with all or portions of their crowns thin and the remaining needles confined to
tufts at the end of the branches. Commonly, more needles in the lower crown of a diseas-
ed tree are blighted than in the upper crown, and small trees with their crowns close to
the ground are often completely diseased. Repeated serious defoliations may bring about
a considerable decrease in growth increment, and frequenlt result in the death of shoots
and twigs (Plates 1,2).

In mixed hardwood-larch plantations, the damage of this disease is said to be usually very
slight or not observed at all. And although it is in plantations that trees are most seriously
affected, seedlings and saplings are also subject to the needle cast.

A detailed and extensive survey has never been conducted, but the disease is probably
widespread throughout most of Japan, especially in the Ko-shin-etsu, Tohoku and Hokkai-
dodistricts (INOUYE 1953%,IT0O 19538, ONO 195613).

Life history of the fungus

The causal organism of the disease Phoma Yano-Kubotae sp. nov. was described by
KiTAJIMA (1931)1®. He thought that the disease was probably infected by the “ pycno-
spores ” formed in the “pycnidia”, though he had not made any experimental trial. From
the morphological characteristics and the progress of the disease, the senior author, how-

ever, presumed that the “pycnidia” and ‘ pycnospores” existent on green needles

Mature spermogonium

Sep Oct Nov Dec Jan Feb

1954~ 1955
1955~1956

Mature perithecium

Apr May , Jun  Jul
1954
1955

1956

Text-fig. 1 Mature spermogonium and perithecium formation of
Mycosphaerella larici-leptolepis sp. nov. at Kamabuchi and Akita.
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might be the spermogonial stage and the ascigerous stage constituting the source of in-
oculum probably formed in over-wintered fallen needles affected the previous year. This
assumption was soon verified by the authors’ life historical studies carried out at Kama-
buchi, Yamagata Prefecture and Akita city for three successive years (1954~1956) .

In the middle of September, spermogonia discharging spermatia were present on the
affected needles. In the latter part of November, numerous diseased needles which had
been collected at Kamabuchi were placed outdoors at Akita city in flooress wire cages,
so that the needles would be in contact with the soil. Examinations of the stored ma-
terial were made at intervals of about two weeks to trace the development of the fungus

during the winter and the following seasons.

—e---e-- 1954
20 A ——— 1955
cxe-x= 1956

O 1%

March | April |  May [

Text-fig. 2 Mean air temperature of each half decade at Akita
(from the records observed at Akita Weather Station).

The spermogonia were actively discharging spsrmatia when observed at intervals be-
tween November and February of the following year, and all of the spermogonia became
empty in March (Plate 3, A, B). Repeated attempts to germinate the spermatia in various
media have been unsuccessful.

Perithecia began to develop during the late autumn and winter, but did not sufficiently
differentiate to be recognized as perithecial primordia until early March. Ascospores matured
in late May or mid-June; matured spores were at first obtained in late May in 1954,
in mid- May in 1955, and in early June in 1956, respectively (Text-fig.1). The diversity
in the time of the fungous maturity may be probably attributed to the differences of
the environmental conditions in these years, especially to the temperature (Text-fig. 2).
The ascospores continued to produce within decaying needles left lying on the ground
unitl mid-July.

The ascospores germinate very readily in a few hours and the evidence points to the
fact that they furnish thes inoculation of the disease.

Morphological features of the fungus in the ascigerous stage agree well with the de-

scription for the genus Mpycosphaerella (Plate 3, C, D).
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Germination of spermatia and ascospores

A. Spermatia

Germination of the spermatia was tested by the VAN TIEGHEM cell method using 2
per cent dextrose and 2 per cent sucrose solutions, but no germinatinz spermatia were
obtained in either solution. Another experiment was undertaken on the following agar
media: Potato sucrose agar*l, 2 per cent dextrose agar*? and water agar*>. No germi-
nation occurred also in this experiment. In all of the repeated experiments the authors
have failed to successfully germinate the spermatia of the fungus.

B. Ascospores

The ascospore of the fungus germinated
within several hours after liberation from an
ascus. Usually a germ-tube grew from each
cell of the spore (Plate 4, A, B; Text-fig. 3).

Germinaton in several nutrient solutions

Ascospores were collected on the over-
wintered fallen needles on June 6, 1955 and
germination tests were made by the VAN
TIEGHEM cell method using the following so-
lutions: Larch needle decoction*t, larch needle
decoctioion plus 2 per cent dextrose solution*,
and distilled water. Results of the experiment

at 25C° are summarized in table 1.

As shown in table 1, germination per-
N centage at the end of six hours is larger in 2 per
cent dextrose soution and distilled water than
\ 7 in the other solutions, but, at the end of 20
f hours, there were no remarkable differences
in germination percentage among the nutrient
solutions tested.
— Effect of temperatures on germination

Text-fig. 3 Germinating ascospores of
M. larici-leptolepis sp. nov.(—=104).

o
Drop of the spore suspension were placed on
sterile slide glasses in Petri dishes, keeping
them’in moist condition, and then all the spores were incubated at different temperatures.
Results of the experiment at the end of each of 6 and 20 hours are given respectively in
table 2.
Table 2 shows that germination of ascospores occurs at the temperatures ranging from
17° to 30°C with an optimum at 25°C. At 10° and 35°C, germination did not take
place in these experimental periods.

Effect of relative humidities on germination The authors made an investigation

*1 Distilled water 1 I, potato 200g, sucrose 20g, agar-agar 20g.
*2 Distilled water 1 /, dextrose 20g, agar-agar 20g.

*3  Disitilled water 1 [/, agar-agar 20g.

*¢  Distilled water 1 /, larch needles 20g.

*5 Distilled water 1 /, larch needles 20 g, dextrose 20g.
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Table 1.
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Germination of ascospores in several nutrient solutions .

Germination

After 6 hours

After 20 hours

Germination Mazx. length Germination Mazx. length

percentage of germ-tube percentage of germ-tube
Nutrient solution (%) (#) (%) (&)
Larch needle decoction 11 12 77 62

Larch needle decoction

plus 2 % dextrose 4 4 9 85
2 % dextrose solution 28 16 94 132
Distilled water 22 22 T 101

Table 2.

Effect of temperaturs on germination of ascospores.

™~

~_Germination

After 6 hours

After 20 hours

T~ Germination Mazx. length Germination Mazx. length
™~ percentage of germ-tube percentage of germ-tube
Temperature (° C)\ (%) (D) (%) (#)
6 + 2 0 — 0 —
10 = 2 0 — 0 —
17 =1 13 4 71 47
20 = 1 72 21 79 69
25 + 1 79 23 94 70
28 =+ 1 53 18 60 69
30 = 1 11 7 26 66
35 4+ 1 0 — 0 —
Table 3. Effect of relative humidities on germination of ascospores—I.
(After 20 hours)
e | Relstive homiaiy | Germieton | Max leneth

solution © (%) (#)
H,0 100 7 92
K.SO, 98 56 7
KNO; 94 7 5
K.HPO, 92 0 —

KCl 87 0 —_

KBr 84 0 —
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Table 4. Effect of relative humidities on germination of ascospores—II.

Salt in over-| Relative After 6 hours After 20 hours
saturated humidity Germination Max. length Germination Max. length
solution (%) percentage of germ-tube percentage of germ-tube

(%) ) (%) ()

H,O 100 35 19 98 101
K.SOy 98 37 19 79 101
KNO;3 94 0 — + +
K.HPO, 92 0 — 0 —
KCl1 87 0 — 0 —
KBr 84 0 — 0 —

of the effect of relative air humidity upon germination of the ascospores by the method
reported in the previous paper (IT6 & HOSAKA 19577 ). Resultes of the repeated experi-
ments are presented in tables 3—4.

Frcm tables 3—4, it is clear that the germination is generally favoured at a saturated

atmosphere and at 98 per cent relative humidity, respectively, and the ascospores geminat-

ed slightly in 94 per cent humidity, while those kept at 92 per cent humidity and below

92 per cent show no signs of germination.

Isolation and culture

on media.

Mpycelial colonies on various agar media

Myecelial growth on agar media

Single-ascospore isolations were obtained by a modification
of the YOSHII’'s method (YOSHII 1933:®, IT6 & HOSAKA 19527).

growth on agar media was not vigorous.

Generally, the mycelial

Conidial forms have never been found in culture

The isolate of the fungus was cultured

on potato agar plates, and for the inocula the margin of the mycelial colonises was cut

with a sterile needle into small pieces and then these were transplanted to following agar
media: Potato sucrose agar*!, SAITO’s soy agar®?, WAKSMAN’s solution agar*3, Czapek’s
solution agar*t, RICHARDS’ solution agar*’, and bouillon agar*®.

Macroscopic appearances of the mycelial colonies after about a month at 25°C are
briefly noted in table 5.

Effect of temperatures on mycelial growth

The relation of temperature to the

growth of the mycelium was examined by the Petri dish method using SAITO’s SOy agar.

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

agar 20g.

Distilled water 850 cc, onion decoction 100cc, Japanese soy 50cc, sucrose 50g, agar-

*3  Distilled water 1 /, peptone 5g, KH.PO, 1g, MgSOy « 7H,0 0. 05g, dextrose 10g, agar-
agar 20g.
#+ Distilled water 1 [, MgSO,+7H.O 0.5g, K;HPO; 1g, KC1 0.5¢, NaNO; 2g, FeSO, 0.01g,
sucrose 30g, agar-agar 20g.
*5  Distilled water 1 I, KNO; 10g, KH.PO; 5g, MgS0,+7H:O 2.5g, FeCl, trace, sucrose
509, agar-agar 20g.

*6 Distilled water 1 I, peptone 10g, meat extract 10g, NaCl 5g, agar-agar 20g.
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Table 5. Macroscopic appearances of mycelial colonies on various agar media.

Agar medium

Degree of
mycelial growth

Color of mycelial colony

Potato sucrose agar
SAITO’s soy agar
WAKSMAN’s sol. agar
CZAPEK’s sol. agar
RICHARDS’ sol. agar
Bouillon agar

+4++
+++
+++
++
++
+

Olive-Gray
Light Olive-Gray
Deep Olive-Gray
Olive Light-Gray
Smoke Gray
Pale Olive-Buff

Table 6. Effect of temperatures on mycelial growth.
Tem‘(’?&t“re 5+ 2 15 & 3 1 20 =+ 1 ’ 25 & 1 30 = 1 35+ 1
Diameter of
colony (mm) 3 7 ’ 15 ’ 11 6 0

Results obtained at the end of three weeks are presented in table 6.

From table 6, it can be seen that the mycelium grows favorably at 20—25°C, but no

growth is observed at 35°C.

Effect of H-ion concentrations on mycelial growth The relation of H-ion

concentrations to the mycelial growth was tested with potato sucrose agar in Petri dishes.

By addition of certain amounts of normal HCl or NaOH solutions, the H-ion concen-

tration of agar medium after sterilization was varied as follows: pH 2, 2.7, 3.6, 4.0, 4.6,

Table 7. Effect of H-ion concentrations

on mycelial growth.

k=]
o

Diameter of colony(mm)

WONRNOWMWE WM
CNAOUVNWO RO N—O

0
10
12
12
12
12
12
11
11
10

9

9

5.0, 5.3, 6.5, 7.0, 7.6, 8.2, and 9.0.
Effects of pH value on the mycelial
growth were determined by taking
the averaged diameters of the colonies
at the end of 20 days at 25°C.
Results of the experiment are given
in table 7 (Plate 4,C).

As shown in table 7, the influence
of H-ion concentration is not remark-
able in the media with exponents
ranging from 2.7 to 9.0, so far as

examined by such a simple method.

Pathogenicity of the fungus

In order to make clear the pathogenicity of the fungus to Japanese larch and some

other conifers, inoculation experiments were performed at Kamabuchi, Yamagata Prefec-

ture in 1955 and 1956.

Inoculation experiment to Japanese larch

Potted seedlings and cuttings of

various ages were prepared for the inoculation test. The 4-week-old fungus culture
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which had been derived from the mono-ascosporous isolate and cultured on potato sucrose
agar was used as the inoculum. The fungus colonies from the slants were first broken
in sterile distilled water and then filtered through double sheets of cotton cloth.

On June 7, 1955, the needles of the plants were inoculated by atomizing with the
fungous suspension on the surfaces of the needles. Then, these plants were placed in a
humidity chamber and held at 100 per cent relative humidity for 48 hours. The check
plants were sprayed with sterile water instead of the fungous suspension.

Careful observations were continued for more than three months after inoculation.
On the inoculated needles the first indication of the disease appeared on July 8. The
disease progressed gradually, and the conspicuous symptoms showing spermogonial formation
and defoliation were brought about in early September. It may be said that the older
the seedlings were, the severer was the damage caused. In check plants, no sign of the
disease was observed on any of the plants even after three months. Results of the experi-
ment examined on September 2 are summarized in table 8.

Table 8. Inoculation experiment to Japanese larch.
PI Degree of Spermogonium
ant No. Plant Treatment infection formation
1 ~ 16 R : ' Inoculated + +
17T ~ 20 0-1-seedling | “Control - -
21 ~ 28 o . Inoculated ++ +
29 ~ 32 1-2-seedling ’i Control — —
33 ~ 38 . Inoculated + 4+ + +
39 ~ 42 2-3-seedling Control — —
43 ~ 46 P Inoculated + +
47 ~ 45 | Cutting™ Control | - -
Note: *D....The plants were propagated from cuttings made in 1952 and had grown

2 years in the nursery.

On the same date as the experiment mentioned above, another inocultion test was
undertaken to the potted 3-year-old seedlings with the over-wintered diseased needles as the
inoculum. The first sign of the disease appeared distinctly about a month after inocula-
tion, and severe infection occurred at the end of two months.

The evidences presented herein show that the fungus is doubtlessly pathogenic to
Japanese larch, and the incubation period of this disease is about a month.

Inoculation experiment to various conifers Pathogenicity of the fungus to various
coniferous seedlings was tested by using the over-wintered diseased needles as the inocu-
lum. Plant species used in this experiment were as follows: Abies Mayriana, Chamaecy-
paris obtusa, Cryptomeria japonica, Larix leptolepis,

Picea excelsa, P. hondoensis,

Pinus densi flora and P. Thunbergii. In the spring of 1956, fifteen seedlings of each of
all these species were planted at a distance of 20 ¢m apart in the nursery at Kamabuchi.
On May 8, the over-wintered fallen needles which had been gathered from the larch
plantation affected by the disease the previous year were placed among the seedling in a
thickness of 1 cm. Results of the experiment obtained in early September are briefly

summarized in table 9.
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Table 9. Pathogenicity of the fungus to various conifers.

Plant species Age of plant tested Pathogenicity
Abies Mayriana 2-4-seedling —
Chamaecyparis obtusa 3-4- ” _
Cryptomeria japonica 2-3- ” —
Larix leptolepis 2-3- ” +
Picea excelsa 2-4- ” —
Picea hondoensis 2-4- ” —
Pinus densi flora 2-3- ” —
Pinus Thunber gii 2-3- ” —

As shown in table 9, no positive results were obtained in any of the plant species
tested except the larch. Therefore, it seems clear that the fungus is selectively patho-

genic toward the genus Larix.
Morphology and taxonomy of the fungus

Morphology

Spermogonia are formed on both green and fallen needles throughout the autumn and
winter. They arise meristogenously by the branching of a hypha and the fusion of these
branches. Then, by a rapid division of cells, a spherical stromatic mass is formed. The
cells at the center of this mass, which are to become the spermatium mother cells,
become larger and stain deeper than those of the periphery. The spermatia are liberated
through a sterigma-like process, after which the walls of the old mother cells disintegrate
into a mucilaginous matrix which invests the spermatia. This process continues cen-
trifugally so that a mature spermogonium consists of a globose cavity filled with spermatia
held together in a mucilaginous matrix of degenerating mother-cell walls. The spermogo-
nium wall consists of several cell layers of a brown, thick-wall element, 28~41# in width.
The spermogonia measure 83~165X74~143#. The mature spermogonia are filled with a
great number of hyaline, rod-shaped spermatia, 3~5X0.5~1# in size (Plate 3, A, B).

Perithecia are formed abundantly on the fallen needle in contact with the soil. Early
in March structures that are interpreted to be perithecical initials are observed. The
perithecia become differentiated into an inner pseudoparenchymatous medullary portion,
surrounded by an outer layer or rind of a thickness of brownish, thick-walled cells.
“The medulary tissues disappear as the asci develop. The perithecia develop either singly
or in groups, and they at first are embedded within the host tissues, but later they
become erumpent. The ascospores mature in the latter part of May at Kamabuchi,
Yamagata Prefecture.

Mature perithecia are amphigenous, single or in groups, partially erumpent, globose,
slightly papillate and measure 88~156 X 84~142#. Asci are clavate-cylindrical, measure
49~99%x 7~12# and contain eight ascospores. Paraphyses are absent. Ascospores are hyaline,
unequally two-celled, constricted at septum, and 11~18 X 3~5# in size (Plate 3, C, D,E;
Text-fig. 4).
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Taxonomy

KITAJIMA (1931)1® found a fungus on the lesion of casting needles of Japanese larch
and named it Phoma Yano-Kubotae sp. nov. Recently another fungus belonging to the
family Phomaceae was described by SAWADA (1950) under the name of Phyllosticta
Laricis sp. nov. According to the authors’ research, Phyllosticta Laricis is unquestion-
ably congeneric with Phoma Yano-Kubotae. When SAWADA described Phyllosticis Laricis
sp. nov. he was probably unaware that the same fungus had been described previously by
KITAJIMA. Morphological characteristics of Phoma Yano-Kubotae as well as Phyllosticta
Laricis are very accordant with those of the spermogonial stage of the causal organism.

A survey of the mycological literature dealing with Mycosphaerella (Sphaerella*t) on
Larix reveals the fact that only two species of Mycosphaerella have been recorded to occur
on species of Larix. These are Sphaerella laricina R. HARTIG (HARTIG 1895%, SAC-
‘CARDO 1900'%) and Mycosphaerella cryptomeriae SHIRAI et HARA (SAWADA 1950)17.

HARTIG (1896)* reported that S. laricina described on European larch (Larix decidua)

attacked also Japanese larch.

Table 10. A comparison of Sphaerella laricina with
the present authors’ fungus.
Sph%er‘iflii‘R{IfzI’G”ma Mycosphaerella of the authors
Die zu Anfang Juni ausgereiften Peri- In early March the perithecial
thecien sind den Conidienpolstern an. | initials are formed on the over-
Fiarbung #dhnlich, aber etwas kleiner als | wintered fallen needles. Mature
diese, d. h. zwischen 0.1 bis 0.15 msm | ascospores are observed in late
gross .... und hier entwickelten sich| May. Perithecia measure 88~156
schon bis zum 15.Mai in einer Anzahl| x84 ~ 142#. Asci are clavats-
Perithecium | der Perithecien reife Ascosporen. Die| cylindrical and 49~99x7~12¢ in
keulenférmigen Ascen sind 0.05~0. 06mm | size.
lang, enthalten je 8 anfidnglich Ascospores are hyaline, unequally
einzellige, spiter zweizellige Sporen von | two celled, constricted at septum,
0.015~0. 017 mm Linge, die farblos und | and measure 11~18X3~54,
an beiden verjiingten Enden abgerundet
sind.
....Auf der Aussenseite dieser schwar-
zen Polster entwickeln sich nun zahllose
stabférmigen Conidien von 0.03 mm
Linge. Sie stehen auf kurzen, an der
Spitze farblosen pfriemenférmigen Basi-
dien und sind anfiinglich einzellig. Bei None
Conidium |der Reife zeigen sie eine und spiter drei
Querwiind, so dass sie demnach vierzellig
sind ...In Nihrgelatinelosung verbracht, ...
stabférmigen vierzelligen Conidien auf
kleine seitlichen Auswiichsen entwicke-
In, die auf den Conidienpolstern der
Lérchennadeln entstehen.
....die zuerst diinn scheibenformigen Spermogonia are formed on both
Conidienlager, die dann zu pseudo-pa- | green and fallen needles throughout
renchymatischen schwarzbarunPolsterns | the autumn and winter. They
Spermatium |ich verdicken und die Epidermis spren-| are at first subepidermal, later
gen. Im Inner dieser Polster entstehen | break through the epidermis and
(Micro- Hohlungen, deren Wiinde mit sehr zarten | become black.
conidium) | Basidien besetzt sind. Letztere bilden Mature spermogonia measure
an der Spitze ausserordentlich kleine | 83~165X74~143 #. Spermatia are
Mikroconidien. Diese zellen sind nur| hyaline, rod-shaped and measure
0. 003 mm lang und 0. 001 mm breit. 3~5 X 0.5~1¢xn.

*1

The generic name, Sphaerella was formerly used instead of Mycosphaerella.
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S. laricina is very similar to the authors’ fungus in several respects, and accordingly
a morphological comparison of the two species will be noted in table 10.

Althouth, as shown in table 10, the morphological characters of Sphaerella laricina
closely resemble those of the present fungus, the asci of the latter are remarkably larger
than those of the former. Furthermore, there are some differencces in the process of
the spermogonium formation between the two fungi. The most conspicuous diversity
found in these species may be the fact that S. laricina produces “ stabférmigen Konidien ”
on both the host and the artificial medium, but, on the contrary, Mycosphaerella of the
authors has no conidial form. TUnfortunately the authors have never made a direct com-
parison with the type specimen of S. laricina, but it is probably different from the fungus
under consideration.

Considered from the morphological and cultural characters (IT6, SHIBUKAWA &
KOBAYASHI 1952)%, M. cryptomeriae which was originally described on Cryptomeria
japonica by HARA (1918)® is clearly distinct from the authors’ fungus. None of the
following Mycosphaerellae (Sphaerellae) described on coniferous trees by the earlier
workers is identical with the authors’ fungus: Sphaerella Taxi COOKE on Taxus baccata
(SACCARDO 1882)%, S. Taxodi COOKE on Taxodium (SACCARDO 1883)%, S. Podocarpi
COOKE on Podocarpus (SACCARDO 1883)1%, Mycosphaerella sequoiae BONAR on Sequoia
(BONAR 1942)V, M. hypodermellae WEHMYER on Pinus (WEHMYER 1946)® and M. Thu-
jopsidis SAWADA on Thujopsis (SAWADA 1950)17,

Since a search of the literature by the authors has failed to disclose any species like
the fungus under consideration, it is regarded as a new species and is here describzd as
follows :

Mycosphaerella larici-leptolepis sp. nov.
Syn. Phoma Yano-Kubotae KITAJIMA (1931) (nom. nud.)
Phyllosticta Laricis SAWADA (1950)

Maculis brunneis; peritheciis amphigenis, saepissime tamen hypophyllis, sparsis vel
aggregatis, nigris, globosis, per epidermidem erumpentibus, ostiolo minuto papillulato, 88~
156X 84~142#; ascis cylindraceis-clavatis, 44~99X7~12«, aparaphysatis, octosporis; sporidiis
irregulariter 2-stichis, naviculatis, 11~18 X 3~5#, constricto-1-septatis, loco superiore
crassiore, hyalinis.

Hab. in acubus deciduis, Laricis leptolepis (May 22, 1954, Kamabuchi, Yamagata,
Japan, by K. SAT6 and N. OTA*Y).

Spermogoniis in autumno efformantibus, epiphyllis, innatis, punctiformibus, globosis
atris, 83~165 X 74~143 #; spermatiis bacillaribus, hyalinis, 3~5 X 0.5~1 &.

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

Text-fig. 4 M. larici-leptolepis sp. nov. in perfect stage (—=104).
A, asci and ascospores; B, ascospores;
C, germinating ascospores.
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Consideration and conclusion

NAMBU (1916)1» ;repbrted a brief note on a foliage disease of dwérf larc.:h:. t;ees
(“Bonsai”) and adopted Sphaerella laricina HARTIG as the scientific name of the causal
fungus, though he had never made detailed investigations. The first reliable account on
the needle cast of Japanese larch was published by KITAJIMA (1931)1®, who named the
causal organism Phoma Yano-Kubotae sp. nov. The fungus, Phyllosticta Laricis, de-
scribsd by SAWADA (1950)!7 as a causal agent of the nzzdle cast of larch is quite accordant
with Phoma Yano-Kubotae.

As reported already by KITAJIMA (1931, 1933') and SAWADA (l.c.), it is evident
that the “ pycnidia” containing numerous “ pycnospores” occur abundantly and universally
in affected needles. Therefore, the “ pycnidial ” stage has long been accepted as the cause of
infection and spread of the needle cast. While making a survey of the larch plantations
for the disease it was observed that the lesions were always evenly spaced and dis-
tributed over the affected tree in a manner expected only where the inoculum is wind-borne.
Moreover no instances were found where needles opened after mid-summer were severely
diseased. Because' of the failure of the so-called pycnospores to germinate or grow in or
on various media, and since their characteristic small size and appearance make them
unsuitable for wind dissemination, it is concluded that they are not pycnospores but spermatia.
Correspondingly, the structures which produce them should be called spermogonia, not

pycnidia.

Further investigation of the disease has resulted in the discovery of the pzrfect stage
of the fungus, which is here named Mycosphaerella larici-leptolepis sp. nov. The fungus
over-winters principally as immature perithecia in the tissue of fallen needles on the
ground. Though the time in maturity is somewhat influenced by environmental conditions,
the fungus matures in late spring, and ascospores arz presented during about two months,
from late May to mid-July. The ascospores from the infected needles in the previous
season germinated very well in a few hours, and proof of the pathogenicity of the perfect
stage of the fungus was obtained in the inoculation experiments initiated early June.
From these foregoing facts it may be asserted that the ascospores from over-wintered
fallen needles carried by air currents, cause infection of the current season’s needles
on the trees in nature. The incubation period of the disease has been found to be
about a2 month by inoculation tests, and this is very accordant with the fact that the
first symptom of the disease in larch stands usually appears in July.

In the case of Sphaerella (Mycosphaerella) laricina, the causal organism of the
needle cast of European larch, there have been two sources of inoculum, ascospore and
conidium (HARTIG 1895)3, but the authors’ Mycosphaerella lacks the conidial stage in its
life history. Since the spermatia have not been observed to germinate, and it is unlikely
‘that they disseminate the fungus, the role of the ascospores in the epidemiology of the
disease is the most important.

Recognition of the fact that Mycosphaerella larici-leptolepis sp. nov. is a fungus
possessing only one infection stage and no conidia, indicates that ascospores produced on
the infected needles fallen the previous year constitute only the source of inoculum.

“This bears directly upon a correct interpretation of the disease cycle of needle cast, and
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upon its control.

Summary

The present paper deals with the results of an investigation on the needle cast of
Japanese larch with special emphasis on the causal organism.

Phoma Yano-Kubotae described by KITA JIMA (1931)!® as the pathogen of the disease
is the spermogonial stage of the causal fungus. The ascigerous stage of this organism
is formed in the tissues of the over-wintered fallen needles attacked the previous year.
“The fungus was described by the authors as a new species to science under the name
-of Mycosphaerella larici-leptolepis sp. nov. l

Mature ascospores are disseminated during late May to mid-July and they constitute
the source of inoculum.

Inoculation experiments to several conifers gave results showing that all the conifers’
-except Japanese larch were not attacked by the fungus, and that the incubation period
-of this disease was about a month.

Furthermore, effects of the environmental factors upon the germination of ascospores

and the growth of mycelium were made clear experimentally.
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Explanation of plates

Plate 1

The needle cast of Japanese larch.

Plate 2

Japanese larch trees afffected by the needle cast. At Kamabuchi, Yamagata Prefec-

ture.

A, C, Photographed on Oct. 5, 1954; B, Photographed on Sept. 24, 1955.

Plate 3

A, Spermogonium of Mycosphaerella larici-leptolepis sp. nov. X 310.
B, Ditto. x 450.

C, Perithecium of M. larici-leptolepis sp. nov. X 310.

D, Ditto. X 450.

E, Asci and ascospores of M. larici-leptolepis sp. nov. X 800.

a, asci; s, ascospores.

Plate 4

A, Germinating ascospores of M. larici-leptolepis sp. nov. X 250.

B, Ditto. X 500.

C, Effect of H-ion concentrations on the mycelial growth of M. larici-leptolepis sp.
nov.
a, pH 2; b, pH 2.2; ¢, pH 2.7; d, pH 36; e, pH 4; f, pH 4.6; g, pH 5; h, pH
53; i, pH 6.5; j, pH 7; k, pH 7.6; 1, pH 82; m, pH 9; n, pH 104; o, pH 10.8.
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