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Dothistroma Needle Blight of Pines in Japan

By

Kazuo IT6™, Yoshiyuki ZINNO® and Yasuo SuTO®

Summary : Since 1952, the Dothistroma needle blight of pines has been found in several
parts of Honsyu and Hokkaido of Japan. The causal fungus was morphologically identical
with Dothistroma pini HuLsarY var. pini. Host plants of the fungus hitherto collected in
Japan were as follows : Pinus densiflora, P. thunbergii, P. ellioitii var. elliottii (P. caribaea),
P. montana, P. jeffereyi, P. ponderosa, and P. contorta. In artificial inoculation with the
fungus, the infection occurred more severely on pine needles wounded slightly than on those
unwounded. Artificial inoculations with the fungus isolated from Pinus thunbergii were
made to the following pine species : Pinus densiflora, P. thunbergii, P, taeda, P. elliottii var.
elliottii, P. pinaster, and P. radiata. Results showed that all the species tested were equally
susceptible, and the incubation period of the disease was 2~6 months. In Japan, the disease
has been generally considered to be a minor obstacle to forest trees, because its damage to

the native pine species is still not serious.

Introduction

A needle spotting fungus, Dothistroma pini Huisary (1941)2, was first described on Pinus
nigra var. austriaca collected at DeKalb county, Illinois, U. S. A. The distribution of the fungus
is now world-wide, and it has been recovered from Canada (Parker & CorLins 19668), Chile
(Duein & SraLey 19668), Brazil (Ficueireno & Namekata 19698), Argentina (Fresa 19689),
Uruguay (Perersox 1969%), Kenya (Gisson 196419, Curistensen & Gisson 1964%, Gisson ef al. 196414,
Snaw 196439), Tanganyika (Giee 1963'9), Tanzania (Ernerinee 19657, Hockineg 196629, Hockine &
Etuermce 196720, Grirrin 19681%), Yugoslavia (Krstic 1958%%), Britain (Murray & Bartko 196259,
Suaw 196439), France (MoreLer 196739), Roumania (Gremmen 196818), New Zealand (Gimour &
Noorperuaven 196618, Giimour 196717, Gapein 196711), and India (Baksui & Siven 19681, Baksmr ef
al. 1973®).

The pine disease caused by Dothistroma pini commonly goes under the name of Dothistroma
needle blight or red band needle blight, and it causes serious losses of Pinus radiata, an exotic
pine species, in East Africa, New Zealand, and South America. The disease continues to be
a major obstacle to the satisfactory plantation of radiata pine in these countries.

Since 1952, the present authors have frequently observed a foliage disease of several pine
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species, and they have considered that a fungus associated with this disease might be a member
of the genus Dothistroma or the allied genera.

Fortunately, examinations were made of Huisary’s type specimen of Dothistroma pini and
other specimens of the same fungus on various pine species kindly sent by foreign mycologists
and pathologists. Results showed that the fungus found by the authors in Japan was quite
identical with Dothistroma pini HuLsary.

Tn Japan, the distribution of the fungus is still limited to several parts of Honshu and
Hokkaido, where the disease occurs usually sporadically and rarely in epidemic form.

The Dothisiroma needle blight of pines has been considered to be one of the most important
destructive tree diseases internationally. In this paper, the authors deal with the present
status of the disease in Japan, with special references to morphologic characters of the causal
fungus, its pathogenicity to the native pine species, and damage of the disease. An outline
of the study was already published in the preliminary reports (Itd & Zinno 197229, 11d 1973%,
Surd 1974417),

The authors wish to express their special appreciation to Dr. J. Lehand Craxe, Illinois
Natural History Survey, U. S. A., for his kindness in sending the type specimen of Dothistroma
pini HuLsary deposited in the Herbarium, and Dr. L A. S. Gisson, Commonwealth Mycological
Institute, England, for helpful suggestions and literature references.

Thanks are also due to Prof. Dr. Fields W. Cosg, Jr., University of California, U. S. A., Dr.
C. Bassgrr, Forest Research Institute, New Zealand, Dr. A. Fuxk, Forest Research Laboratory,
Canada, and Mr. 1. Takanasur, Tokyo University Forest, Hokkaido, for kindly supplying speci-

mens of the fungus for this study.
Symptoms and signs of the disease

The first obvious symptom of the disease is the appearance of small chlorotic areas on
infected needles during the autumn, followed by large areas of necrosis. Small resin drops
are frequently produced on necrotic parts. In the spring, bright red bands, 1~3 mm in length,
are apparent in the necrotic areas, and shortly thereafter small black bodies, stromata of the
causal fungus, rupture the dead epidermis. Infected needles are usually cast in the summer
and autumn. Needles of all ages are susceptible, although the older needles are usually more
severely infected (Plates 1, 3, 4).

T"'ama_e of the disease

In November, 1960, a severe attack by the disease first called the authors’ attention in a
young natural stand of Pinus densiflora at Narusawa, Yamanashi Prefecture. In the next year,
a 3ha 10-year-old plantation of P. densiflora, having a total of about 1,500 trees, was found to
be badly spotted and severely defoliated by the disease. Another severe damage of the disease
was found in 1962, in a 3.3 ha 7-year-old stand of the same pine species, totalling about 1,200
trees, at Asahi, Gifu Prefecture.

Since about 1965, the disease has commonly occurred on Pinus thunbergii planted in gardens
and parks in Oki Islands and the eastern parts of Shimane Prefecture.
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Morphology and geo:raphic distribution of the

cavsal funzus

Morphologic characters of the fungus
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Stromata linear, solitary or gregarious, subepidermal, erumpent, dark brown to black, 100

~b500p in width, 110~300u in height. Locules separate, one to several in the upper part of

the stroma, without a distinct wall, the entire inner face sporiferous.

Conidiophores numerous,

simple, arising directly from the stromatic hyphae, unbranched, hyaline 8~10%1.5~2pu, pro-

ducing conidia at their tips. Conidia hyaline, scoleciform, 1- to 4- but usually 3 septate, blunt
at the ends, straight, slightly curved, or bent, 12~36x1.5~~3.5, (Plate 5, Figs. 1, 2).

On hosts, conidia of the fungus are usually found in April to July, and abundantly in May

to June.

Dimensions of the fungus in the conidial
stage collected in Japan as well as in some
foreign countries measured by . the present
authors are given in Tables 1~-3 (Plates 5, 6,
Figs. 2, 3).

Three varieties of the fungus have been
distinguished by the differences in the conidial
dimensions and in the stromata as follws:

Dothistroma pini Hursary (1941) var. pini,

Dothistroma pini Huisary var. linearis
Tayr & Snaw (1964)4», and

Dothistroma pini Huisary var. keniensis
Ivory (1967)25).

The fungus in Japan is quite identical
with Dothistroma pini Huisary var. pini on the
basis of conidial size, though there may be
some differences in cenidial and stromatical

characters by either climatological factors or

Fig. 1. A part of a stroma of Dothistroma
pini on Pinus densiflora collected in
Japan (——1=20p)

Table 1. Dimension of Dothistroma pini collected in Japan

Size of stroma Size of conidium Number of
Pine species Locality septum of
Height | Width Range Averaged|a conidium
Iz iz Iz Iz
P. densiflora Narusawa, Yamanashi 130~-260 | 130~~430 | 22~34X2~2.5 |27, 6X2, 2 14
do. do. 110~200 | 130~500% 18~33X2.5 24.3X2,5 1~3
do. Komoro, Nagano 160~230 | 200~390 [17~29X1,5~2,3/21.2X1.6 2~~3
do. do. 120~260 | 120~330 — — —
do. Asahi, Gifu — - 17~29%1,5~2.3/21,2X1.6 2~3
P. montana Yamabe, Hokkaido | 150~280 | 200~450% 13~~25X2~2.5 [19.7X2.2 1~3
P, jeffereyi do. 190~300 | 210~480% 15~~33X2~3 |22.7%2.4| 1~3
P. ponderosa do. 180~230 | 200~400%15~30X 1. 5~2.5/20.0x1.9 1~3
P. contorta do. 140~190 | 100~500%13~25X%1.5~2.3/20.5%1.7 1~3

Note : * Some stromata continued
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Table 2. Size of conidia of Dothistroma pini on Pinus thunbergii
collected in Shimane Pref. Japan
Bt Size of conidia Number of septum
Range Averaged of a conidium
’ I
Matsue City 12~~27X2.0~3.0 23%2.8 0~3
do. 8~36X2.0~3.5 20X 2, 4 0~3
Yoshida V. 14~34%1,5~3,5 24%2.1 1~3
Fuse, Oki Isl. 15~32%2.0~3.0 23% 2,3 0~3
Ota City 12~36%X2.0~3.0 2521 0~3
Table 3. Dimension of Dothistroma pini collected in several
foreign countries
Size of stroma Size of conidium Number of
Pine species Locality septum of
Height Width Length Width |a conidium
3 & ®
P. nigra* WSE?:E;“’UDEK?\“) 180~400 | 260~750%F  20~~30 2.5 1~3
, U.S. A,
P. contorta S"éggafé C. 120~230 | 100~290%F  20~-38 2.5 1~3
do. Kiégirf;‘éaB' C. 100~160 | 110~-270%%  20~35 2~2.8 1~3
P. radiata®** U‘é‘;gﬁé B.C. 50~130 80~320%%  35~-70 1.8~2.5 2~6
do. T%‘g‘fvoaz' el:;i allfhand' 80~150 | 100~250 18~38 1.8~2.5 1~3
serkk|
P. muricata nggl??l% %‘)‘j{‘ty' 110~230 | 120~500%H  40~-58 1.8~2.3 1~5

Note :

s+ Some stromata continued

* Type specimen

#x% Dothistroma pini var. linearis

different substrata.

Host plants affected naturally by the fungus in Japan are as follows: Pinus densiflora, P.
thunbergii, P. elliottii var. elliottii (P. caribaea), P. montana, P. jeffereyi, P. ponderosa, and P.

contorta.

Distribution of the fungus in Japan

No opportunity has been afforded to make a systematic survey of the pine growing region

of Japan to determine the distribution of the fungus; however, studies to date show it to be
limited to the following prefectures: Hokkaido, Yamanashi, Nagano, Gifu, Fukui, Hiroshima,
and Shimane (Fig. 4).
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Fig. 2. Conidia of Dothistroma pini collected in Japan
(—=10p)

on Pinus densiflora collected in Yamanashi Pref.

on Pinus thunbergii collected in Shimane Pref.

on Pinus ponderosa collected in Hokkaido.

on Pinus contorta collected in Hokkaido.

oo

Cc

—

Fig. 3. Conidia of Dothistroma pini collected in foreign
countries (——=10p)
a. on Pinus contorta collected in Canada.
b. on Pinus contorta collected in Canada.
c. on Pinus radiata collected in Canada.
d. on Pinus radiata collected in New Zealand.
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Fig. 4. Map of distribution of Dethistroma pini in Japan
1. Hokkaido

4. Gifu Pref. 5.
7. Shimane Pref.

Fukui Pref.

2. Yamanashi Pref.

3. Nagano Pref.
6. Hiroshima Pref.

Overwinteriny of the cavsal funous

In early November, 1960, the diseased needles of Pinus densiflora collected at Narusawa,

Yamanashi Prefecture were placed in wire baskets out of doors in Tokvo. Every two weeks,

some needles were brought into the laboratory, sectioned and examined under the microscope

for the presence of new and old fruit-bodies of the fungus.

In about mid-March of the following year, voung conidia of the fungus were produced on

old stromata, and the conidia were formed in great abundance in late April.

Diseased needles of Pinus thunbergii gathered in Matsue, Shimane Prefecture were placed
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out of doors in early December in Tokyo. On second-year needles as well as current-year
needles, fresh voung conidia of the fungus were found on stromata as early as the first week
of March of the following year. Conidia of the fungus were abundantly produced from mid-
April to mid-May, and disappered at the end of June.

In New Zealand, Gapei (1970)12 reported that stromata of Dothistroma pini on some needles
of Pinus radiata exposed over the winter months as well as those on needles exposed over the
summer months showed a similar survival period, e. g. needles laid out in May and December
each showed a survival period of 4~6 months,

The authors’ observations in Japan showed that stromata of the fungus on needles laying
on the ground from winter to spring produced viable conidia after 6 months’ exposure.

The ascigerous stage of the fungus was discovered in Canada, and was named as Scirrhia
pini Funk et Parker (1966)1. In the next year, the existence of this stage was reported from
France by MoreLer (1967)31.

In Japan, no perfect stage has been found for Dothistroma pini, and the dispersal of the

fungus appears to be entirely by conidia.
Germination of conidia of the causal fungus

Conidia of the fungus (C-1)* which had heen produced on Sarro’s soy agar were used for
germination tests. Conidial suspensions were smeared on the surface of water agar plate
(pH 5.4) in Petri dishes. Besides the readings on germination, the lengths of the germ tubes
were measured.

Relation between germination and time passed

Results obtained at 20°C are given in Table 4.

As shown in Table 4, the conidia begin to germinate
within about 16 hours, and germination is over 90
per cent in 24 hours.

Usually, a germ tube grows from the end of
each terminal cell, and later from the intermediate
cells. In 32 hours, they become septate and branch
(Plate 7, Fig. 5).

Relation between germination and temperature

Results of the experiments obtained at the end
of 24 hours are presented in Table 5.

From Table 5, it may be said that the range
of temperature within which germination takes
place is from 10 to 30°C, with an optimum at 20°C.

Relation between germination and H-ion con-
centration

A range of pH value was obtained by addi-

tions of regulated amounts of HCl or NaOH. Re- —
sults of the experiments at the end of 24 hours Fig. 5. Germinating conidia of
at 20°C are briefly noted in Table 6. Dothistroma pini (—— =10p)

« Host : Pinus thunbergii Locality : Matsue, Shimane Pref. Isolation : March 26, 1968
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Table 4. Relation between lapsed time and germination of conidia
of Dothistroma pini on water agar at 20°C

. Experiment-1 Experiment-2
Fime: lapsed Germination Maximum length Germination Maximum length
percentage of germ-tube percentage of germ-tube
hrs. % Iz % I
8 0 =t 0 —=
16 80.8 83 78.8 66
24 90,7 125 92;.1 132
32 21,2 188 94,1 198

Table 5. Effect of temperatures on germination of conidia of
Dothistroma pini. After 24 hours on water agar

Experiment-1 Experiment-2
Temperative Germination Maximum length Germination Maximum length
percentage of germ-tube percentage of germ-tube

"C % B % Iz
3 0 — 0 =
10 3.3 8 5.2 8
15 73. 4 89 87.6 99
20 90. 2 109 92.1 149
25 83.1 79 89.9 83
30 11. 8 46 16.9 30
35 0 s Q —

Table 6. Effect of H-ion concentrations on germination of conidia of
Dothistroma pini. After 24 hours at 20°C

pH 2.8 40 46 6.0 6.8 84 9.0

Experiment-1 Germination percentage % 4 70 87 94 92 90 88
Mg’éirﬁ‘fgﬁb{fngth 8t L g e eeg Si02 78§ 56 bA

pH 3.0 40 46 56 68 82 90

Experiment-2 Germination percentage % 6 89 98 99 95 93 91
Mg’éiﬁ‘_‘t‘ﬁbfngth of ol el 8 B0 s 90 68 51

From Table 6, it is to be inferred that germination of conidia is not strikingly effected by
the change of H-ion concentration excepting an extreme acid side.

Ivory (1967)* reported that conidial germination of Dothistroma pini var. keniensis in
solution occurred within the temperature range 8~-25°C and the pH range 2.2~5.5, with
optimum of 18°C and pH 3.5, respectively. Prrerson (1967)% who studied the fungus on
Austrian and ponderosa pines in U. S. A., stated that the conidia germinated over a wide
temperature range (12~28°C). Sueribay & Yen (1970)%, on a New Zealand isolate of the
fungus, noted that the conidia germinated at 5~30°C with the optimum at 17°C. These

characters of the fungus in germination are very similar to those of the fungus in Japan.
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Effect of temperatures on the mycelial
growth of the causal fungus

The relation of temperature to the growth of the fungus was tested by slant culture
method using Saro’s soy agar (pH 5.4). For inocula, bits of the colonies originated from
conidia were transplanted to the center of each agar in test tube. Diameter and height of
the colonies at each temperature averaged after 30 days are given in Table 7.

It is known from Table 7 that the fungus grows favorably at the temperatures ranging
from 10 to 25°C with an optimum at 20°C, and the maximum and minimum temperatures for
the growth are 3--5°C and 30°C, respectively.

According to Ivory's (1967)2 paper on Dothistroma pini var. keniensis, growth of the my-
celium in liquid culture was very slow, and occurred within the temperature range 6~28°C,
with the optimum of about 15°C. The optimal temperature for the mycelial growth of Japanese

isolate is somewhat higher than that of Kenyan isolate.

Table 7. Effect of temperatures on mycelial growth of
Dothistroma pini. After 30 days on Sarro’s soy agar

Mycelial colony
Temperature Conidial formation
Diameter Height

3o °C 5 mm , mm .
10 10 5 —
15 13 7 ++
20 | 20 8 iy T
25 7 5 +
30 3 2 oy
35 0 0 | it

Mycelial growth of the causal fungus on various agar media

Three isolates from conidia were cultured on potato sucrose agar, and small pieces (1~
1.5mm in diameter) of the colony were used as inocula. The fungus was cultured on the
following agar media : Potato sucrose agar, pine-needle decoction agar, Sairo’s soy agar,
W aksman’s solution agar, Ricnarps’ solution agar, and Czarex’s solution agar.

On potato sucrose agar, cultures grow slowly. Colonies sometimes spread with appressed
growth, usually hemispherical and stromatoid. Mycelial mats are white at first, soon turning
dark and pink in patches.

In macroscopic appearances of the colonies on various agar media, there are no remarkable
differences among the isolates.

Diameter and height of colonies of the fungus on various agar media were measured after
30 days at 20°C.

As presented in Table 8, the fungus grows well on Saire’s soy agar, potato sucrose agar,
pine-needle decoction agar, Waksman’s solution agar, and Ricaarps’ solution agar, but sparsely

on Czarex’s solution agar (Plate 8).
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Table 8. Mycelial colonies of Dothistroma pini on various
agar-media. After 30 days at 20°C

Stock No. C-1# Cra-1%2 Cl4-2%8
ey . _—
Mycelial colony Degfee Mycelial colony Deg}gee Mycelial colony Deg;’ee
Di _ conidial Di ) conidial — conidial
A e 'l mm‘:er Height [forma- zamier Height forma- |~ mgel_ Height [forma-
B tion ) tion tion
o mm mm mm mm mm mm
Potato-sucrose agar 14 4 + 15 4 — 12 6 —
Pine-needle X 3l
decoction agar®t Ld : s Lo . 13 %
Sarro’s soy agar 20 8 +++ 25 5 — 16 10 —
W aksman's sol. agar 12 4 ++ 20 5 — 15 5 ES
Ricnarns’ sol. agar 115 5 + 15 5 — 13 3 —
Czarex’s sol. agar 10 4 + 3 2 — 12 3 —

Notes : *1 Host : Pinus thunbergii Loc. : Matsue, Shimane Pref. Isol. : March 26, 1968
#2  Host : Pinus densiflora Loc. : Sakamachi, Hiroshima Pref. Isol. : July 10, 1958
*3  Host : Pinus densiflora Loc. : Narusawa, Yamanashi Pref. Isol. : Nov. 24, 1960
*4 Pine needles 100g, sucrose 20g, dist. water 1/, agar-agar 20g

Sporulation of the causal fungus on agar media

Conidia of the fungus were abundantly produced on the young culture, but none of them
were found on the old cultures which had been transplanted repeatedly on agar media for a
long time (Plate 7, C).

As shown in Table 8, conidia of the fungus (C-1) are produced on all agar media used,
and, among them, very abundantly on Sairo’s soy agar (Fig. 6).

On Sarro’s soy agar, conidia are produced at temperatures ranging from 15 to 25°C, with
the optimum at 20°C (Table 7).

Relation between sporulation and H-ion concentration was tested on water agar medium
regulated by HCIl or NaOH at various pH values. Results obtained after 5 days at 20°C showed
that conidial production was good at pH 2.8~4.6, but did not occur at alkaline side (pH 8.4~
9.0) (Table 9).

Rack and Burix (1973)%% reported that an earlier and more intensified conidia production

i 4

Fig. 6. Conidia of Dothistroma pini produced on agar media ( 1=10)

a. on potato sucrose agar b. on Saire’s soy agar
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Table 9. Effect of H-ion concentrations on conidial formation
of Dothistroma pini. After 5 days at 20°C

pH | 2.8 4.0

Degree of conidial formation | +++ | +++

might be obtained in the case of Dothistroma pini by the following culture condition; Malt
extract agar 2% with pH 5.5 as culture medium, high inoculation density (50~-100 spores per
mm?), temperature 20 + 1°C and collection of spores after a culture period of 10~12 days.

The authors’ detailed account on sporulation of the fungus will be published in the future.

Pathogenicity of the fun ;us

Inoculation experiments with the fungus to Pinus densiflora and P. thunbergii

The fungus (C-1)* was inoculated to potted Pinus densiflora- and P. thunbergii-seedlings.
The inoculum was prepared by breaking the cultured mycelium in sterile distilled water, then
filtering its fragments and conidia through double sheets of cotton cloth. On June 17, 1968,
the fungous suspension was sprayed on needles of 2-year-old seedlings wounded slightly by
fine sand paper or unwounded ones. Check plants were similarly treated except that they
were atomized with sterile water instead of the fungous suspension. The inoculated and check
plants were kept in moist condition by covering with polyethylene bags for 4 days at 19~
22°C.

The first appearance of the symptom was observed on the inoculated wounded needles in
November, 1968, while no symptom appeared on the unwounded needles as well as on the
checks. In January, 1969, many brown lesions with minute black badies were formed on the
inoculated needles. In March, the small black fruit bodies of the causal fungus ruptured the
dead epidermis, and abundant conidia were produced.

Results obtained at the end of the experiment on May 1, 1969 are summarized in Table 10.

Table 10. Result of the inoculation experiments with Dothistroma
pini to Pinus densifiora and P. thunbergii.
June 17, 1968~May 1, 1969

B I
i ; Inoculation Number of |  Degree of
Fing spactes or check Treatment seedlings tested infection
- n ; . | : a0
' ded | 5 e
Inoculation unwoun
i wounded 5 ot ++
Pinus densiflora ! 2
Check unwounded 5 —
wounded 5 ‘ -
. | 5 +
oAl A unwounded
e wounded 5 Al Joi
Pinus thunbergii | e
Check unwounded 5 _
wounded 5 ‘ -

+ Host : Pinus thunbergii Locality : Matsue, Shimane Pref. Isolation : March 26, 1968
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As shown in Table 10, Pinus densiflora and P. thunbergii are equally attacked by the
fungus, and the infection takes place more severely on wounded seedlings than on unwounded
ones (Plate 2, A, B).

Inoculation experiments with the fungus to several conifers

In October 1, 1970, the inoculations with the fungus were carried out by the same proce-
dures as in the previous experiments to the following tree species: Pinus densiflora, P. thun-
bergii, Cryptomeria japonica, and Chamaecyparis oblusa.

As early as in December, bright brown lesions appeared on the tip of inoculated needles
of pines. In March and April, 1971, lesions with small black fruit bodies of the fungus were
found abundantly on inoculated pines, while no lesion was produced on each of Cryptomeria

Japonica and Chamaecyparis obtusa (Table 11),

Table 11. Result of the inoculation experiments with Dothistroma
pini to several conifers. October 1, 1970~May 1, 1971

| “
: [ Inoculation ‘ Number of | Degree of
Tree species f P i Treatment seedlings tested | ERne
. ded 5 ol
I t unwoun
noculation e - 0 2
Pinus densiflora e
5 o
Check unwounde
wounded 5 .
i ded 5 et +
Inoculation MR OLLLY
o wounded 5 +++
Pinus thunbergii - |
Check unwounded 5 =
wounded 5 =
L Tl lrt
Inoculation unwounded 5 [ i
5 —
Cryptamerm . wounded
rponss Check unwounded 5 et
wounded 5 _
| [R—
Inoculation | unwougd;:,d :
Chamaecyparis [ wounde:
bisesa Check unwounded 5 _
wounded 5 _

Inoculation experiments with the fungus to several species of Pinus

In June 17, 1971, the inoculation experiments were made by the same procedures as in the
previous experiments with conidial suspensions as inocula to the following pine species: Pinus
densiflora, P. thunbergii, P. taeda, P. elliottii var. elliottii (P. caribaca), P. pinaster, and P. radiata.

Results of the experiments tested on May 10, 1972 are presented in Table 12 (Plate 2, C).

It is evident from Table 12 that there are no remarkable differences in susceptibility to
the disease among the pine species tested, and the infection is strikingly severe in wounded
needles.

A wide range of species of pine has been found to be susceptible to the disease, but none
is so severely attacked as Pinus radiata (PererRsox 196939, Girson 19641%, Baksur & Sincn 19680,
Cose & Lisey 1968%, Coss & MiLLER 19685, etc.).
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Table 12. Result of the inoculation experiments with Dothistroma pini
to several kinds of Pinus. June 17, 1971~May 10, 1972

i 0 Inoculation Number of D f
B ) egree O
THERSEREIES or check f seedlings tested infection
Inoculation unwounded 4 +
. . wounded 5 T o S
Pinus densiflora
Check unwounded 3 _
wounded ) B!
Inoculation unwounded 5 i
wounded 5 FL e
Pinus thunbergii
Check unwounded 3 e
wounded I 2 e
Inoculation unwounded 5 T AU
wounded 5 + 4+
Pinus taeda
Check unwounded 2 -
wounded 2 _
Inoculation unwougdgd 5% J
Pinus elliottii var wounee | 5 | dita kb
elliottii 2
Check unwounde: 3 -
wounded 2 s
Inoculation unwounded 5 +
wounded 3 +4+4+
Pinus pinaster
Check unwounded | 2 Ly
wounded | ) B
Inoculation unwounded 4 +
wounded 5 cheleidh
Pinus radiata ! !
Check unwounded ‘ 3 )
wounded ‘I 2 s

Note : * killed by white grubs.

So far as the present authors’ experiments are concerned, Pinus radiata is not more sus-
ceptible to the disease than the native species, P. densiflora and P. thunbergrii.

Jancarik (1969)2 found that the incubation period of the disease varied in New Zealand
between 5 weeks and 6 months, depending on the time of vear when infection took place.
Ivory (1972)2 noted that the incubation period was determined as 32107 days, the length
being apparently related to the climate because the shortest period always coincided with
warmest months of the year. Parker (1972)39, studying effect of humidity and temperature
on incubation of the disease, reported that the minimum incubation period in the temperature
range 13~21°C might be expressed either as 4 weeks at the 73~100% in relative humidity,
or as 23 days at 100% RH.

Pererson (1967)39 stated that symptoms of the disease on Austrian and ponderosa pines
were first evident 4 months after first infection in eastern Nebraska, U.S. A. He (1973)% has

recently noted that the time between initial infection and first appearance of symptom varies
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from 11 to 16 weeks.
The authors’ artificial inoculations show that the incubation period of the disease in Japan

may be 2 to 6 months.
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Explanation of Plates

Plate 1

A. Pinus thunbergii attacked by Dothistroma pini, Kitsugi, Shimane Prefecture.
B. Needles of Pinus thunbergii attacked by Dothistroma pini. x 1.2

C. Enlargement of the red band lesion on a needle of Pinus thunbergii. x 50

Plate 2

Result of the inoculation experiments with Dothistroma pini to three species of Pinus.

A. Pinus densiflora. B. Pinus thunbergii. C. Pinus taeda,

Plate 3
Diseased needles of pine trees caused by Dothistroma pini.
A, B. Pinus densiflora. X 2
C. Pinus thunbergii. X 2.5

Plate 4

Diseased needles of pine trees caused by Doathistroma pini collected in Japan.
A. Pinus montana. X 2 B. Pinus jefferevi. X 2 C. Pinus contorta. ¥ 2

Plate 5
Stromata of Dothistroma pini collected in Japan.

A, B. on Pinus densiflora. % 210
C. on Pinus thunbergii. X 250

Plate 6

Stromata of Dothistroma pini collected in foreign countries.
A. on Pinus contorta, Canada. x 230
B. on Pinus radiata, Canada. x 230
C. on Pinus radiata, New Zealand. X 320

Plate 7

A. Germinating conidia of Dothistroma pini, after 32 hours at 20°C. X 400
B. A germinating conidium of Dothistroma pini, after 3 days at 20°C. x 400
C. Conidia of Dothistroma pini produced on potato sucrose agar. X 310
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Plate 8

Mycelial colonies of Dothistroma pini on various agar-media, after 30 days at 20°C.
From left to right: Potato sucrose agar, pine-needle decoction agar, Sairo’s soy agar,
Waksmax’s solution agar, Ricuarns’ solution agar, and Czarex’s solution agar.
A. C-1. Host: Pinus thunbergii Loc.: Matsue, Shimane Pref.
Isolation: March 26, 1968.
B. Cyu-1. Host: Pinus densiflora Loc.: Sakamachi, Hiroshima Pref,
Isolation: July 10, 1958,
C. Cu-2. Host: Pinus densiflora Loc.: Narusawa, Yamanashi Pref.
Isolation: November 24, 1960.
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ASSRIER Dothistroma pini Huisary (1941) 3 74 U AGEKEA ) /A Mic B TA—-2A P T=
w (a—u gty awy) (Pinus nigra var. austriaca) ETHR - BiishiboTH 24, okl
D% 0=y bHET A C MM SN, KEERILERA G, pADERICHHEL, T0HED
BELESNC ERELPICENTV S,

—F, FESETSOEET 7V ADF =T, 4 ¥ H=AELTR vF=TIREVT, chids {IKHA
WThHE5 VT 2=y (Pinus radiata) [T LWHEZS A, £OMNWELAT 2icd EELEH &0
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BEERAERO—2E LTEL ML TI S,

AFHBOMBETEESICE - TRRERINALOIIZ 195248 (FRA1274E) O & T, TOHRBHINCEID
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AWFRER T TIREE, L3, RY, &R, B EEBIUCEROERICANEINTSD,
ZOHFELTR TH=Y, 707y, A7 w¥ <Y (Pinus elliottii var. elliottii), &V 2 )=
(P. montana), ¥ =7 —= (P. jeffereyi), HrFn—+=v (P. ponderosa) ZL X a3/ b4
= (P. contorta) PHIGNTV S,

AR TLE « EEAFICE O TN 5 7h < Y SHoRic KRBAE LT, REEE LOEEL
o Lo ddd, TRBRRTES vy EERCE LOKEEE5AT0 S,

AGiRIE TS Dothistroma pini var. pini, D. pini var. linearis 15 XU D. pini var, keniensis O
SBEMD A EINTNED, DOUEEDOHEIE D. pini var. pini [C—¥F 5, LT, cOHLERTFD
63, HAORED LUSERT ORI BENER DK 20°C 28R LT 5,

ThH=Y, 2oy, F—&=y (Ptaeda), 25 v ¥ <Y, 73 YANAH ¥ av (P pinaster)
BLUS VT 2= 5 ATHERRERD, WIhdREMNT, CoEBRZETAIRYD, VT4
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