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Ring Spot of Poplars Caused by Phyllosticta

populorum SACC. et Roum.

By

Takao KOBAYASHI®® and the late Osamu CHIBA

Summary : Physiology, pathogenicity and life history of the ring spot fungus, Phyl-
losticta populorum Sacc. et Roum., were studied. Pycnospores germinate in temperatures
from 10° to 28°C with the optimum of 25~28°C, and need dew water for their
germination. Difference of H-ion concentration does not much influence the growth of
mycelial colony, but does influence the germination of conidia. Mpycelial colony grows
well and pycnospores are produced well on WaksMmaN’s solution agar, potato sucrose
agar and malt extract agar. Optimum temperatures for the mycelial growth and the
conidial production are from 23° to 25°C. The fungus overwinters within the fallen
diseased leaves, and pycnospores produced in the newly developed pycnidia around the
old lesions serve as the primary infection from April to May. Typical ring spot
symptom develops on poplars belonging to the Section Aigeiros and Leuce, but atypical
symptom on the Section Tacamahaca of Populus. Lesions usually develop through
wounds. On highly susceptible clones they appear too on the sound leaves.

Introduction

In the course of the search on poplar diseases in Japan, several foliage - diseases were
noticed in their remarkable occurrences (Kosavasar & Cmisa 1961). They were the leaf rust
caused by Melampsora larici-populina Kies., the leaf and shoot blight caused by Marssonina brunnea
(ELL. et Ev.) Macnus, the ring spot caused by Phyllosticia populorum Sacc. et Roum., the leaf
blotch caused by Septotis populiperda (Morsz et Suarops) Warterman et Casm, the zonate spot
caused by Pestalotia populi-nigrae Sawapa et Ito, and the small brown spot caused by Phyllosticta
alcides Saccarpo. Among them the ring spot disease seems to be most common on the hybrid
clones of black poplars. As only brief notes on the ring spot disease have hitherto been re-
corded by Vociiwvo (1910) and Burin (1957), certain biological studies of the disease were
conducted. A part of the results was preliminarily reported (Cuisa & Kosavasur 1957, Kopavassat
& Cuisa 1961, 1962). In this paper results of etiological and physiological studies of the causal
fungus are chiefly mentioned with some mycological and life-cycle notes.

The authors are grateful to Dr. Kazuo Ito, Head of Forest Protection Division, Govern-

ment Forest Experiment Station, for his helpful advice throughout the work.

Received April 17, 1974
(1) Laboratory of Forest Pathology, Forest Protection Division
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Symptoms and signs

Disease first appears on leaves of poplars in May to early June. Brown small spot appears
on the upper leaf surface. Often spot develops from the scar fed by.insect. These spots en-
large from 5 to 20 mm in diameter and form clear concentric zones. Central part of the spot
is often broken (Plate 1, A). Concentric zones develop clearly on poplars belonging to the
Section Aigeiros and Leuce of the genus Populus, but not clear on those of the Section
Tacamahaca (Plate 1, A-D). On the under leaf surface spot becomes brown but does not
develop clear ring. Many black points which are pycnidia of the causal fungus are produced
on the spots. Often they are arranged concentrically between zone and zone (Plate 1, B).
Usually one to several spots develop on one leaf and diseased leaves remain for a fairly long
time on the branches. In the highly susceptible species, such as Populus marilandica, P.
serotina, etc., many ring spots’ develop on one 1eaf, and diseased leaves defoliate in a short
time (Plate 1, A). ' * ‘

Morphology of the fungus

Pycnidium immerses within leaf blade and then their tip erupts through epiderm. It is
globular to subglobular and 85~115 X 100~125 um in size. Pycnidial wall is thin, 6~9 um in
thickness, and is composed of parenchymatous cells. Conidiophore bears from the innefmost
cell layer of the wall, and is hyaline, simple and 2~3,5X2um in size. Pycnospore is hyaline,
oblong to cylindric, one-celled, and 6.3~8.8 X 2.1~3.8 um in size with the average of 7.3 X
2.8 pm (Fig. 1).

On poplars thirteen species of Phyllosticta have hitherto been known as shown in Table
1. The Phyllosticta causing ring spot in Japan is identical with Phyllosticta populorum Sacc.
et Roum. in its size and shape of conidia. Syniptom is also identical with those described by
Vocrwo (1910) and Burin (1957) for Phyllosticta populorum. Phyllosticta populina Sacc. which
has similar size of conidia to P. populorum differs from the Jatter in its pale greenish to

pale yellowish conidia. All the other species except Phyllosticta prominens Oup. apparently

a b
00
00
000

(I—1:104)
Fig. 1 Pycnospores of Phyllosticta populorum Sacc. et Roum.
and their germination '
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Table 1. Species of Phyllosticta described on Populus
Species Investigator Perithecium| Conidium Shape of
. conidium
P. populi-nigrae Avrr. | Saccarpo (1895) 15X 2, 5~3.5 s
. : cylindric to
= Stictochorella Prrrax (1925) 70~170 5~13X 1. 5~2
Grove (1935) 100 12~15%2 clavate
P. maculans E. et E. | Saccarpo (1895) 50~70 10~14X3~3.5
P. populorum Sacc. et | Saccarno (1884) 80 6~7X3 P
: elliptic to
Roum. Vocrmo (1910) 80~100 5~7 X 3~4 L
' Buriy (1957) 80~120 57 K 3~4 cylindric
Authors 85~125

6. 3~8.8X2.1~3. 8

P. populina Sacc.

Saccarno (1884)

6X3

elliptic to

Grove (1935) 150 6~8X2.5~3.5 .
Burmy (1957) 150 6~7.5X3~3.7 ovoid
P. prominens Oub. Saccaroo (1906) 120~400 5~7 X 3~5 elliptic to .
; ovoid
P. alcides Sacc. SaccarDpo (1884) 5X3 ovoid: to
Koeavasut & Cuisa (1961) 85~120 4~5.5X2~2.5 elliptic
P. alcides f. americana| Saccaroo (1906) 100~120 7~15%X3~3.5 fusoid to
elliptic
P. longispora Kosay. | Kosavasar & Cuisa (1961) 85~105 |7.5~10.5%X1.5 cylindric
P. osteospora Sacc. Saccarpo (1884) 80~90 o 6~7X1 baciliform
Burin (1957) 80~100 |3.5~6.5X1~1.,5 :
P. populea Sacc. Saccarpo (1884) 3.5X0.5 baciliform
Miuvra (1928) 80~100 3~4X1
P. brunnea .
Deazy. et B. - Dearness (1917) 90~150 4~6X0.75~1 | cylindric
P, ad]mglt]zll;' et Skr. Saccarbo (1931) 120~180 4~5X1 baciliform

differ from P. populorum in their size and shape of conidia.

Phyllosticta prominens Ovp. has

similar size and shape of conidia to those of P. populorum and further study may show. that

they are synonymous.

Its prominent ostiole may be formed under moist condition.

Physiology of the fungus

1. Isolation of the fungus
The fungus was easily isolated through the method established by Kawamura (1934).

Several hand sections of pycnidia were crushed by the needle in a drop of sterilized water.
A drop of copper sulfate was added to this spore suspension and then the suspension was
streaked on 2 % agar-agar plate by the needle of nichrome with spatulate head. Agar plate
streaked ‘with spore suspension was kept at 25°C. Germinated pycnospore was transplanted
to the potato sucrose agar slants with nichrome needle having a small tubular head. Growth
of the colony was fairly fast. Whole surface of the agar slant was covered with the colony
after a week of incubation. Many pycnidia were produced on the colony after two to three
weeks of incubation, and then many conidial drops, pale yellowish brown in color, oozed out

from pycnidia.
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Table 2. Kinds of agar media and their constituents used for the

mycelial growth

Kinds of media Costituent of media (per 1/ of water)
Potato-sucrose agar Potato 200 g, sucrose 20 g, agar 25¢g
Malt-extract agar Malt 1,000 g (saccharized at 65°C), agar 25 g
Bouillon agar Meat extract 10g, peptone 10g, NaCl S5g, agar 25¢g
Yeast-decoction agar Yeast 70 g, agar 25 g
Poplar-leaf-decoction agar | Poplar leaf 100 g, sucrose 20 g, agar 25g
Waksman’s solution agar Peptone 5 g, KHPO; 1 g, MgSO, 0.5g, sucrose 20g, agar 25g
Czarek’s solution agar Ko,HPO, 1 g, KCI 0.5 g, NaNO; 2 g, MgSO, 0.5g, FeSO, 0.01 g,

sucrose 30 g

Table 3. Mycelial growth and conidial production on various agar media

Kmdr;eoafi Potato- | Malt- Bouillon Yeast- Poplar-leaf-] Waksman’s | Czarex’s
4 sucrose | extract decoction | decoction | solution solution

Mycelial _

growth?® it # + + # i
Conidial B
production® 1 1t - - + #t
a) — :None -+ :Creeping mycelia only +H : Moderately i : Vigorous
b) — :None + :Sparse +H :Scatteredly H : Many

2. Mycelial growth of the fungus on various agar media

Growth of the colony on various agar media was examined in the Perri dishes of 90 mm
diameter. Kinds of agar media used and their constituents were shown in Table 2. Mycelial
growth and conidial production on these agar media were examined after two weeks of in-
cubation and result was summarized in Table 3. In this Table, degree of the mycelial growth
was compared relatively, because the mycelial colony grew quite irregularly on poplar-leaf-
decoction agar, Waksman’s solution agar and yeast-decoction agar. As shown in Table 3, the
fungus grew well on malt-extract agar, potato sucrose agar and Waksman’s solution agar,
_ whereas no growth of the colony was observed on bouillon agar. On poplar-leaf-decoction
agar and yeast-decoction agar the fungus developed a thin and flat colony without aerial my-
celia. Among the four kinds of media on which conidial production was observed, Waxsman’s
solution agar was the best for the growth of mycelial colony and the production of conidia.
On poplar-leaf-decoction agar conidia were formed quite sparsely. Size of each forty conidia
produced on four kinds of agar media were measured, and their dimensions were shown in
Figure 2. Pycnospores produced on agar media are somewhat shorter those on host leaves.

3. Growth of the fungus under various temperatures

Growth of myecelial colony and production of conidia on potato sucrose agar plate were
examined after 10 days of incubation under various temperatures. Result was given in
Table 4. The fungus grew at the range of temperatures from 10° to 28°C with the optimum
at 23~25°C. No growth of the colony was observed at 0°, 30° and 35°C (Plate 2, A). Abundant

conidia were produced at 2ll temperatures which could develop the mycelial colony.
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Table 4. Growth of mycelial colony and production of conidia under

various temperatures®

\Tempera-
ture °C 0 10 15 18 20 23 25 28 30 35
S

Growth of
colony (mm)

- 34 39 51 55 70 72 40 — -

Conidial
production

- i # # W # i n - -

a) Mean of two times experiments ; at each experiment 5 PeTrI dishes were used.

a »Os L — a——
a : Populus robusta b : P. gerlica c:P.
b peeOeeee I r——y—] X . . N
deltoides monilifera  d : P. nigrax P. maxi-
[ e L LT | I ——ar—— . . .
mowiczii (Kamabuchi-1) e : Potato sucrose
d LEXIe XXX} I Qe 2 3
agar f : WAKSMAN’s solution agar g:
e FomeOmme s Poplar-leaf-decoction agar h : Malt extract
§ meeeeOeasd agar
9 ~ee0nses . o
h - Fig. 2 Dimensions of pycnospores pro-
. . ) . ) , . . duced on the hosts (a-d) and on
2 3 4 5 6 7 8 9 n the agar media (e-h)
width length

4. Growth of the fungus at various H-ion concentrations

Mycelial growth and conidial production on potato sucrose agar plate regulated at
different H-ion concentrations were examined after 10 days of incubation at 25°C. Result
was presented in Table 5. Difference of H-ion concentration did not influence the mycelial
growth of the fungus except the extreme acidic and alkaline concentrations (Plate 2, B).
Conidial production was recorded only on the colonies grown at alkaline side higher than
pH b5.5. ‘

5. Germination of conidia under various temperatures

Pycnospores produced on Waksman’s solution agar were diluted in sterilized water. Two
per cent agar-agar plates streaked with this spore suspension were kept for 17 hours at
each different temperature. Germination percentage and length of germ-tube were calculated
and measured. Judged from the result shown in Figure 3, optimum temperature for germina-

tion of the pycnospore seems to be from 20° to 28°C.

Table 5. Growth of mycelial colony and production of conidia at different

H-ion concentrations®

pH ; initial 3 4 5 5.5 6 7 8 9
after sterilizad 4.5 4.8 5.5 5.5 5.5 6.3 6.8 7.5
Growth of colony ’
(mm) 68 71 84 85 79 78 80 71
Conidial _ — |
production + + I + + - +

a). Mean of two times experiments ; at each experiment 5 PETRI dishes were used.
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% 0
100} 200
[ %
801 1 -] S
60} 1 60}
1100
40} 40r
20} 20
0 10 15 20 25 30 35
——O—— : Germination percentage Fig: 4 Germination of pycnospores-at dif-
44444 Qv Length of germ tube ferent H-ion concentrations after
Fig. 3 Germination of pycnospores under . 17 hours at 25°C.

various temperatures after 17 hours.

6. Germination of conidia at different H-ion concentrations

Nine test tubes having 20m/ of the conidial suspension were regulated at each H-ion
concentration with HCl or NaOH solution. Slide glassés,l each having a drop of» the suspen-
sion, were placed in the moistened Perri dishes and were képt at 25°C; After '17~Ah0urs,
germination was observed and percentage was calculated. As shown in Figure 4 optimum
range of H-ion concentration for germination of pycnospore was fairly defined in compari-
son with that for the mycelial growth. Lower percentage of the conidial .germination was
recorded at acidic concentration lower than pH 4 and alkaline higher than 8.

7. Germination of conidia under different relative humidities

A drop of conidial suspension was placed on a slide glass and was once dried. Then the
slide glass was transferred into the desiccator, its atmospheric humidity regulated with
saturated salt solution. As the control a slide glass with a drop of conidial suspension was
kept within the moistened Perri dish. After 17 hours, germination of conidia was examined.
As shown in Table 6, no germination was recorded on all slides tested except the control
slide having a drop of spore suspension without desiccation. Conidia of the fungus apparently

need the dew of water for their germination.
Pathogenicity of the fungus

1. Field observation »

Occurrence of the ring spot disease on various poplar clones was surveyed chiefly in
four nurseries, that is, Koishikawa and Tanashi nurseries of the Tokyo University and
Asakawa and Kamabuchi nurseries of the Government Forest Experiment Station. Results
were shown in Tables 7 and 8. Among the many poplar clones surveyed, several hybrid
clones of black poplar seemed to be highly sus‘ceptible and the disease was found on the
leaves of almost all clones belonging to the Section Aigeiros of the genus Populus. Poplars
belonging to the Section Leuce and Tacamahaca include many clones without the disease.
 Black poplars and their hybrids seem to be more susceptible than white poplars, aspens and

balsam poplars. On aspens and balsam poplars the small brown spot disease caused by
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Table 6. Germination of conidia under various humidities in atmosphere

Relative humidity | A drop -of 100% 98 95 94 92 87
(Kinds of salt) suspension | (H,0) (K2S0s) |(NagHPOy)| (KNOg) |(KHPOY| (KCD
Germination ’
percentage 84 0 : 0 ( 0 ‘ 0 { 0 } 0
Table 7. Occurrence of ring spot disease on various poplar clones
Section of Populus Number of clones | No. of diseased cl. ‘ Percentage
Leuce and their hybrids 22 4 18
Aigeiros and their hybrids 49 39 80
Tacamahaca and their hybrids 12 7 . 58
Table 8. Occurrence of the ring spot disease on various poplar clones
Section of Populus Species on which ring spot disease was observed*
Leuce (white poplars,
aspens) and their sieboldii-; albaX sieboldii ; albaX davidiana
hybrids
Leuce X Aigeiros davidiana X monilifera
Aigeiros nigra ; deltoides ; deltoides missouriensis ; deltoi_des monilifera ;
(black poplars) japono-gigas ; wislizenii ; serotina ; serotina erecta ; robusta ;
and their hybrids regenerata ; marilandica ; - bachelieri ; gerlica ; grandis ;- eckhof ;
‘ jacometii ; eucalyptus ; carolina ; canadensis 1-455; » 1-214;

v 1-154; » 1-172; » 1-224; o« 1-228; » 1-476; » I1-45/51;
" LK-67; » LK-79;LK-83; » LW-42; » LW-30; deltoides
X nigra caundina ; nigra X deltoides monilifera )

AigeirosX Tacamahaca | berolinensis ; nigra X laurifolia ; nigra X trichocarpa ;_ wnigra X maxi-
mowiczii ; maximowiczii X berolinensis ; generosaXnigra

Tacamahaca (balsam maximowiczii ; Simonii ; maximowiczii X trichocarpa ; koreana X
poplars) and their .
hybrids trichocarpa

* Gothic indicates highly susceptible.

Phyllosticta .alcides Sacc. was commonly observed.

2. Inoculation experiment

To confirm the pathogenicity of the ring spot fungus, two inoculation series were con-
ducted. About one-month-old colony of the fungus grown on potato sucrose agar slant was
crushed within a mortar and was diluted with sterilized water. This mycelial and conidial
suspension was used as the inoculum. One-year-old cuttings were used for the inoculation
test carried out in April and current-year’s cuttings for the test in October. -In each leaf of
the saplings 10 holes were pierced with a pin and sprayed with the inoculum suspension.
Inoculated part of the sapling was covered with a polyethylene bag for 3vday's. Whole
nursery bed growing the inoculated saplihgs were sheltered with a marsh-reed screen for a
week after inoculation. Development of lesions on the wounded and unwounded leaves was

examined after 1, 3 and 4 weeks from inoculation. ~Results obtained were given in Table 9
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Table 9. Result of the inoculation experiments carried in the spring
(4 weeks after inoculation)

Section and species of Pin-holed leaves Sound leaves
Inoculated| Diseased » [Inoculated| Diseased
Populus leaves leaves Degree leaves leaves Degree
° alba 10 10 + 19 5 +
:5: davidiana X canescens 7 7(2) | +++ 15 5 +
— davidiana X sieboldii 40 4 44+ 32 11 +
japono-gigas v 9% 9(1) ++ 10 3 +
§ eckhof 5 5 + 11 0 —
'0;-?0 robusta 100 7(1) + 4+ 7 2 +
= canadensis 1-214 4 4(3) ++ 11 6 ++
canadensis 1-45/51 79 4(1) ++ 6 0 —
§ Maximowiczii 28 2 ++ 13 2 +
{g% simonii 100 10(2) + 17 0 -
S ! L
S E O vomsis 169 16(1) ++ 18 1 +
a) 10 pin-holes per leaf b) 5 pin-holes per leaf ¢) Number of leaves developed lesion from
unwounded part d) — :No lesions + :Lesions developed less than 1/3 of the leaves ++ :1/3
to 1/2 ++- : more than 1/2
Table 10. Result of inoculation experiment carried in autumn
(4 weeks after inoculation)
Section and species Pin-holed leaves Sound leaves
of Populus  |Inoculated Diseased - Inoculateﬁ Diseased X
leaves leaves Degree leaves leaves Degree®
o alba 4 4 + 4 1 + -
2 steboldii 10 10 + 10 1 +
= davidiana 5 5 + 5 0 -
deltoides 14 14 +++ 14 0 —
deltoides missouriensis 9 9 ++ 9 0 -
deltoides monilifera 4 4 + 4 0 —
Jjapono-gigas 10 10 + 10 0 —
serotina 4 4 +++ 7 0 —
bachelieri 7 7 + 7 0 —
2 eckhof 9 9 + 9 0 —
5| leipzig 9 9 + 9 0 -
0 jacometii 11 11 + 11 0 —
< carolina 9 9 ++ 9 0 -
grandis 9 9 + + 9 0 -
robusta 10 10 + 4+ + 10 2 +
marilandica 9 9 +++ 9 0 —
canadensis 1-154 9 9 + 9 0 —
canadensis 1-214 8 8 + 8 0 —
deltoides X trichocarpa 6 6 +++ 6 6 +
S | maximowiczii 8 7 + 8 0 —
o8 simonii 10 10 ++ 10 1 +
S g | koreana 9 9 ++ 9 2 +
= rochester 9 9 ++ 9 2 +
a) lastocarpa 4 4 + 4 0 —
a) Section Leucoides b) — :Lesion did not develop -+ : Lesion developed less than 1/3 of the

leaves ++ :1/3 to 1/2 +-++ : Leaves defoliated
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and 10. The ring spot fungus easily developed the lesions from the pin-holed wounds on all
tested species of Populus (Plate 2, C-E; 3, A-D). Apparent ring spot lesions also occurred
on the unwounded sound leaves of several species of Populus' (Plate 3, D). In these cases
most lesions appéared from the margin of leaves. In several susceptible clones of poplars
all inoculated leaves defoliated within 4 weeks after inoculation which was carried out in
October. Among 28 clones tested, Populus deltoides, P. serotica, P. robusta, P. marilandica, P.
deltoides X P. trichocarpa, P. davidiana X P. sieboldii, P. canadensis 1-214 and P. davidiana X P.
canescens seemed to be highly susceptible to the ring spot fungus. Susceptibility of poplar
clones to this disease in the inoculation experiments is identical with that observed in the
field.

From the field survey and inoculation test it is concluded on the pathogenicity of Phyl-
losticta populorum that the fungus easily develops lesions from small wound of the leaves
such as the scar fed by insect, and that it can develop lesions on sound leaves of the several

susceptible clones.
Life history of the fungus

To know the life history and the source of the primary infection of the fungus, an
experiment was carried out from autumn of 1958 to spring of 1959. Diseased leaves of
Populus marilandica and P. canadensis 1-455, which were collected from Asakawa nursery,
were placed out of doors in wire cages and materials were observed at one-month intervals.
Result of this observation is summarized in Table 11. Conidia of the fungus on the diseased
leaves once disappeared completely in December. However, the young immature pycnidia
were newly formed on the leaves around the old lesions in February of the next year.
These pycnidia matured in early April. Newly produced pycnospores which served as a
source of primary infection disappeared in late May. No formation of the perfect stage of

this fungus was observed after all.

Table 11. Overwintering of the ring spot fungus on the fallen

diseased leaves

Formation of pycnospores )
Date observed P— Pz ‘IWi i ‘é esn i Observation notes
Oct. 18, 1958 + + Numerous pycnospores remained
Dec. 2, 1958 - — Pycnospores disappeared
Feb. 28, 1959 + + Immature pycnidia found around old lesions
March 20, 1959 + + ” ’
April 13, 1959 + + Pycnidia matured, pycnospore numerous
April 28, 1959 + + ”
May 26, 1959 - Pycnospores disappeared
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Explanation of plates

Plate 1
A~D : Symptoms of the ring spot disease on various poplar clones

A : Typical ring spot on Populus canadensis LK-83, X1.2
B : A large ring spot showing concentric formation of pycnidia, on Populus eckhof,
X1.5
C : Typical small spot on Populus albaX P. sieboldii (Hirayoshi-2), X 1.2
D : Atypical spot on Populus nigraxX P. maximowiczii (Kamabuchi-1), X1
E : Pycnidium having numerous pycnospores, on Populus marilandica, X180
F : Pycnidium showing an ostiole, on Populus leipzig, X240
Plate 2

A : Growth of mycelial colony under various temperatures
a:0°C b:10°C c:15°C d:18°C e:20°C f:23°C g:25°C
h:28°C i:30°C j:85°C

B : Growth of mycelial colony at different H-ion concentrations
a:4.5 b:4.8 c:5.5 d:5.5 e:5.5 £:6.3 g:6.8

C~E : Inoculation experiment onto the pin-holed leaves, X1.2

C : Populus sieboldii, inoculated in October

D : Populus maximowicziiX P. berolinensis, inoculated in April

E : Populus simonii, inoculated in April

A~D : Inoculation experiment onto the pin-holed leaves, X1.2
: Populus rochester, inoculated in October

: Populus deltoides, inoculated in October

: Populus alba, inoculated in Octobor

Uowp

: Populus davidianaX P. canescens, inoculated in April
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R 7 B OWmBLR (Phyllosticta populorum Sacc. et Roum.) (32 X U (Melampsora larici-populina),
v/ = F KR (Marssonina brunnea), &7 b F REE (Septotis populiperda), = Z 2 o F T
(Pestalotia populi-nigrae), I X UC/NEIEIK (Phyllosticta alcides) & & 1T, KFART 5 Hic i
MO L BAMREL O BT BEEREQVLEDOTH B, AR ICD WV T, E¥MRHOE»IC
Voerivo (1910) £ L7F Burin (1957) BT hATLARBBEEREDNTVBICT XS, 2 DLk
OV, FERH, ABEEREREAZAONTHEN, KER NS DA DVTORE, ERER
DRI BDTH b, FHERO—WITTTIT W INC 4% Lz (Cusa & Kosavasar 1957, Kosavass &
Cuisa 1961, 1962) 45, T TREZNL&IbLETED T EWDT,

AR IREICBETREOROFRIAETEE L, WHE LIOEREONTBRELHO/NRAE LTERT 2008
¥ ThHsb (Plate 1, A-C), BWABMETERT IBOMD 5 WIIZMERIC X - TR OFATREICHEL
DBy Hhic (Tables 7, 8), —ffic Aligeiros fiCAE/E T 547 5 8 (black poplars) I ASEIC &
D D% {, Leuce fi (white poplars B X7} aspen) # k¥ Tacamahaca i (balsam poplars)
DORT FICIARBORESIRD GNIZNT 0 —vEE{BEATNS, &I Tacamahaca HiOR 75T
334 UCHHRBMITIRIRIE D 5720 (Plate 1, D), HERERBRTIH, BicHTREDILEL,
TRTCOHH 7 0 -V THS L XOBHOERBED SN, FHZDILDOE LD o— T3, KK
DUOADY DREBEH L L, DLOMERMCSHROIER DD bz (Tables 9, 10; Plate 2, C-E,
3, A-D), A AA SHERROBRIER BT 2ETNEZ LY L, ARET—BICEROEESLLED
B SREEER L, BZFHOEmOHET 7 CTREBECOREEAERTLIb0EELI NG,

AR EIEFTRA L, BE4~5 JICHEVEHOABRICEH S, WA LUCHFRhomBTE (54
JoF) Ik - THE—REEBTEDONE DD EADbIE (Table 11), MWAREE LICE T 3 KKHETFO
AR DIERRITRD 51T,

AFRE DML T13 23~28°C ZFIFEH & L Figure 3), pH5~6 A 4HHPH & 3 2 (Figure 4), /K
WHTREVRERL LOTH, Dot AR EEXEE 100% Th > THHHFE LI (Table 6),

7y ) AT VERERKEM, Ve iAeBRERE XOEFHEREH L CHARBEOREZ 5 2 BIT:
HEEL, ZEORALUIHTBREERT S, R IECAHEREMTRAEBTONTFROER AL T
Hotoe Vr Ny s REXREME LOBAHEREMTRIWFROERIZAD NG, 74 3 vEREEMR
TRESTCEBBRONGE o7 (Table 3), ¥+ H4 BEKEEM ETOBEZ S DAEB I 23~25°CT
BIFTHY, WZHDEE L EDRET O ERT ORIFEESSED 5/ (Table 4, Plate 2, A),
pH BERHEZTHIDEBICEREAEZE LD, pH 4.8 XM TROLIRTOERKIZED Shvig
» o7z (Table 5, Plate 2, B), Ml RicJER I N2 AERRFIE, AROFEY RICER SN ea4BmFIC
WUT, EEMEWE%EET % (Figure 2),

19744 4 R17TR3E
L # % K



—Plate 1— WERBRIBTERE #2685
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—Plate 3— WERBRIETIRMS 2085






