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STUDIES ON THE CULTURAL EXPERIMENTS 
OF THE FERN RUSTS OF ABIES IN JAPAN. II 

By 

Senji Karnei 

III. SPECIES OF MILESINA 

A. THE LIFE HISTORY STUDIES 

(1) Review of literat1tre 

The first aecidial phase of lIIilesina from artificial cultures was 
that of j}I. Blechni SYDOW, obtained by KLEBAHN (1916) in 1915. From 
):Iay to June, the basidiospores formed on overwintered fronds of 
Blechnllrn Spicant -WITH. were inoculated on young leaves of Abies alba, 
Picea Abies (L.) KARST. and Abies cephalonica LOUD. seedlings. They 
-were incubated under bell-glass for six days. The results were negative 
in Picea seedlings and successful in both of two Abies. The mature 
aecidia were obtained after 31-61 days, varying according to the -ino­
culated plants. With the aecidiospores obtained frOl11 the cultures, back 
inoculations were made on Blechn1lm Spicant, Dryopteris spinulosa 
KUNZE and Scolopendrimn vulgare SMITH, resulting in positive infec­
tions on Blechnwm fern only. 

In 1924-1927, FAULL and his collaborators made similar but inten­
sive inoculation experiments with Milesina intennedia (FAULL) HIRA­
TSUKA, f., M. marginalis FAULL & WATSON and M. polypoclophila FAULL 
(FAULL, 1929,1934). The collections of the teleutosporic materials and 
the inoculation experiments of these rusts were both made in Timagami 
Forest Reserve, Ontario. The experiments were always conducted out­
of-doors. HUBERT'S celluloid cylinder method (HUBERT, 1916) modified 
by FAULL was adopted in most inoculations. In M. intermedia and 
irI. margl:nalis the procedures of the experiments and the results were 
somewhat similar to each other. In the former species, with the basidio­
spores on the overwintered fronds of Dryopteris spimllosa val'. intennedia­
LXDERW. and in the latter species with those on D. marginalis'A. GRAY, 
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more than thirty inoculations for each species were conducted on A.bie8 
bulsamea in June to July of two seasons. The results were that, after 
the appearance of lesions and spermogonia in order, the first aecidial 
sori were obtained after 34 days (average of 30 cases) in Milesina 
'intel'media, and after 43 days (average of 38 cases) in M. marginalis. 
Reciprocal inoculations with the obtained aecidiospores were also made 
during August. In M. intermedia, resulting teleutospores were detected 
in the next spring in each of six cases of Dryopteris spinttlosa 
and its val'. intermedia. No infections were obtained on Dryopteris 
lnarginalis, D. cristata GRAY, D. [mgrans SCHOTT and Polystichum 
acrostichoides SCHOTT. In Milesina marginalis resulted uredospores 
and teleutospores were obtained in the next spring in nine cases con­
cerning Dryopteris marginal1·s. No infections were gained on Dryopteri:,; 
cristata, D. [mgrans, D. spinulosa, val'. intermedia, Polyp odium vil'­
ginianttm L. and Polystichmn acrostichoides. In Milesina polypodophila, 
the featUres of the life cycle were a little different from those of the 
two rusts mentioned above. With the inocula derived from the over­
wintered fronds of Polypodito'lt virginianmn, fourteen basidiospore ino­
culations on Abies balsamea were carried out on June 21, 1924. The 
inoculated plants were closely examined from time to time thereafter. 
Xevertheless, during the 1924 as well as the 1925 season they showed 
no obvious sign of infections. "By midsummer of 1926 needles on some 
of the experiments were more certainly paler and samples of these were 
found to contain mycelium." At last in July 1927, three inoculated 
plants bore spermogonia and after a month longer aecidia also.' "In 
every instance the sori were restricted to the needles of 1924." The 
inoculations with the aecidiospores (Pel'idermiUln pycnogrande BELL) 
were made in August 1924 on Poly:pocli1(JU virginianwn. Among eighteen 
cases all were successful in producing uredosori or uredosori and teleuto­
spores. The uredosori were in some experiments seen in September in 
the same season, but in some cases observed in June of the next year 
at the same time with teleutospores. Dryopteris marginalis and D. inter­
media which were inoculated with the aecidiospores, revealed 110 in­
fections. 

On Milesina [rlletuosa (FAULL) HIRATSUKA, f., experiments were 
executed in the Arnold Arboretum of Harvard University by FAULL 
(F AULL, 1934). The teleutosporic materials were collected from a 
point in the State of Massachusetts. With the. basidiospores on the 
overwintered fronds of Dryopteris spinulosa val'. amerieana (FISCH.) 
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FERNALD, "two hundred and eighty-four inoculations in all were made 
on twenty-eight species and eight varieties of Abies" in May to June 
of 1933. The infected firs were Abies amabil1's MURRAY, A. balsamea, 
A. cephalonica, A. concolor LINDL. & GORD., A. Fraseri (PURSH) POIR., 
A. magnifica MURRAY and A. nepMolepis MAXIM. In most of these in­
fected firs, aecidia were produced after 34-42 days. Among· these 
susceptible fir trees the existence of differences in their resistance to 
this rust was admitted. Reciprocal inoculations were not made in this 
species of rusts. 

In 1932, EUGIbm MAYOR (1933) obtained the uredosori of Milesina 
Kriegeriana MAGNUS by sowing t~e aecidiospores of.a white spored 
Peridermittm on Ab1:es alba. collected at Boudry in Switzerland on fronds 
of Dryopteris spinttlosa, partially proving the life history of the rust. 
But his ex::;>eriment was made with inocula which were "not free from 
the uncertainty of intermixtures" as said by HUNTER (1936 a). 

In the spring of 1934, HUNTER (l.c.) made cultures to obtain the 
aecidial phases of lYIilesina Scolapendrii JAAP, 1l1. Dieteliana SYDOW, 
1l1. vogesiaca SYDOW and 1l1. Kriegeriana. The teleutospore materials 
were collected from Ireland and England. The experiments were made 
in London University. The methods of the inoculations were not parti­
cularly different from the cases above mentioned. From April 27th 
to 30th, the basidiospore inoculatiops were conducted: in MilesincL 
Scolopenclrii from Scolopenclri1t111 vulgare to Abies alba and A. con color ; 
in M. Dieteliana from Polypodium vulgare L. to A. alba and A. concolor; 
in lYI. vogesiaca from Polysf'iclwm ang1tlare PRESL to A. alba,' in M. 
Kriegeriana from Dryopteris spintllosa to A. alba, A. concalor and A. 
granclis and in the same rust from D. Filix-mas SCHOTT to A. alba, A. 
con color and A. granclis. The resulted aecidia appeared: in 1l1. 
Scolopenclrii after 54-78 days; in M. Dieteliana after 80 days; in M. 
vagesiacaafter 93 days; in JJI. Kriegeriana on A. alba after 49 days, on 
A. can color after 49-57 days and on A. granclis after 37-56 days. Back 
inoculatiolls were performed in June to August of the same year in 
all the species except M. vogesiaca. In M. Scolopenclrii po~itive results 
were obtained on only Scolopenclrium mdgare after 37-54 days while 
no infections occurred on Blechnum Sp'icant, Dryopteris spin1tlosa val'. 
clilatata UNDERW. and Polystichum ang1tlare. In M. Dieteliana, positive 
results were obtained on only Polypaclium vulgare after 47-69 days, but 
no resul~s on Polystichum angulare and Scolapenclriu1n vulgare. In JJI. 
Kriegeriana, the aecidiospores on Abies cancolor which originated from 
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Dryopteris Filix-mas were positively inoculated on D. Filix-mas (after 
28-47 days) and on D. spin ulosa (after 31 days). .Aecidiospores of 
the same rust on A. grandis which originated from D. spinulosa were 
positively inoculated on D. Filix-mas and D. spin1llosa (after 64 days). 
The aecidiospores on A. alba and A. concolor which originated from D. 
spin1llosa dilatata were positively inoculated on D. spinulosa dilatata, 
D. Filix-mas (after 32 days) and D. spinulosa intermedia (after 47 
days) . 

Since 1924, the writer has carried out inoculation experiments in 
Sapporo on Milesina exigtta FAULL, iV!. Dryopteridis KAMEl, M. 1t8ana 
KAMEl, M. jezo~nsis KA~IEI et HIRATSUKA, f., M. Miyabei KAMEl and 
M. sttblevis HIRA'l'SUKA, f. His reports (1930 b, 1931, 1932 b, 1935 a 
and 1935 b) have already shown some of the results of the experiments, 
but there are still many important data to be considered as presented 
in the following paragraphs. 

Uredospore inoculations of some species of Milesina were made by 
KLEBAHN (1916) and also by the writer as shown in this' report. 

Thus among 51 species of Milesina now recognized, only 15 species 
have been proved to have the aecidial phases on Abies by KLEBAHN, 
FAULL, MAYOR, HUNTER and KA:YIEl as shown in Table 84 in this paper. 

(2) Materials and methods of culture experiments 

The teleutospores of Milesina Dryopteridis, M. 1t8ana, M. jezoensis, 
M. Miyabei and M. sttblevis are formed in the early summer inside of 
the tissue of overwintered fronds. In M. exigua teleut;spores often 
developed on current year fronds somewhat similar to cases of the 
species of Uredinops1:s. So, the materials for inoculations with basidio­
spores were mostly collected just before the inoculation experiments 
in the early summer. Heavily affected fronds, bearing teleutospores 
on the discolored portions, were selected in the field, and brought 
into the laboratory. .After being soaked in water, they were deposited 
in the moist chamber inside of Peti'i dishes which were' placed on the 
desk of the laboratory. Frequently it was experienced that the basi­
diospores had emerged copiously just when they were collected in the 
field and were quite ready for prompt use. The procedures used 111 

the inoculation experiments either in the case of basidiospores or 
aecidiospores were quite the same as in the case of the species of 
U redinopsis described above in this paper. 
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10. Milesina Dryopteridis KAMEl 

Historical review of the f1lng1ls. The present rust was first 
described by the writer (1932 b) after a partial proof of its life history. 
FAULL (1932) in his monograph of Milesia added his remarks concerning 
the taxonomy of this fungus. Recently HIRATSUKA, f. (1932 c, 1936 c) 
gave a redescription and mentioned the unrecorded localities of this rust 
in Hokkaido and Honshu. Recently ITo & HOMMA (1938) published 
the description of the aecidial phase which was prepared by the present 
writer himself. ITo (1938) described this rust very recently .. 

Personal observations. Rnsted fern. In Hokkaido, the host, 
Polystich10n Standishii C. CHR. is found as a constituent of the under­
growth of the primeval forests. The fronds are especially tenacious 
and adapted for the overwintering habit., Professor MIYABE gathered 
the rust specimen early, on May 7, 1890, at Maruyama llear Sapporo. 
The type specimen and inoculation materials were also collected from 
the same place by the present writer. From the writer's own herbarium 
Provinces Ishikari, Iburi and Teshio may be mentioned as localities of 
this rust in Hokkaido. Among 11 collections five of them are specimens 
on current year fronds and the earliest is dated Aug. 26. In this speci­
men most of the pinnae showed but slight discoloration around the 
uredosori. Even in the specimen obtained on Nov. 11th, the discolora­
tion was not very prominent. But specimens of overwintered fronds 
collected in the earlier summer were usually heavily attacked, and the 
pinnae as well as petioles and stipes were seen to ?e covered with 
punctate minute pnstules changing the color of the tissue to brownish 
or almost blackish. The discolorations of the fronds were more con­
spicuous on the upper surface. r n such heavily affected areas teleuto­
spores were developed inside the epidermal cells of the undersurface. 
In the early SUlllmer when the teleutospores had germinated, such 
discolored parts were covered with thin whitish films of the mass of 
basidiospores which were quite readily available for inoculation experi­
ments. 

Inoculations with basidiospores. Among 6 seedlings of Abies 
J/IJ ayriana inoculated in two seasons, three have shown positive results. 
The first appearance of ye~low spots was recognized after 9 days, the 
spermogonia after 21-38 days and the aecidia after 71 days on Aug. 26th 
in only one case as shown~l PI. I, fig. c. On Sept. 1st four needles were 
detected to bear aecidia. Nevertheless some other affected needles were 
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shown even on Sept. 31'd to have spermogonia, which were vigorously 
producing spermatial fluid. Inside of these spermogonia there were 
seen such comparatively long hyphae as are shown in PI. VII, fig. 17 f. 
The area in which spermogonia were produced was discolored yellowish 
and more or less sharply delimited and contrasted with greenish healthy 
portion. The lesions were seen even in November. Comparing these 
results with cases of the speci!ls of Uredinopsis and certain Milesina, 
the incubation periods up to the production of spermogonia and 
especially of aecidia are far longer. 

TABLE 48. Inoculations with basidiospores of M. Dryopteridis 

App.of App. of 

Exp.no. Inocula Fir inoc. Date of sperm. aecid. Remarks inoc. 
No. of days 

I. 218 Bnsidiospores A.M.XVIll Je.26,1931 38 - Laboratory 
on Polyst. St. 

Maruyama, 
Je.16,1931 " Yellow spot 

" 279 " Moiwa, " III" Je.16,1934 73' - appeared after 
Je.13,1934 9 days 

" 280 " " IV,. " 21 71 Laboratory 

Inoculations with aecicliospores. Back inoculations with the aeci­
diospores gained from an experiment on A. Mayriana IV14 were con­
ducted on September 10th in 1934 on cut fresh fronds of Polystichum 
Stanclishii laid inside of Petri dishes. Uredospores were obtained after 
16 days at the two inoculated portions of the fronds (PI. III, fig. j). 

The description of the species is as follows:-

Milesina Dryopteridis KAMEl in Trans. Sapporo Nat. Hist. Soc. 
XII, p. 171, 1932-lT6 & HOMMA in Trans. Sapporo Nat. Hist. Soc. XV, 
p. 115, 1938. 

Syn. Milesia Dryoptericlis FAULL, in Contrib. Arnold Arb. Harvard 
Univ. II, p. 130, 1932. 

Spermogonia on needles of current season, hypophyllous, inconspicu­
ous, distinct under the lens, scattered almost in rows on stomatiferous 
surface of more or less discolored and slightly deformed part, occupying 
a restricted portion or whole of a leaf, minute, medium in number, 
usually discrete, roundish in face view, colorless, in sections subcuticular, 
immersed, up to half of the mesophyll, flattened globose to almost 
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spherical, 135.6-169 X 110.5-166 fl; openings mostly slit-like, situated 
mostly on interstomatal space, elongated up to 130 fl in direction of 
longitudinal axis of the organ, up to 52 fl broad; spermatiophores un­
branched, septate, subulate, averaging about 25 fl long, 2-4 fl broad, con­
vergent; spermatia oblong, oblongo-cylindrical to rod-like, 5.0-7.5 X 1.2-
2.0 fl, colorless, smooth (PI. V, fig. a; VII, fig. 17 f). 

Aecidia On needles of current season, hypophyllous, arranged in 
two rows, irregularly scattered on opposite sides of the midrib, on more 
or less discolored portions of affected needles, 2-14 per leaf, white, 
cylindrical, up to 2 mm. high, 0.12-0.25 mm. across; peridia colorless, 
rather delicate, ruptured at the apex; peridial cells mostly elongated 
vertically, tetragonal to hexagonal, sides unequal, margin mostly straight 
or rounded, slightly overlapping to make longitudinal rows, 18-24 X 14-
20 fl, inner walls ca. 2 fl (rarely 5 f1) thick, rather finely verrucose, often 
striated; outer walls smooth, thin, ca. 1 fl thick; aecidiospores colorless, 
globoid, ovoidal or sometimes ellipsoidal, 16-25 X 14-23,u, averaging 
19.24 X 16.57 fl, closely but finely verrucose except one side where almost 
smooth; walls colorless, thin, up to l,u thick including tubercles (PI. I, 
fig. c; VI, fig. j). 

Uredosori hypophyllous, on more or less brownish discolored, 
restricted parts or sometimes on greenish areas, often on petioles or 
stipes, irregularly scattered, minute, pustular, covered with yellowish to 
brownish colored epidermis, roundish, 0.11-0.24 mm. across; peridia 
colorless, almost hemispherical, delicate, ruptured at the apex; peridial 
cells small, isodiametrically to irregularly polygonal, 6-14f1 across; 
walls thin, ca. 1.5 f1 thick, colorless, smooth; uredospores colorless, issue 
as powdery white mass, short stalked, obovate, ovate oblong or broadly 
clavate, 22-39 X 14-21fl, averaging 28.8xI7.1f1; ~valls thin, ca. 1,11, color­
less, sparsely and delicately echinulate (PI. III, fig. j; VII, fig. 10 a). 

Teleutosori abundant on overwintered fronds, mostly hypophyllous, 
on dark to almost blackish discolored areas; teleutospores within the­
epidermal cells, sometimes in the guard cells, more or less roundish in 
outline, colorless, divided into 2-20 cells with vertical septa, rarely one 
celled; the cells of the spores more or less roundish or polygonal, 10-22,11: 
long, 6-15,11 broad, with thin, colorless, smoth walls; basidiospores globoid 
to ellipsoidal, 7-11 fl across, colorless (PI. VII, fig. 10 band c). 

Hosts and distribution: 
o and 1. Abies Mayriana MIYABE et KUDO (C7llt7lres)-in 

Japan (Hokkaido). 
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II and III. Polystich1l1n Standt'shii C. CHR.-in Japan (Hok­
kaido and Honshu). 

11. Milesina exigua FAULL 

Historical review of the f1tnglls. This species was named by FAULL 
(1931) based on a uredosporic material parasitic on Polystich1l11l 
Braunii FEE from Poland where it was collected by VVROBLEWSKI. Since. 
then, HIRATSUKA, f. & YOSHIDA (1932), FAULL (1932), HIRATSUKA, f. 
(1932 b, 1932 c, 1935 a, 1935 d, 1936 c), HIRATSUKA, f. & YOSHINAGA 
(1935), HIRATSUKA, f. & HASHIOKA (1937) and fTo (1938) presented 
taxonomic considerations of this rust. Thus it is now known to be 
distributed in Poland and in our country (Formosa, Kiushu, Honshu, 
Korea and Hokkaido). The present writer (1930 b) has alre-ady 
published a life history study of this rust under the specific name ]}1. 
vogesiaca and has described its spermogonial ~nd aecidial phases. 

Personal observations. Rusted ferns. HIRATSUKA, f. & YOSHIDA 
(l.c.) and HIRATSUHA, f. (1936 c) already noted the collections on 
Polystichum Braunii and P. tripteron from Provo Ishikari. According 
to the writer'~ gatherings, the present rust is found 'also on Polystichum 
aculeatum SCHOTT val'. retroso-paleaceun~ KODAMA. So, it was proved 
that M. exigua has three species of host ferns distributed through 
Provinces Ishikari, Iburi, Kitami and Kushiro in Hokkaido. 

From the later summer to the early winter, uredosori were seen 
on fronds and less frequently 011 stipes. Affected: parts were noticed 
first as more or less discolored small spots, which gradually extend over 
the entire surface of each pinna. Discolorations were more conspicuous 
on the 'upper surface. Teleutospores deyelop on discolored and distorted 
areas by the early winter. As materials for the sporidial inoculation 
experiments, rusted fronds of Polystich1t1n aculeatwm var. retroso-palea­
ceum and P. Braunii were collected from Mount Moiwa and Forest 
Nopporo. In the case of the former fern, at least, the frond was gathered 
in the late autumn of the previous year to be used for cultures of 
the next year and positive results were usually obtained. This is ratheT 
different in comparison with other species of Milesina used in this study, 
in which teleutospores develop mostly in the early summer on the 
overwintered fronds. Basidia were observed to measure 50 X 7 {-t and 
basidiospores about 8 X 6 {-t in size as shown in PI. VII, fig. 11 b. 

Inoculations with basidiospores. Basidiospore inoculations were 
conducted repeatedly on the needles of three species of Japanese firs. 
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As shown in Table 49, eight seedlings of Abies Mayriana, two of A. 
sachal1:nensis and one of A. firma were infected. Successful infection 
was denoted by the discoloration of tlie affected spot, the subsequent 
exudation of the spermatial fluid after 13-17 days and the production 
of the aecidial cups in three to four weeks. The period is the shortest 
case among the species of Milesina used in this study. In one case 
an inoculation was made onto needles of a twig of A. Mayriana 
laid inside of a moist chamber with the result, that only spermogonia 
were obtained after 26 days. The late appearance of the organ must 
be due to the extreme abnormal condition of the inoculated plant. Upon 
a careful inspection of the spermogonia that were gained from inocula­
tions, it was noted that between the spermatiophores, there were inter-

Exp. no. 

I. 40 

" 72 

" 94 

" 112 

" 120 

" 125 

" 128 

" 152 

" ]70 

" 189 

" 201 

TABLE 49. Inoculations with basidiospores of M. exigua 

Inocula Fir inot'. Date of inoc. 

App. of I App. of 
sperm. aeeid. 

Remarks 

No. of days 

Basidiospores A.M. XIII, Je. 4, 1924 20 
I 

27 G"ecnhouse 
on Polyst. acul. 

I v. retr. pal., Mo-
iwa, Aug. 1923 

" Oct. 25~ 1924 " XVI. Je. 6, 1925 17 54' Out-of-doors. 

" Oct. 24, 1925 " III. Je. 7, 1926 19 - Laboratory 

" " XXI. Jc. 17, 1926 20 28t " 
" A. S. III. Je. 6, 1926 20 42~* " 
" " VIII? Je. 17, 1926* 20* 4M* Ont-of-doors 

" A.f. T. Je. 17, 1926 14 27 " 
" Moiwa, Aug., 

1927 A.M. V.* May 30,]928 20* 27* Laboratory 

" :'Ioiwu, Aug., 
1925 " V. Je. 4. 1929 13 21 Out-of· doors 

Basidiospores 
on Polyst. Br., 
Nopporo, Apr. 
20,1930 " X,. Je. 5, 1930 12 19 Laboratory 

" " XXl. Je. 5, 1930 26 - " Fir twig in 
Petri dish 

Data indicated by the asterisk are different from those in the writer's previous 
publication (1930b) which should be corrected as in this table. The inocula 
on Abies in the cases of Expt. nos. 40-170 were always obtained from the 
fronds of Polystichum aculeatum val'. retroso-paleaceum and the previous 
record that they came from P. Braunii should here be corrected. In the 
inoculations on nos. 189 and 20i the inocula were obtained from the fronds 
of P. Braunii. 
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posed some elongated hypha-like bodies which cOl'respond to the "flexuous 
hyphae," already mentioned by HUNTER (1936 c) in connection with the 
species of Milesina and other 'genera of lVlelampsoraceae. They were 
often somewhat inflated at the apex and surpassed the spermatiophores 
in length as shown in Fig. 5 a in page 139 and PI. VII, fig. 17 g. 

Inoculations with aecidiospores. After ·17 days from the aecidio­
spore inoculations on the portions of a frond of potted Polystichwrn 
Bra1tnii, several uredopustules were seen to be developed. In both of 
two Petri dishes, on the other hand, the pustules came out 13 days after. 
H happened that no inoculation was made on the fronds of P. aculeatum 
val' retroso-paleaCe1tm, from which plant the basidiospores in most of 
the inoculations were derived. But the positive result of the inoculation 
is beyond all doubt considering the similar cases of experiments in other 
related rusts. 

TABLE 50. Inoculations with accidiospmes of M. exigua. 

App. of 

Exp.no. Inocula Fern inoe. Date of. uredos. Remarks inoe. -
No. of days 

II. 44 Aeeidiospores Polystichurn Jy. 32,1924 17 Corridor. Diseolora-
on A.M. XIII. Braunii tioll came after 12 

days 

" 88 " A.f. I. " Aug. 27,1926 13 In Petri dish 

The description of the aecidial phase of this rust is as follows:-

Milesina exigua FAULL in Journ. Arnold Arb. XII, p. 219, 1931. 
Syn. Milesina vogesiaca (non SYDOW) KAMEl in Trans. Sapporo Nat. 
Hist. Soc. XI, p. 146, fig. 1 B, 2 A and B, 1930. 

Milesia exigua FAULL in Contrib. Arnold Arb., Harvard Dniv. II, 
p. 100, 1932. 

Milesina Polystichi-trilJtel'i HIRATSUKA, f. in. FAULL in Contrib. 
Arnold Arb., Hanard Dniv. II, p. 102, 1932. 

Spermogollia on needles of current season, amphigenous, mostly 
hypophyllous, colorless at first, later becoming browpish, more or less 
circular in face view, isolated or confluent, irregularly scattered on more 
or less yellowish discolored areas, mostly on stomatiferous surface, some­
times even on the midrib, minute, abundant, clearly seen with hand-lens; 
in sections subcuticular, immersed up to half of the leaf thickness, 
subspherical to flask-shaped, 122-177.5,u broad in longitudinal sections, 
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148-203,u broad in transverse sections, 110-163,u high; openings mostly 
slit-like, situated on interstomatal spaces, elongated in direction of long 
axis of the needles, 96.8 X 39.6,u in average; spermatiophores unbranched, 
septate, obclavate, ca. 30,u in length, 3.u broad, convergent; spermatia 
oblollgo-cylindric to vermicular, 4.5-7.0 X 1.5-2.2,u, with rounded or 
truncate ends, smooth, colorless (PI. II, fig. i; V, fig. b; VII, fig. 17 g). 

Aecidia bypophyllous, on needles of ~urrent season, arranged in 
two rows, one on each side of the midrib, mostly on discolored areas, 
irregularly scattered, 3-20 per leaf, white, cylindrical, 0.25-0.36 mm. 
across, 0.5 mm. in height; peridia colorless, coniparatively firm, opened 
at the apex; peridial cells mostly vertically elongated, with unequal 
sides, hexagonal, margin more often rounded, overlapping, 22.5-48.3 
X 11.3-25.6,u, averaging 33.13 X 18.22 ,u, inner walls comparatively thick, 
up to 4,u including tubercles, rather coarsely verrucose, somewhat 
striated, outer walls thinner, about 1,u, smooth; aecidiospores colorless, 
globose to ellipsoidal,. 18-30 X 13-23 ,u, averaging 22.3 X 18.49,u, closely 
but rather coarsely verrucose except one side where almost smooth; 
walls thin, about 1,u thick including tubercles, colorless (PI. II, fig. i; 
VI, fig. k). 

II and III are as described by previous authors such as FAULL 
(1932) and HIRATSUKA, f. (1936 c) . 

Hosts and distribution: 
o and 1. Abies Mayriana MIYABE et KUDO (Cult1l1'es), Abies 

sachalinensis FR. SCHM. (Cultnres) and Abies firma SlEB. et Zucco 
(Cult1lres)-in Japan (Hokkaido). 

II and III. Hypolepis punctaia METT.-in Japan (Formosa). 
Microlepis strigosCl PREsrr-in Japan (Formosa 

and Shikoku). 
Polyst1'chnm acnleaillln SCHOTT val'. japonicum H. 

OHRIST-in Japan (Honshu and Kiushu). 
Polystich10n aC1ileat1lln SCHOTT val'. 1'etroso-pClle­

acewn KODA",IA-in Japan (Honshu and Hokkaido) . 
• 

Polystichum Bra1tnii FEE-in Japan(Honshll and 
Hokkaido) and Poland. 

Polystich10n tripteron PREsrr-in Japan (Honshu, 
Hokkaido and Korea) and Ussuri. 

12. Milesina Itoana KAMEl 

Historical review of the fungus. This rust was first described by 
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the writer (1935 b) and the diagnosis of all stages and the process of 
the life cycle have been preliminarily published. HIRATSUKA, f. (1936 c) 
and ITo (1938) recently redescribed it. " 

Personal observations . . Rusted fern. The rust is now known only 
from the Provinces Ishikari, Iburi and Kushiro of Hokkaido. As 
already reported by the writer, the first observations of. the uredo- as 
well as teleutospores were made when he succeeded in obtaining positive 
results from tentative inoculations on the fronds of Dryopteris crassi­
rhizoma with the aecidiospores of a Peridermium on Abies lYlayriana 
collected from the Nopporo Forest on Oct. 26, 1925. Such inoculation 
experiments thereafter, were repeatedly made with like results. How­
ever, such uredospores as those derived "from the inoculations were not 
obtained from the field until quite recently because of the lack of know­
ledge of peculiar characters in the course of development of this 
rust. On the 5th of April 1935, when visiting the Nopporo Forest, 
in a certain restricted small area, the writer was fortunate in being 
able to collect the first specimen of the uredosori as well as teleutospores 
on overwintered fronds. The collections were made from a location 
where a group of about 20-year old trees of Abies lYlayriana which had 
been severely attacked by the white spored peridermia in the previous 
autumn were standing (Fig. 7a b, p. 163). The collected uredospores 
under the microscope were the same as the form which had issued in 
the previous inoculations described above. Subsequent searches made 
at other places inside the forest showed that the rust is rather widely 
distributed. In the latter part of the season, no uredosori nor teleuto­
spores on fronds of the current season have heretofore been observed. 
The uredopustules were seen to appear on more or less sharply restricted 
and discolored intervein areas, especially in the marginal portion. 
Usually at first, the lesion was scarcely discolored, but gradually in­
creased in brownish color, eventually becoming blackish. 

, 
TABLE 51. Inoculations with uredospores of Milesi7la itoana 

A pp. of uredos. 
Exp. no. Inocula Date of inoe. Remarks 

No. of days 

III. 51 U redospores on Nov. 28,1934 28 In Petri dis11 
Dr. cras8irh., Cult. 
IV,49 A.iii 

" 58 " Cult~ III, 55 J au. 12, 1935 26 .. 
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On the fern host in Petri dishes inoculations with the uredospores 
were made with the result that new pustules appeared in 26-28 days 
(cf. Table 51). 

The teleutospores appeared near uredosori or a little apart from . . 

the sori. They were formed singly or often two to more spores attached 
closely together inside of one epidermal cell. Each spore 1 to 7 celled, 
but once a 22 to 33 celled ones were seen (cf. PI. VII, fig. 12 band c). 
Comparing with those of M. Miyabei, the cells of a spore were distinctly 
more numerous. Where teleutospores developed, the area was evenly 
discolored and often rather widely extended. The·teleutospores were 
seen to be formed so abundantly that one was astonished by the fact. In 
the artificial cultures in Petri dishes the writer saw the formation of 
teleutospores after 30-97 days from the inoculations on fronds of the 
inoculated ferns with aecidiospores or uredospores. The germination 
of teleutospores was also observed on the affected fronds that were laid 
inside the dishes. In such cases, basidia issued from each pore of each 
cell of the spore and attained about 46 ft in length and 4 ft in breath. 
Materials used for inoculation experiments with sporidia were selected 
from overwintered fronds collected at Nopporo and Tomakomai. 

Inoculations with basidiospores. Inoculations with basidiospores 
were made as shown in Table 52. The inoculation period for the 
production of spermogonia was 16-22 da)'s and for aecidia, 104-1i9 
days, employing 6 experimental seedlings (cf. PI. I, fig. d). It is' re­
markable that the period needed for the issuing of the aecidia ,,"as 

TABLE 52. Inoculations with basidiospores of M. Iti5ana 

.App. of App. of 

Exp. no. Inocula Fir inoc. Date of sperm. aecid. Remm'lis inoc. 
. No. of days 

I. 283 Basidiospores A.M. I ,s Je. 4, 1935 16 119 Laboratory 
on Dr. crassirh. 

Nopporo, 
May 12, 1935 

" 284 " " Il,s Je. 6, 1935 14 104 " 
" 28g " Tomakomai, 

Je. 15, 1935 " III'5 Je. 20, 1935 22 104 " 
'" 286 " Nopporo, 

Je. 7, 1936 " I,. Je.l0,1926 18 116 " . 
" 287 " " II,. " 15 116 " 
" 288 " " III,• Je.14,1936 20 101 " 
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far longer than in any other species of M ilesina used in the present 
study. Compared with the North American M. intel'medi(i, whose mor­
phology is somewhat similar to that of the rust under discussion, the 
present fungus required a much longer period. 

Inoculations with aecicliospol'es obtained from Cllltures. As indicat­
ed in Table 53, inoculations with the aecidiospores obtained from cultures 
were made in the autumn of 1925. Successful results were gained which 
showed the incubation periods to be 23 to 43 days in the case of Petri 
dishes and 23 days in a case of potted plants. 

TABLE 53. Inoculations with aecidiospores of M. It6a11a 

App. of uredos. Date of Exp. 'no. Inocula Fern inoc. . inoc. Remarks 

II. 122 

" 123 

" 125a 

" b 

" c 

" d 

'.' e 

" f 

" 126a 

" b 

" c 

" 131 

No. of days 
-

Aecidiosp. Dryopteris Oct. 4, 1935 39 Petri dish 
on A.M. IIO crassirllizoma 

" " " 43 " 
" " A Oct. 16, 1935 57~* Potted pI. ill 

laboratory 

" " B " - " 
" Scolopendrium " - " , 

vulgare 

" PolysticllU1n " - " Braunii 

" Polystichum " - " 
aculeaturn val'. 
restroso-palea-
ceum 

" Polystichulll " - " 
Standishii 

" D1'yopteris Nov. 4, 1935 23 Petri dish 
crassirhizoma 

" 11'5 " " 39 " 
" 111,• " " 39 " 
" Il,. " Nov. 19, 1936 23 Potted pI. in 

laboratory 

The detection of the nredosol'i was made somewhat later than the actual first -
appearance. 

Inocttlations with aect'cliospo1'es obtained f1'om the field. Numerous 
inoculations with aecidiospores collected from the field were performed 
on Dryopte1'is cr'CIssil'hizoma to gain uredospores of this rust in question. 
Among them, several results are shown ill Table 54. According to these 
data, the incubation periods for the production of urec1osori fluctuate 
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from 19 to 60 days. Teleutospores were also developed on some of these 
infected 'ferns. 

TABLE 54. Inoculations with I1ecidiospol'es. (from the jield) of ]1[. It6ana 011 

Dryolltcl'is cl'assir7lizo1Jla 

App. of uredos. 
Exp.no. Inocula Date of inoc. Remarks 

No. of days 

IV.32a Aecidiospores Sept. 24, 1933 41 Inoculated on 
on A. sach., Dryollteris crassi-
Mt.Meakan, rhizoma in Petri 
Sept. 15,1933 di,h 

" 34c " on A. Mayr., " 27 " 
Lake PankeW, 
Sept. 19, 1933 

" 40ia " Nopporo, Nov. 21, 1933 50 " 
Nov. 19,1933 

" c " " 50 " 

" d " " 60 " 
" e " " 36 , 

" 

" f " " 50 " 
" 40iia " Kov. 22, 1933 49 " 
" "49Aib " Nopporo, Oct. 13, 1934 72' " 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Oct. 8, 1934 

49Aiiba' " " 22 " 
b' " " 22 " 

49Aiiiba' " " 19 " 
b' " " 19 " 

49Bia' " " 34 " 
b' " " 34 " 

4'9Biibb' " " 22 " 
490ibb' " " 34 " 
490iiba' " " 34 " 

b' " " 34 " 
490ivba' " " 22 " , 

c " " 22 " 

* In experiments 49 A, teu affected needless bearing several mature aecidial 
cups were selected for the inocula from some lJranchlets of the tree shmyn in 
Fig. 7 b in page 163. 

The description of the species is as follmys:-

Milesina Itoana KAJ\lEI in Trans. Sapporo Nat. Rist. Soc., XIV, 

p. 99, pI. I, 1935. 
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Spermogonia on needles of current se'ason, hypophyllous, inconspicu­
ous, minute, rather few, 5-15 per leaf, circular to oblong in face view, 
colorless, clearly seen with hand-lens, mostly scattered on slightly dis­
colored areas, especially on the stomatal areas of one side of the midrib, 
often on both sides, isolated or sometimes closely produced; in sections 
subepidermal, deeply seated up to two-thirds of the leaf thickness, almost 
spherical, rather large, 160-352,u broad, 110-290 fl high, averaging about 
260 fl broad, 200 fl high; openings on the epidermis as pores in the inter­
stomatal spaces, 30.7 fl long, 23.7 fl wide; spermatiophores branched or 
simple, septate, 26.1 fl high, 3.1 fl broad, convergent; spermatia- hyaline, 
unicellular, oblongo-elliptic, 4.0-6.0 X 1.0-1.6 fl, smooth, colorless (PI. II, 
fig. j; V, fig. h; VII, fig. 17 h). 

Aecidia mostly hypophyllous, sometimes amphigenous, on needles 
of current season, rather few, 1-6 per leaf, in two rows on more or less 
discolored portions, white, cylindrical, or often compressed laterally, 
0.27-0.74 mm. across, 0.2-3 mm. high; peridia colorless, firm, rupturing 
at the apex; peridial cells with unequal sides, vertically elongated, 
tetragonal to hexagonal, margin straight, rarely rounded, overlapping 
in a single layer, 20.7-33.6 fl long, 12.6-23.6 fl broad, averaging about 
26.2 X 18.5,u, with outer walls smooth, ca. l,u thick, with inner walls 
closely marked by rather long tubercles, whose basal parts confluent to 
make ridge-like striations, 4-7,u thick; aecidiospores colorless, globose, 
ovoidal or ellipsoidal, 21-31 X 16-25,u averaging about 25.84 X 20.20,u, 
closely but coarsely verrucose, one side partly almost smooth; walls up 
to 2.0 fl thick including tubercles, colorless (PI. II, fig. j; VI, fig. 1). 

Uredosori hypophyllous, scattered on at first sharply restricted, 
eventually extensive discolored areas, often on marginal portion, 
immersed, slightly pustular, roundish, small, 0.06-0.23 mm. in diameter, 
covered with dark to purplish discolored epidermis,. ruptured by a 
centrally placed minute pore, usually situated under stomata, pushing 
delicate spore tendrils; peridia colorless, 4emispheric, not much flattened, 
delicate; peridial cells colorless, isodiametric to irregularly polygonal, 
not overlapping, 3-22 fl across; walls colorless, less than 1,u thick; uredo­
spores colorless, meager in number, white in mass, short stalked, oblong 
or oblong-ovate, broadly clavate, pyriform to ellipsoidal, rarely more or 
less angular, 26--46 X 14-22 fl, averaging about 33.21 X 17.92 fl; walls thin, 
colorless, 0.5-0.7,u thick, very minutely and sparsely warted, apparently 
smooth in wet mounts (PI. III, fig. 1; VII, fig. 12 a). 

Teleutosori abundant on overwintered fronds, amphigenous, mostly 
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hypophyUous, on extensive, grayish dark .areas; teleutospores within 
the epidermal cells, colorless, rounded or irregular in outline, conform­
ing to the shape of the host cell, sometimes isolated, sometimes compactlr 
attached to each other and fillillg it, 1 to 36 celled with vertical septa, 
a single pore in the outer wall of each cell; the cell of the spores with 
thin, smooth, colorless walls, irregularly polygonal except along the 
free margin, 16-18 X 6-13,11, averaging 12.8 X 8.8 ,ll (PI. VI r, fig. 12 b, c 
and d). 

Hosts and distribution: 
o and I. Abies Mayriana MIYABE et KUDO (Cult1l1'es and field) 

and Abies sachalinensis FR. SellM. (field)-in Japan (Hokkaido). 
II and III. Dryopteris crassirh:izoma NAKAI-in Japan (Hok-

kaido) . 

13. Milesina jezoen~is KAMEl et HIRATSUKA, f. 

Historical review of the fungus. This rust was first described by 
the writer (1931) based on specimens which were collected at Mt. Knro­
dake, Taisetsu Mountain range, Provo Ishikari by Dr. NAOHIDE HIRA, 
TSUKA and also on copious materials gathered at Lake Shikaribetsu, 
Provo Tokachi by the writer himself. The life history was also pursued 
by the writer and the partial result was also published in the above 
mentioned paper. FAULL (1932) described this species under the genus 
Milesia, while HIRATSUKA, f. (1932 c, 1936 c) reclescribecl it and noted 
its distribution in Hokkaido. Recently ITo & HOMMA (1938) and ITo 
(1938) described this rust. 

Personal observat1·ons. Rusted tern. The specimens of the rust 
on Polypodi1l1n virginianum L. * have been rather meagerly obtained and 
heretofore four specimens from Tokachi, three from Ishikari and one 
from Kitami only have come to the writer's attention. At Shikaribetsu, 
from which place the materials for experiments have been obtained, the 
banks of a volcanic lake are covered with luxuriant growth of Picea 
jezoensis and Abies MaYr/:ana together with some deciduous trees, such 
as 'filia japonica, SIMONKAI and Betula Maximowicz'iana REGEL. Under 
.these trees the ferns are seen grouped here and there. The diseased 
leaves ,,"ere conspicuous for the brownish to almost blackish discolora­
tions of the frond, on the surface of which white masses of uredospores 

c, In the previous paper, as the fel'll host of this rust, the writer (1931) 
published it ilS Polypol7ium vulgare L. which should, as here, be corrected to 
Polypodiu1n virginianum h 
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wel'e found protruding (PI. lIT, fig. m). 
On the affected fronds of the current seaSOll, llrel10sori only were 

observed. Teleutospores were seen on overwintered diseased fronds. 
'rhe portions, where the teleutospores are formed, were situated near 
the Ul'edosori and at first sight, being scarcely discolored, seemed healthy. 
Germinatioll of the teleutospores was obtained by placing well affected 
materials in moist chamber. The occurrence of the germination was 
indicated by the covering of the diseased area with a film-like layer 
composed of basidiospores. The period from the moistening of the 
materials to the beginning of the germination was found to be rather 
Jong. 

Inoculations with basidiospores. Inoculation experiments "'ere C011-

c1ncted during three seasons. In the two earlier seasons, sperl1logonia 
only were obtained after about 20 days. No aecidial sori were prodl\ced 
and infected needles mostly dropped off. In 1933, however, a seedling 
of Abies Mayriana XVI13 was inoculated 011 June 21, and yellow spots 
appeared on July 11 on some of the affected needles. The spot was 
distinctly yellowish and more or less sharply delimited from the healthy 
area. The pot was carefully watched taking cautions about the moisture 
and light conditions inside of the laboratory. On the 3rd of October, 
104 days after the inoculation,. a first aecidium at length appearerl. 
'rhereafter, though it was apparently healthy, the further development 
of the fungus seemed to be retarded by the coldness. The seedling was 
transferred into a greenhouse from the middle of December for continued 
observation. On January 26, 1934, two additional aecidia appeared, 

TABLE 55. Inoculations with basi!liosporcs of M. jezoensis 

EXp.llO. Inocula Fir inoc. Da te of illOC. 

App. of I App. of I 
sperm. aetid. 

Remarks 

No. of days I 
I 

1. 197 Basidiospor.es A.M.XVII,o Je. 19, 1930 21 - I LaboratorJ:-
on Polyp. virg., 
Shikaribetsu, 
Je. 1930 

198 " XVIII,o Je. 20, 1030 22 
, 

" " - " 
" 199 " " XVIII',. Je. 20, 1930 20 - " 
" 200 " " XIX,o Je. 19, 1930 44 - " 
" 226 " Je. 11, 1931 " XXIV" Je. 27,1931 18 - " 
" 228 " Je. 1933 " XVI" Je. 2],1933 20 104- " 
" 289 " Je. 20, 1036 " IV,. Je. 30,1936 24 - " i 
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219 days after the inoculation. Although the same plant was left 
undisturbed under continued observation, 110 more aecidia appeared. 
HUNTER (1936 c) in her experiments on Milesilla Dietcliana MAGN. which 
is parasitic on the nearer species of fern in Europe, found that the 
first spermogonium issued in 25-26 days and the aecidium 80 days after 
the inoculation. 

lnocttlations with aeciclioslJores. With the aecidiospores on Abies 
Mayriana XVII3 return inoculation experiments were made on October 
25th in 1933 on fresh fronds of Polypocliurn virgi'llianmn placed inside 
of Petri dishes. After 28 days from the inoculation the first uredospores 
were to be seen. In comparison with M. Dieteliana of HUNTER'S experi­
ments in which the incubation periods were 47 to 69 days, the present 
rust has a shorter period. 

Though the writer has not yet succeeded in collecting field specimens 
of the aecidial phase, search for it in proper season and location probably 
will eventually result in success. 

The description of the present species as supplemented by the recent 
investigations now stands as follows:-

Milesina jezoensis KAMEl et HIRATSUKA, f. in KAMEl in Trans. 
Sapporo Nat. Hist. Soc. XII, p. 32, figs. 1-3, 1931-lTo & HOMMA in 
Trans. Sapporo Nat. Hist. Soc. XV, p. 114-115, 1938. 

Syn. Milesia jezoensis FAULL in Contrib. Arnold Arb. Harvard 
Univ. II, p. 87, pI. VIII, fig. 33, a-d, 1932. 

Spermogonia on needles of current season, hypophyllous, inconspicu­
ons, scattered in ro·ws on yellowish discolored areas, mostly·· on stomati­
ferous surface, rather few, 8-17 per leaf, isolated, minute, colorless, 
circular in face view; in sections subcuticular, immersed, subglobose to 
flask-shaped, 104-154,u in breadth, 91-154,ll in height, averaging 127.3 
X 115.4,11; openings slit-like, 72.8 X 45.5,([ in average, situated in the 
interstomatal spaces; spermatiophores usually simple, septate, obclavate, 
subulate; spermatia narrowly elliptical to ciblongo-cylindrical, 6.5-9.0,u 
long, 2.0-3.0,11 broad, smooth, colorless (PI. V, fig. c; VII, 17 i). 

Aecidia on needles of current season, hypophyllous, rather few, 1-5 
in a leaf, arranged in two rows between spermogonia, irregularly 
scattered, white, cylindrical, 0.2-0.28 rom. across, about 1mm. high; 
peridia colorless, rather delicate, ruptured at the apex; peridial cells 
vertically elongated, with unequal sides, hexagonal, oblong to elliptic, 
overlapping, 25.0-61.0 fl -long, 12.5-33.5,(! broad, averaging 37.6 X 21.5,11, 
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inner walls rather thick, 2-3,it, minutely verrucose or somewhat striated; 
outer walls thinner, about .1,u, smooth; aecidiospores colorless, globose 
to ellipsoidal, 23-38 X 21-32,it, averaging about 30.32 X 25.79,it, closely but 
finely verrucose except a small part where almost smooth; walls thin, 
up to l,it, including tubercles, colorless (PI. II, fig. k; VI, fig. m). 

Uredosori hypophyllous, subepidermal, scattered or loosely grouped 
on yellowish to brownish, sometimes blackish colored areas, pustular, 
round, small, 0.16-0.5 mm. across, covered by discolored epidermis; 
peridia almost hemispherical, comparatively firm, colorless, opened by 
centrai pore under stomata; peridial cells small, isodiametric to irre­
gularly polygonal, 6-22 X 4--14,it; walls colOrless, thin, about l,it; uredo­
spores colorless, white in mass, broadly clavate, obovate to oblong-ovate, 
sometimes angular, often short stalked, 30--:53 X 15-33,it; walls thin about 
l,u, finely verrucose especially at apex, colorless (PI. III, m; VII, 
fig. 13 a). 

Teleutosori on overwintered fronds, mostly hypophyUous, on pale 
yellowish discolored areas of indefinite extent; teleutospores within the 
epidermal cells, one to several in a cell, often completely filling it, more 
or less roundish in outline, colorless, one to many celled (up to ten or 
more?) with vertical septa; the cells of the spores more or less polygonal, 
except along the free margin, 15-26 X 10-20 fl, with thin, colorless, smooth 
walls; basidia cylindrical to clavate, about 45,it long, about 10,it across; 
basidiospores subglobose, 11 X 7 fl, colorless, smooth (PI. VII, fig. 13 b). 

Hosts and distribution: 
o and I. Abies MaYl'iana MIYABE et KUDO (Cultm-es)-in 

Japan (Hokkaido). 
II and III. Polypodiwn vil'ginianum L.-in Japan(Hokkaido). 

14. Milesina Miyabei KAMEL 

Hist01-ical review of the fungus. This rust was first described by 
the writer (1932 b) naming it after Professor MIYABE 'vho early in 1911 
collected the fungus on Dl'yopte1'is crassirhizoma at the University 
Tomakomai Experimental Forest. After successfully pursuing the life 
history study the writer published the diagnosis of all stages. F AUI,L 
(1932) presented a synoptical description under the genus Milesia. 
HIRATSUKA, f. (1932 c, 1934 d, 1936 c), HIRATSUKA, f. & HAsHIoKA(1934) 
redescribed it and reported on newly made collections from Honshu, 
Hokkaido, Formosa and Ussuri adding a new fern host, Dryopteris 
Clal'kei O. KUNTZE from Formosa. ITO (1938) very recently described 
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this rust again. 
Personal obSC1'vah·ons. Rusted ferns. D1'YOptC1ois crassl:rMzoma is 

the sole host of the present rust in Hokkaido and Honshu. Uredosori 
were rather large and issued in the interveined areas which appeared. 
quite healthy at first but gradually acquired yellowish to brownish <;lis­
coloration extending to a wider limit with the increment of the pustules. 
The uredospores issued in white filamentary spore horns that sometimes 
were seen to extend up to several cm. in total length. This is due to the 
sticky membrane and great abundance of the spores contained in a sorus. 
These uredospores were seen to germinate soon in the water as shown 
in PI. VII, fig. 14 a. To test the incubation period and host restriction, 
inoculation experiments with the uredospores were carried out as shown 
in 'rable 56. Uredosori appeared "'ithin a range of 11 to 25 days, 
average 21 days, which is rather a shorter incubation perio~ than that" 
of M. Itoana. 

'rhe development of teleutospores was seen to be influenced by the 
host condition. In the field, the collections of the current year· fronds 
have shown a few teleutospores. In the collections of overwintered 
fronds, on the contrary, abundant spores produced in the area~ of a 
comparatively heavy discoloration were detected. On the other hand, 
on cut fronds bearing uredo-pustules placed in a moist chamber at room 
temperature, the development of teleutospol'es seemed to proceed more 
promptly. Thus in a specimen that was gathered at Nopporo on Dec. 8, 
1925 showing appareutly no marked discolorations at the time of the 
collection, and observed iu the moist chamber as mentioned just above, 
teleutospores were seen after 67 days on Feb. 13, 1926. Another speci­
men collected on Nov. 11, 1934 at Mt. Moiwa treated in the same way 
also produced teleutospores after 1 month and some of them were seen 
to be already germinating. The writer at Nopporo on June 12, 1926 
collected the fronds rusted by this fungus which were partly greenjsh 
but for the most part discolored. Inside of the collecting vasculum, 
abundant germination 'of teleutospores was seen on the lesions of the 
specimens mentioned above only two days later. 

Inoculations Wl:t7t basj·dl:ospores. The ino~ulation experiments with 
basidiospores on needles of nine seedlings of Ab'ies JJ;Iayriana were suc­
cessful as shown in Table 57. Summarizing these data, the pel'iod of 
development is somewhat shorter than in the case of other species of 
Milesina, such as M. jezoensis, M. sublevis and M. It(;ana. 

Inoculations with aecidiospores gained from C1llt1Ires. \Vith aecidio-
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TABLE 56. Inoculations with nredospores of M. Miyabei 

Exp. no. Inocula Fern inoe. Date of inoc. 
App.ofuredos. 

Remarks 
No. of days 

III. A 13 Uredospores on Dryopteris Nov. 16, 19~3 11 Potted pI. in 
Dr. crassirh., crassirhizoma greenhouse 
Nopporo. 

Nov. 11, 1925 

" 26a .. Makkarinupuri, " Dec. 1.1924 24 Petri dish in 
Nov. 12, 1924 lllboratory 

" 31 " Nopporo. " Dec. 22, 1925 23 " Dec. 8,1925 

" 27 " Makkarinupuri, Dryopteris Nov. 18. 1924 -. " 
Nov, 12,1924 -montieola 

" 28 " Dryopteris " - " 
dilatata val'. 
oblonga 

" 42 " Nopporo, Dryopteris Dec. 1,1933 25 " Teleuto-
Nov, ]9,1933 cl'assirhizoma sori were 

detected on 
March 7,1934 

" 49 " Cult. II, no. 49, " Nov. 4,1934 14 " iv b 

" 53 " :Nloiwa, " Nov. 28, 1934 25 " :Nov. 11, 1934 

" 54 " " " 23 " 

TABLE 57. Inoculations with basidiospores of M. Miyabci 

Exp.no. Inocula Fir iuoe. Date of inoc. 
App. of I App. of 
sperm. aef'id. Remarks 

No. of days 

I. 106 Busidiospores A.M. XV. Je.14, 1926 16 ·26 Laboratory' 
on Dr. crassirh., 
Nopporo, 

Je. 12, 1926 

" 107 " " XVI. " 16 26 " Yellow 
S)lot appeared 
after 14 days 

" 108 " " XVII. " 23 36 " 
" 155 " May 27, 1928 " VIII. Je. 2, 1928 38 - " 
" 160 " " XIII. Je. 5, 1928 29 - " 
" 203 " ~iay 24, 1931 " III Je. 3, 1931 28 36 " 
" 204 " " lIn " 28 - " 
" 210 " " VIIIll Je. 9, 1931 22 31 " 
" 283 " Je. 1935 " II. Je. 4, 1935 16 21 " 
" 284 " " Ill. Je. 6, 1935 14 19 Laboratory 

" 286 " Je. 7, 1936 " 110 Je.10, 1936 18 39 " Yellow 
srot appeared 
after 11 days 

, 
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spores gained from the basidiospore cultures on Ab'ies MaY1'iana XV G 

and I 15 back inoculations were made on Dryopteris cmssirhizoma and 
D. (lilatata val'. oblonga. In the case of the former fern, the characteris­
tic uredospores appeared within 12-22 days, while in the latter none 
appeared, as shown in Table 58. 

TAllLE 58. Inoculations with aecidiospores of M. Miyabei 

App. of uredos. 
Exp.no. Inocula Feril inoc. Date of inoc. Remarks 

No. of days 

II. 78 Aecidiospores Dryopteris dy. 24, 1926 22 Potted pl. in 
on A. M. XVo erassirhizoma laboratory 

" 121 " I,s " Oct. 4,1935 12 " 
" 128 " " Aug. 4, 1936 14 " 

IV.43a " :Maruyama, Dryoptcris dy. 17, 1934 - Fern in pot. 
de. 15, 1934 dilatata val'. in co;rridor 

oblonga 

" d " DI'yopteris " 16 " eras sir hizoma 

" e " " " 16 " 
" 44a " Dryopteris " - Fern in 

dUatata val'. Petri disl! 
oolonga 

" b " Dryopteris " 13 " 
erassirhizoma 

" 53A " Tomakomai, " Aug. 14, 1936 17 " 
Aug. 10, 1936 

" B " Dryopteris " - " 
dilatata var. 
oblonga 

" 55A " Dryoptcris " 31 Feril in pot 
erassirhizoma in laboratory 

" B " Dryopteris " - " 
dilatata var. 
oblcnga 

Inoculations with aecidiospores gained from the field. At the begin­
ning of this study, the writer confused this rust with the aecidial 
phase of M. /toana. After studying on the life histories of these two 
species, it became evident that the aecidial phase of M. Miyabei develops. 
earlier and matures more rapidly than in the case of M. /toana. By 
critical morphological study of the organs, the writer identified two· 
specimens of the aecidial phase collected from Maruyama alid Toma­
komai. Check inoculations with these aecidiospores on the fern host 
were successful, as shown in Table 58. 
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The description of this rust supplemented by further studies to the 
original, now stands as follows;-, 

Milesina Miyabei KAMEl 111 Trans. Sapporo Nat. Hist. Soc. XII, 
p. 169, 1932. 

Syn. Milesia Miyabei FAULL 111 Contl'ib. Arnold Arb., Harvard 
rniv. II, p. 129, 1932. 

Urcdinopsis dubia rrRANZSC"II. III HTRATSUKA, f. in Memoir:.; 
'rottol'i Agricul. ColI. IV, p. 94, 1936. 

Spermogonia 011 needles of current season, hypophyllous, 7-20, 
averaging about 12.4 pel' leaf, rather few, scattered in rows on more 
or less discolOl:ed lesions of stomatal surface, minute, but clearly seen 
with hand-lens, colorless, usually isolated, rarely confluent, mostly cir­
cular but sometimes irregularly outli!lec1; in sections subepidermal. 
deeply seated, almost spherical, 165-297,u broad in longitudinal sections 
132.0-231.0,u broad in transverse sections, 174.0--243.0 II in height; apical 
opening roundish, made in the interstomatal spa~, usually at center of 
the apex, sometimes at .Sides, 40.3 X 22.7 ,u in average; spermatiophores 
simple or branched, septate, subulute, 35.9,u long, 3.3,u broad in average, 
converging toward central locules, producing spermatia in chain; 
spermatia oblong, cylindric to narrowly elliptic, rather small, 3.0-6.1,u 
long, 1.2-2.3/t broad, colorless, smooth (PI. V, figI';. ~ and i; XU, 
fig. 17 j). 

Aecidia hypophyllous, on needles' of current seaSOll, many, 4-10, 
averaging about 7 per leaf, scattered in two rows on both sides of the 
midrib, white, cylindrical, up to 2 mm. in height, 0.5 mm. across; 
peridium colorless, rather delic'ate, ruptured at the apex; peridial cells 
with unequal sides, vertically elongated, oblong' to polygonal, very often 
rounded at margin, overlapping in a single layer, 2~.0-41.0 X 11.0-26.0 II, 
averaging 32.0 X 17.6,u, inner walls rather thick, 2-3,u, finely verrucose, 
outer walls thin, 0.3-0.6 fl, smooth; aecidiospores colorless, globose to 
ellipsoidal, 20-26 X 15-22,u, averaging about 22.83 X 19.15,u, closely but 
rather coarsely verrucose, except a small part where almost smooth; 
walls thin, up to 211 thick including tubercles, .colorless (PI. II, fig. 1; 
VI, fig. n). 

Uredosori hypophyllous, scattered 011 at first green~sh, evenly 
yellowish colored parts of indefinite extent, mostly neal' veins or mal'ginal 
portion of the pinnae, pustUlate, covered with yellowish discolored 
epidermis, 0.15-0.35 mm. in diameter, ruptured at the centrally placed 
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stoma in the overlying' epidermis; pel'iclia colorless, distinct, flattened 
hemispherical in sectional view; peridial cells colorless, roundish to 
polygonal, 8-22 X 6-14 p; walls' thill, 0.5,tt thick, colorless; uredospores 
white, usually issuing in filamentary spore masses, very abundant, short 
stalked, plectrum to bone-shaped, mostly truncated at the apex, often a 
little projected or rounded, never acute or pointed, slightly narrowed 
below, 26.0-55.5 X 11.0-20.0 fl; walls thin, about 1 p thick, a little thicker 
at angles, smooth, with four to five indistinct germpores, often accom­
panied by paraphyses-like cells (PI. III, fig. 11; VII, fig. 14a and c), 

Teleutosol'i mostly on overwintered fronds, mnphigenous, on in­
definite yellowish to brownish discolored areas, often near the llredosori, 
sometimes apart; teleutospores 'within the epidermal cells, sometimes in 
the guard cells, often isolated, sometimes two 01' more spores closelr 
produced, often compactly filling the, epidermal cells, more or less 
roundish in outline, divided vertically into two to several cells (up to 
10 or more), a single pore for each cell; the cells of the spores more or 
less polygonal; except along the free margin, 10-20X6-10p, with about 
1 fl thick, colorless, smooth walls; basidia clavate 01' crlindrical, '50-60.u 
lang, 7-9 p broad; basidiospores ellipsoidal to ovoidal, 11-13 p, 7-10.u 
broad, smooth, colorless (PI. VII, fig'. 14 b, d and e), 

Hosts and distribution: 
o and 1. A.bies Mayriana l\I!YABE et KrDo (C'ultll1'('s and field) 

-in Japan (Hokkaido). 
II and III. D1'yopteris cl'({ssil'hizoma XAKAI-ill .Japan (Hon­

shu and Hokkaido) and Ussuri. 
Dryoptcris Clarkci O. KL"XZE-ill Japan (For-

mosa) . 

15. Milesina sub levis HIRA'l'S'CKA, f. 

Historical rev·iew of the j1mgus. A specimen of the fern host stage 
of the rust in question was first sent to SYDOW by lVIr. lVIIURA who 
collected it a~ Jozankei, Provo Ishikari, on Oct, 17, 1909. p, and H. 
SYDOW (1913) identified it as M'ilesina Scolopendrii JAAP, HIRATSUKA, f. 
(192.7 c) described the teleutostage of this rust under the same specific 
name and mentioned his collections which were made mostly in the 
vicinity of Sapporo. FAULL (1932) basing on specimens from this 
loeality determined them to be a variety of Milesia Scolopendrii, accom­
panying his remarks with illustrations of tIl(' nredospores. After the 
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present writer's transfer (1935 a) to Mil-esina, HIRATSUKA, f. (1936 c) 
raised this rust to specific rank and described all its stages partly making 
use of a manuscript on the aecidial phase that had been prepared 
by the present author. He mentioned as the localities, Provo Ishikari, 
Iburi, Shiribeshi and 'rokachi ill Hokkaid6, and Provo Kaga in Honshu. 
Recently I TO (1938) also redescribed this rust. Heretofore, however) 
the life history experiments on this species have lIot been reported except 
very briefly by the writer (1932 b, 1933). 

Personal observations. Rusted fern. The host fern, Scolopendri1lrn 
vltlga1'e, is distributed almost throughout the island of Hokkaid6, grow-­
ing commonly under the' shady parts of the forests. The rusted speci­
mens may easily be obtained even in the immediate neighborhood of the 
city of Sapporo. In a specimen collected on August 23, the affected 
frond showed a few roundish patches of discolorati.on and distortions 
here and there to produce pustular nredosori, but no teleutospores could 
be found. A collection made on Nov. 13 '\'as similar. 'releutospores 
were usually found fully matured on the overwintered fronds collected 
in the middle part of ,June. 'l'he writer oft ell obtained very good 
materials for the morphological and biological studies of the teleuto­
spores from Maruyama near Sapporo. 'l'he spots where teleutospores 
are found, ,vere more or less evenly brownish discolored and slightly 
dIstorted. In the sections of these areas, it was revealed that the sport's 
compactly filled the epidermal cells as well as the guard cells. They 
were divided illto two to many cells (up to 33) by vertical septa and 
often also divided by a horizontal plane into two layers (cf. PI. VII, 
fig. 15 c). Such features of the teleutospores of some species of Milesina 
have already been mentioned by MAGNUS (1901) in the case of M. 
Kriegeriana. He said that whether the spores of the second layer 
germinate or not is questionable. The basidiospores were larger than 
those of the related species and measured 11-15 by 5.5-9.5 f1; they were 
somewhat globose and smooth. HUNTER (1936 c) in the case of M. 
Scolopendrii gave a size for basidiospores which is a little smaller than 
that of the present species. 

Inoculations with basidiosp01·es. Inoculations with basidiospores on 
young needles of 13 seedlings of A. MaY1'iana were made. In these 
cases, yellow spots were seen before the appearance of spermogonia that 
occurred at 15-34 days. But aecidia were obtained in only one case, 
55 clays after the inoculation. In comparison with the species of 
Fred illopsis these incubation periods are far longer (cf. Table 59). 
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'fABLE 59. Inoculations with basidiospores of M. sublevis 

App.of App. of 

Exp. no. Inocula I Fir inoc. Date of inoc. sperm. aeeid. 
Remarks 

No. of days 

1. 109 Basidiospores A.M. XVIII. Je. 15, 1926 15 - Laborat.ory 
on Scol. vulg., 
Maruyama, 

Je. 1926 

" 110 " " XIX. " 22 - " 
-" 142 " Je. 1927 " X 7 Je. 19, 1927 23 - " 
" 143 " " XI7 Je.22,1927 34 - " 
" 213 " Je: 16.1931 " XIll Je. 16, 1931 33 55 " 
" 220 " " XVIIIll Je. 22. 1931 21 - " 

Inoculatio1J,s with aecidiosZJores. After obtaining the aecidiospores 
of this species in 1931, back inoculations were at once carried out on 
Aug. 13 in a moist chamber on fresh fronds of Scolopcndrimn vulgare 
which were apparently clean from any infection of rusts. After 38 
days from the inoculation on Sept. 20, the characteristic uredospores 
came out on the inoculated spots as shown in PI. III, fig. O. HUNTER 
(1936 c) in the case of Milesina Scolopendrii, recorded the period of 
incubation as 37-54 days which is somewhat longer than that of tIle 
present species. 

The description of the aecidial phase of this rust is as follows:-

Milesina sublevis (FAULL) HIRATSUKA, f. in Memoirs Tottori 
AgricuI. ColI. IV, p. 111, pI. III, fig. 6, 1936. 

Syn. Miles1:na ScololJendrii (non JAAP) HIRATSUKA, f. in Jap. Journ. 
Bot. III, p. 313, 1927-KAMEI in Journ. Society of Agricul. and ForestI'. 
Sapporo, XXIV, p. 364, 1933-SYDOW in Ann. Myc. XI, p. 110, 1913. 

Milesia Scolopendrii ARTHUR val'. S1lblevis FAULL in Contrib. 
Arnold Arb. Harvard Univ. II, p. 117, pI. VI, fig. 23, 1932. 

Milesina Scolopendrii JAAP. val'. sublevis (FAULL) KAMEl in 
JOUl'n. Society of Agricul. and ForestI'. Sapporo, XXVI, p. 577, 1935. 

Spermogonia on needles of current season, hypophyllous, moderate 
in number, 10-40 to a leaf, colorless, scattered on yellowish discolored 
areas, especially on stomatiferous surfaces, usually discrete, rarely con­
tiuent, minute, conspicuous under hand-lens, more or less circular in 
face view; in sections subcuticular,· immersed up to half. of the leaf 
thickness, subspherical to flask-shaped, IOO-220,u brolld, 64.0-204,u high, 



• 

120 SENJI KAME! 

averaging 150 by 119 ft; openings more or less slit-like, located centrally 
or marginally in the illterstomatal spaces, elongated parallel to the 
long axis of the needle, 19.5-97.5 X 13.0-32.5 p, averaging 52.5 X 18.6 p; 
spermatiophores usually unbranched, sometimes branched, septate, rather 
straight with blunt apex, 27.7 p long" 3.4p thick, conYergent; spermatia 
oblong, cylindrical to narrowly elliptical, 6.5-9.1 X 2.1-2.6 fl, hyaline, 
smooth (PI. II, fig. 111; V, figs. d and e; VII, fig. 17 k and 1), 

Aecidia on needles of current season, hypophyllous, scattered, on 
more or less discolored areas, in -two TOWS on both sides of the midrib, 
rather few, 1-9 per leaf, cylindrical, up to 0.5 mm. high, 0.13-0.3 mm. 
across; peridia colorless, rupturing at the apex; peridial' cells mostly 
of equal sides, hexagonal or often isocliametric, sometime;;; rounded at 
margin, elongated vertically, slightly overlapping, 11-29 p broad, 18-36.u 
long, inner walls rather thick, 2-5,it thick, stoutly verrucose, outer 
thinner, ca. 1 fl thick, smooth; aecidiospores colorless, globose to ellip­
soidal, sometimes pyriform, 22-37 X 21-3211, averaging 31.49 X 26.67 ,{I, 

closely verrucose, exce'pt a part where almost smooth; walls thin, up 
to 2.5 fl including tubercles, colorless (PI. VI; fig. 0). 

II and III are as described by FAULL (1932) and HIRATSUKA, f. 
(1936 c). 

Hosts and distribution: 
o and 1. Abies Mayriana lV[IYABE et KrDo (Cultlll'es)-in 

Japan (Honshu and Hokkaido). 
II and III. Scolopcndrillln vulgare S:\IITu-in Japan (Honshi1 

and Hokkaid6). 

(B) TIME OF ,APPEARAKCE m" ORGAXS 

Data concerning the time of the appearance of organs in the life 
cycles of six species of M1:lesina observed in cultural studies are present­
ed in the following paragraphs. 

1. Basid1{)SpOres. As has already been stated, if the dates of 
inoculations with the basidiospores on the needles are granted to be 
those of the time of appearance of basidiospores, data concerning the 
species of Milesina used in this study are as shown below in Table 60. 
Comparing to the cases of other foreign species cultured by KLEBAHN 
(1916L FAULL (1934) and HUNTER (1936c), the dates in FAULL'S cases 
for M. intermedia and M. mm·ginalis ,vere later in season tl\an our cases, 
while HUNTER'S dates for M. Scolopendrii, M. D1·eteliana, lYI. vogesiac(( 
and M. K10 iegeriana were rather earlier. Comparing to tIle cases of 
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Ur,e(linopsis from Hokkaido that have been mentioned already the dates 
are distinctly later in the season. 

2. Spennogollia. The dates of producing spermogonia from 
basidiospore cultures in the present six species of M ilesina are shown 
in Table 60. They range in average from June 25 to July 17. Com­
paring to the cases in FAULL'S as well as in HUNTER'S experiments, 
these dates, though variable according to species, are not so late as in 
.:11. t~ntermedia and M.marginalis and are not so early as in four species 
of Milesina that were cultured by HUNTER in England. 'Comparing fo 
the species of Uredinopsis mentioned already, the dates are rather later 
in the seaiion. 

3. Aecidia. Dates of appearance of the aecidia gained from 
cultu,res of the species of J[ilesina under study are as shown in Table 60. 
The dates range from June 25 to Oct. 5 with the average of June 28 
to Oct. 3. Compared with the foreign species which FAULL and HUNTER 
respectively cultured, the present dates for M. DryoptM'idis, M. Miyabei 
and i'll. snblevis rather approximate to the cases of M. IJolypodophila, 
JL intermedia and Jl. marginalis from North America and M. Dieteliana 
and lll. vogesiaca from Europe as shown in Table 60. In the case of 
M. exigua fro111 the writer's cultures the dates are somewhat earlier than 
those species l11entio~led just above and close to M. Scolopendrii and M. 
](I'iegeriana that were cultured in England. In the writer's M. Itoana 
and JYl. jezoensis, especially the former species, the aecidia are com­
pleted far later in season iSS1'ling just in the beginning of October, 
Comparing to the cases of Uredinopsis from Hokkaido, those in the 
species of Milesina appear later in season. 

4. (a) Uredosm'i from inoculations with the aecidiosp0l'es gained 
from cultttl'es. The time of appea~ance of the uredostage gained by 
cultures with the aecidiospores obtained from basidiospore inoculations 
has already been renortec1 by KLEBAHN (1916), KAMEl (1930b, 1935b), 
FAULL (1934) and HUNTER (1936a). As shown in Table 61, throughout 
13 species, the dates range from Aug. 8 to Jan. 20, with the average 
Aug. 10 to Dec. 1. Comparing these data obtained concerning the 
Japanese species to the cases of foreign species, both dates of appearance 
more or less coincide with each other except M. Dieteliana from Europe, 
M. Itoana and 111. jezoensis from Hokkaido. In these species the uredo­
sori appeared later in season. Comparing the dates of appearance of 
the uredosori originated from the aecidiospores derived from cultures 
in cases of rusts in Uredl~l1opsis and in ]{ilesina, the cases in Milesina 

• 
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TABLE 60. Time of appearance of basidiospores, spermogonia and aecidia of the species of 
Milesina obtained from cultures 

Basidiospores Spermogonia Aecidia 
Species 

I 
Range Average Range Average Range 

]f. Blechni* May 16-Je. 5 ~ - - Jy.10 g I 
Jr. inter'lnedia Je.27-Jy. 6 Jy. 3 (31) Jy. 19-Jy. 25 Jy. 23 (21) Je.31-Aug.1l I 
JI. 1Ilarginalis Je.27-Jy. 5 .J e. 30 (38) Jy. l7-Jy. 2~ Jy. 20(23) Au~. 7-Aug.19 

]f.' polypodophila Je. 21 Je. 21(3) Je. Je. (3) Jy.19-Jy. 25 

M. /l'uctuosa May 24-J e. 15 Je. 8 (27) - - Je. 28-Jy. 25 

M. Scolopcndrii Apr. 27-Je. 30 May 18(5) :May 23-.Jy. 23 Je. 13(5) Je. 20-Aug. 5 

"vI. Dieteliana May 2-Je. 1 May 21(3) May 28-Jy. 3 Je. 16(3) Jy. 21 

M. vogesiaca Apr. 30-May 2 May 1 (2) May 23 May 23(2) Aug. 3 

JI. Kriegeriana May 2-Je.1 :r.fa~' ~l(IO) May ~8-Je. 28 Je. 14(9) Je. 13-Jy. 24 

M. Dl'yopteridis J e. 16-J e. 26 Je. 20(3) Jy. 7 -J'y. 27 Jy. 17 (2) Aug. 26 

"ffJ. cxigua May 30-Je. 17 Je. 6 (8) Je.I7-Jy. 7 Jc. 25(8) Je. 25--Jy. 2 

M. It6ana Je.4-Je.20 Jc. 11(6) Je.20-Jy.I9 Jy. 3 (6) Sept. 23-0ct. 5 

M. jezoen.~is Je. 19-Je. 30 Je. 23(7) Je. 10-Aug. 2 Jy. 17(6) Oct. 3 

M. Miyabei Je. 2 -Je. 14 Jc. 7 (11) Jc. 20-Jy. 10 Jy. 2 (11) Jy. 9-Jy. 20 

JI. sub levis J e. 15-J e. 22 Je. 19(6) Jy. 7 -Jy. 26 Jy. 14(6) Aug. 10 

Extreme limits May 2-JJ. 6 I May I-Je. 30 May 23-Aug. 2 May 23-Jy. 23 J e. 13-0ct. 5 

* Data for M. Blechni from KLEBAHN, for M. inter1lledia, M. 1Ilarginalis, lrI. polypodopltiZa and 

JI. /ructuosa from FAULL, fol' M. ScoZopendrii, M. Dietelialla, M. 1·o.lJesiaca and M. Kriegeriana 
from HUNTER and for the other species from the writer. 

I 
I 

I 
I 
I 
I 

i 

I 

I 

Average 

~ 

Aug. 7 (30) 

Aug.12 (38) 

Jy. 23(3) 

Jy. 16(24) 

Jy. 9 (4) 

Jy. 21(1) 

Aug. 3 (1) • 

Jy. 8 (7) 

Aug.26(1) 

Je. 28(3) 

Oct. 1 (6) 

Oct. 3 (1) 

Jy. 1:1 (8) 

Aug.IO(I) 

Je. 28-0ct. :1 

~ 
~ 
~ 

Ul 
t<:l 
Z 
<!..; 
H 

Pi 
;.-
~ 
~ 



CULTURAL EXPERBfEN'rS 01" 'rHE FERN RUS'l'S 01" ABIES 1K .JAPAN 123 

TABLE 61. Time of appearance of Ul'cclosori obtained from inoculations with 

aecidiospores of the species of Milesina 

Species Fel'n inoe. Inocula Range I Averagc 

M. Blechni* Blcchnum SpiCa?d c Along in August. ~ 

]{. marginal is Dryopteris nwrginalis c In spring of ~ 
following year 

M. intermedia Dryopteris spillulosa, c No uredosori i 
D. spinulosa intermedia formed at any I 

time 

M. polypodophila Polypoc7iunl vil'ginia?w111 f Sept. 13-Scf)t.. 15 Sept. 14 (8) 
(-JUllC) (F) (-~) 

M. Scolopendrii Scolopenilriulll vulgare c Aug. 30-Sept. 18 Sept. S(G) 

M. Dieteliana PolypoiliulJl vulgare c Sept. 15-0ct. 19. Oct. 2 (4) 

M. Kriegeriana Dryopteris Fili.x-mas, c Aug. 30-Sept. 15 I 
D. spinulosa 

Aug. 31-Sept. 15 I 
-

M. Kriegeriana Dryoptcris Filix-1Ilas, c 
D. spinulosa dila'ata, 
D. spinulosa intermedia 

M. Eriegcriana (M) Dryoptcris Filix-mas f Aug. 10 Aug. 10(1) 

M. Dryopteridis Polysticltulll Standishii c Sept. 26 Sept .. 26 (1) 

M. exigua Polysticltum Braunii c Aug. S-Sept. !) Aug. 24(2) 

j\{. Itoana Dl'yopteris cl'assirliizo111a c Nov. 12-Dec. 13 Dec. 1(6) 

M. !toana " 
f Oct. 21-J :lll. 20 Nov. 27(20) 

M. jezoensis Po/ypodi1lln virginianu111. c Nov. 20 Nov. 20(1) 

M. Miyabe'i Dr,1Jopteris crassil'ltiz01na e Aug. Iii-Oct. 16 Sept. 6(3) 

M. Miyabei " 
f Je. 30-Sept. 14 Aug. 16(5) 

M. sublevis Sc%pendl'iu111 nt/pare c Sept. 20 Sept. 20 (1) 
------

Extreme limits 
Aug. 8-Jan. 20 Aug. la-Dec. 

I (-June) l(-n 

.,:- The species were studied by the same authors as indicated in Table 60 exce'pt 

M. Kl'iegeriana(M) whieh was studied by MAYOR. (F) FAULL (1934) in six 
other experiments with aecidiosporcs made ill August 1924 obt:<illcc1 uredosori 

in June in the next year. 

are later than the cases in U1'edinopsis. 
(b) Uredoson: fmrninoC11lations with the accidiospol'cs gained 

from the field. Inoculation experiments with the aecidiospores of some 
1I1ilesina obtained from the field have been made already by FAULL & 
WATSON (FAULL, 1932), MAYOR (1933) and the writer (1935b). The 
present writer's results with lYI. Itoana and lYI. Miyabei agree more or 
less with the dates from foreign countries as well as with those dates 
of the appearance in inoculations with the aecidiospores derived from 
basidiospore cllltnres as shown in Table 61. Oonsidering these results 
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of inoculations with the aecidiospol'es fro111 cultures and from the field, 
the time of the appearance of uredosori in the case of Milesina is always 
later than in the case of Uredinopsis. 

5. Teleutospores. Concerning the time of formation of the teleuto­
spores of a Milesina, produced from inoculation experiments, there is 
little recorded so far. However, MAGNUS (1901) who may have made 
his observation on JYI. Kriegcriana inside the laboratory recorded that 
the spores were detected in the fall on fronds of the current season. 
FAULL (1934) also observing the affected fronds with uredosori of M. 
marginalis saw that the teleutospores occur in 'early spring on the over­
wintered fronds. In the writer's observations in M. It8ana and M . 
. rliyabei 011 inoculated as well as collected diseased fern fronds placed 
inside of Petri dishes, the teleutospores were observed in February. 
Comparing these features of the formation of the teleutospores to those 
of Ureclinopsis, the species of Milesina are distinctly different . 

. 
C. DEVELOPMENTAL PERIODS OF ORGANS 

Periods of the development of each organ gained from artificial 
cultural experiments are discussed in the following paragraphs. 

i. Sl)ennogonia. Concerning periods of the development of 
spermogonia of the species of .itlilesina, the only statistical study has 
been reported by FAULL (1934). He mentioned periods for seven 
species that had previonsly been investigated. A slightly complemented 
summarization was made by the writer (1935a). In the same year four 
European species of Milesina were added ta the list of those upon which 
life history experiments had been completed. Comparing these 15 
species, among a total of 51 species now known, the shortest case in 
respect to the period of the development of spermogonia is that of 
M. exig1la fr0111 Hokkaido, while the longest is that of M. polypoclophila 
froIll North America as indicated in Table 62. Among the six species 
of ).11 ilesina used for the present study, the average development 
period varies from 18 days in the case of M. exiglla to 30 days in M. 

Dryopteridis. Comparing these clata from this country with those of 
taxonomically related foreign species, for instance, in the comparison of 
such combinations as M. exig1ta to ]1;1. vogesiaca, lYI. sublevis to M. Scolo­

pellclril:, M. It8ana to j'J;I. l'ntennecZia and M. jezoensis to lYI. Dieteliana, 
the species of the respective combinations approximate each other. 
Comparing the development periods of the species of Uredl'nopsis from 
Hokkaido to those of the species of M.ilesil1a the former ones are shorter. 
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2. Aeeidia. Concerning the develol-'lllellt period of the aecidial 
stage of some 1llilesina, reports have been made also by FAULL as 
mentioned already. Among 15 species, of which the developmental 
periods are known, the range is from 19 days for a case of lvi. Miyabci 

to three years and one month for M. lJOlypodoph-ila as shown in Table 62. 
Among those of the six Japanese species, the average period varies 
from 25 days for M. exigua to llO days in the case of 1.vI. Itoana. In 
this respect, comparing the periods for taxonomically nearly related 
species, there is sometimes agreement aInong them but at other times 
none. In detail, in such comparisons as M. sublevis with M. Scolo· 

pendrii, or M. jezoC1ls1'S with M. Dieteliana, the periods of both couples 
were some,,;hat similar. But in such cases as M. Itoana with M. iniel·. 

TABLE 62. Developmental periods of spel'mogonia and aecidia of the 
species of Milesina 

Spermogonia I Aecidia 

Species* Hosts No. of days 

Range Average Range Average 

M. Blechni Abies alba, 36(0 - 35 35(1) 
A. cephalonica 

JI. inteT1Iledia A. balsa1llca 14-21 18 (21) 32-38 34(30) 

],1. marginal is " 18-23 19(23) 39-51 43(38) 

Jr. polypodophila " 109.5 1125 

.1I. fT11ctuosa " - - 34-45 38(24) 

M. 'lJogesiaca A. alba 21-23 22(2) 93 !l3(1) 

JI. Dieteliana A. alba, 25-26 26(3) 80 80(1) 
A. concolor 

jl[; ScolopendTii A. alba, 21-29 25(5) 54-78 62(4) 
A. concoloT 

M. Kl'iegel'iana A. alba, 21-30 22(9) 37-57 50(72 
A. concolor, 
A. grandis 

JI. Dryopteridis A. MaYl'iana 21-38 29.5(2) 71 71(1) 

M. exigua " 13-26 18.3 (8) 21-28 25.3(3) 

M.ltoana " 15-39 21.0(6) 101-119 112 .. 3(6) 

Jr. jezoensis " 18-44 23.8(7) 104 104 (J ) 

M. Jtiyabei " 14-38 23.8(11) 19-39 29.3(8) 

M. sublet'is " 15-34 24.6(6) 55 55(1) 

Extl'eme limits 13-1095 18-29.5 19-1125 25.3-112.3 

. ;t The species were studied by the same uuthors as indicated in Table 60 • 
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TABLE 63. Developmental period of uredosori issued from aecidiospore 
inoculations of the species of Milesina 

Species" 

M. Blechni 

M. rnarginalis 

M. intermedia 

M. polypoaop7tila 

M. Scolopendrii 

M. Dieteliana 

M. KI'iegeriana 

), 

M. DryopteJ"idis 

}I'l. exigva 

M.1t6ana 

M. jezoe1!sis 

Fern iuoe. 

Dryopteris spinulosa 

Dryoptcris marginalis 

Dryopteris spi'llulosa, 
D. spinulosa 
v. intermeaia 

Polypo(Ziu'ln virginianum 

Scolopenariu1n vulgare 

Polypodium vulgare 

Dryopteris Filix·mas, 
D. spinulosa 

Dryopteris Filix-mas, 
D. spinulosa 

Dryopteris Filix'1H(Js, 
D. spinulosa 
v. dilatata, D .. spinulosa 
v. intermedia 

Polystichulll Standi8l1ii 

Polystichulll Braunii 

Dryoptcris crassirhizoma 

Limit 

Polypo(liU1il 1;irgi11ia11111n 

No. of days 

Range 

21 

L 

" 37 to 42" 

37-54 

47-69 

28-47 

64.-64 

32-47 

1(j 

13-17 

19-60 

23-43 

Average 

~ 

46(6) 

58(4) 

38(4) 

64(2) 

37(3) 

Remarks 

"801110 urediniu 
may have formed 
in late full but foe­
cn in spring of the 
following ~'ea,r" 

"No uredinia fo­
und nt :my time" 

Aecidio~pores 
originated from 
Dryopteris Filix­
mas 

AecidiosIJorcs 
origin a ted from 
Dryopteris spiml­
lesa Y. dilatata 

16(1) Cut pinnae. In-
ocula obtained 
from cultm'c 

15.0(2) Potted pI. Inoel!-
la obtained from 
culture 

34.0(20) Cut .piullae. In­
ocula 0 btaiued. 
from field 

230. (1) Potted pl. Inocu-
la 0 btaiued fron 
culture 

36.6(5) Cut pinnae. In-
ocula obtaille(l 
from culture 

19-60 _ 34.1 (26) 

28 28(1) Cut pinnae. III 
ocula obt:iinc(l 
fl'Ont culture 



CULTURAL EXPERIMENTS OF THE FERN RUSTS OF ABIES IN JAPAN 127 

M.Miyabei Dryopteris erassirhizo'll1a 22 22(1) Potted pI. 
Inocula obtained 
from culture 

" " 12-14 13(2) Cnt pinnae. 
Inocula obtained 
from culture 

" " 13-31 18.4(5) Cut -pinnae. 
Inocnla obtained 
from the field 

" Limit 12-31 17.5(8) 

M. sublevi~ Scolopendrium vulgare 38 38(1) Cut pinnae. 
Inocula obtained 
from culture 

Extreme limits 12-69 13-64 

Limits of average 15-64 periods 
" 

* The species were studied by various authors as indicated in Table 60. 

media or M. exigtta with 111. vogesiaca, although they are nearly related, 
their development periods differ considerably. Comparing the periods 
of Milesina species to those of U7'edinopsis, those of the latter genus 
are far shorter than those of the former. 

3. Uredosori. A. statistical study on the developmental periods 
of uredosori of the species of Milesina ,vas made by FAULL (1934). He 
collated these periods for five species that were previously known to be 
related to Abies. A.ccording to his Table 9, the periods for producing 
uredosori range 13-42 days in three species out of his ·five. KLEBAll~ 

(1916) said that the period in M. Blechni was comparatively long. 
MAYOR (1933) reported such a period after the inoculation of the aecid­
iospores of M. Kriege1'iana to be 15 days. Recently HUNTER (1936a), 
concernjng three species including M. Kriegen'ana published that they 
need 28 to 69 days. In the six species used in the present study, the 
uredosori from aecidiospore inoculations appear after 12 to 50 days with 
15 to 38 days as the average for each species as shown in Table 63. 

In the case of the uredospore inoculations as shown in Table 64, the 
writer obtained uredosori of Miles1'na Itoana and M. Mt:yabei in 27,0 and 
24.0 days on the average respectively. From the results also it is 
ascertained that the developmental period· in M. [Mana is longer than 
that of M, Miyabei. 

Restricting his experiment to a certain species of our Milesina rusts, 
the writer has found, just as also in Uredinops'/:s materials, that the in­
cubation periods for producing uredosori in the experiments in Petri 
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'f ABLE 64. Developmental "period of Ul'edosori obtained by ureclospol'e 
inoculations of some Milesina 

No. of clays 
Species* Fern hosts Remarks 

RlUlge Average 

M. It6ana Dryopte/"'is 26-28 27.0(2) Gut pinnae 
crassirhi:w'Illa 

M. Miyabei " 23-25 24.0(3) " 

* The species wel'e studied by the writer. 

dish were usually shorter than those carried out with potted plants. 
After reviewing Table 63, which contains development periods of the 

uredosori concerning various species of Milesina from this as well as 
foreign countries, it is learned that the period varies widely according 
to each species just as already remarked by FAULL (1934, p. 82). In 
general, however, it is very clear that the periods of the species of 
Milesina are usually longer than those of the species of Uredinopsis. 

4. l'ele1tiospores. Heretofore, there have been only meager reports 
on the period of the develo.pment of the teleutospores of Milesina. FAULL 

(1934) reported that the teleutospores of M. marginalis were detected 
after three weeks' incubation at the areas where previously uredosoruil 
bearing lesions had been richly seen. He also reniarked on the forma­
tion of the teleutospores of M. intermeclia that it depends "on the earli­
ness of the infection and the nature of the environmental conditions." 
In the present materials, the writer has observed alive in Petri dish in 
late fall a partial frond of Dryopteris crassi1'hizoma bearing an ample 
number of the uredosori of M. Miyabei, the teleutospores were seen to 
be developed and even germinating after 67 days from the treatment. 
Also in M. Itoana, on the host fern in Petri dish inoculated with aecid­
iospores, the teleutospores were seen 97 days after the inoculation. Con­
sidering these observations on the period of development of the teleuto­
spores in each species, in general, the periods of Mt'lesina species are 
comparatively far longer than those of the UrecZino1Jsis species. 

D. HosT RESTRICTION 

1. F'i1- hosts. As to the restriction of species of 1Yl7"lesina to the 
fir hosts, FAULL (1934) summarized previously reported results relating 
to M. Blechni, M. exigua and M. j1'ucttlOsa. According to his conclu­
sion, (FAULL, 1932, p. 126 and 1934, pp. 79 and 84) in short, there IS 
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no definite restriction or preference 'of the host species, that is to say, 
they can infect a rather wide range of species of Abies equally. In the 
life history studies of M. K riegeriana, HUNTER (1936c) was equally 
successful to inoculate with basidiospores on needles of Abies alba, A. 
con color and A. g1"Clndis. As for the writer's observations, in the case 
of M. exigua, the basidiospore inoculations were altogether sllccessful 
on the needles of Abies Mayriana, A. sachalinensis and A. firma. More­
ovei-, in M. Itoana, its fir hosts are proved to be Abies Mayriana as well 
as A. sachalinensis. These results from the investigatiolls of HUNTER 

and the present writer may well support FAULL'S conclusion mentioned 
just above. 

2. Fen! hosts. As to the production of the l1l'edo- and teleuto­
stages on fern hosts, the infection by the rust is strictly limited to its 
special proper host or hosts only. FAULL (1934) has already indicated 
such an inclination securing no success with aecidiospore inoculations 
on four species other than the proper host ferl~ in the case of M. inter­
media, on five species in the case of M. marginalis and two species in 
the case of M. polypodophila. HUNTER (1936a) also carried out test 
inoculations with aecidiospores of Milesina Scolopend1'ii, M. Dieteliana 
and M. Kriegeriana. In the two former rusts, negative results were 
obtained on ferns other than the proper special one. In 1lI. Kriegeriana, 
successful inoculations were made on both of the two fern hosts alike. 
The writer also in this connection tried similar inoculations with the 
aecidiospores of lI'hlesina ltoana derived from cultures on four other 
fern hosts and with the aecidiospores and uredospores of 111. Miyabei on 
two other fern hosts failing to gain any uredospores in both cases as 
was already shown in the respective paragTaphs and in Tables 53, 56 
and 58. 

E. DISCUSSION ON THE LIFE OYCLE 

The fern rusts belonging' to the genus Milesina, as stated by FAULL 

(1932, 1934), have now been found on the species of about ten genera 
in Polypodiaceae. Restricted to this island only, some eight MileSt'na 
rusts are found on each of some species or I'm-ely more than one species 
of Asplenium, Dryopteris, Polypodimn, Polystichurn and Scolopendrimn. 
They all, in comparisQn to the host ferns of Uredinopsis rusts, are far 
better fitted for the overwintering habit and some of their fronds remain 
"in a more or less green condition" until the next spring as mentioned 
by FAULL. Except for rare instances, the teleutospores develop on the 
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overwiutered affected fronds in the next spring. An exceptional case 
was seen in this locality in the case of M. exigua, in which basidiospore 
materials were often collected before snow-fall and successfully 
inoculated on Abies. In the usual species, however, the teleutospore 
formation is associated with the production of crops of uredospores on 
·the overwintered leaves and propagation from fern to fern as already 
indicated by KLEBAHN (1916) and FAULL (1932). This inclination is 
typically seen in this locality in the case of M. Dryopteridis on the fronds 
of Polystichurn Standishii. On this fern, as' already mentioned, one may 
detect a very small number of mature uredosori on less discolored lesions 
in the latter part of the season but in the spring on the old fronds, in 
about June, a profuse mass of the uredospores as well as mature teleuto­
spores on almost blackish discoloration are seen. In the case of M. Itoana 
from this locality the conditions seem to be a little different from the 
cases described above. The writer has not yet obtained uredosori on 
current year fronds but has occasionally on the overwintered ones of 
Dryopteris crassirhizoma. The true reason for these special characters 
may be partly attributed to the slower development which is also 
generally true for other species of Milesina compared with the species 
of Uredinopsis. On the other hand, in Uredinopsis, overwintering is 
often accomplished by means of amphispores as well as teleutospores. 
But in ill ilesina, the amphispores have not yet been found, as FAULL 
(1932) pointed out, in any species of the genus. Considering these 
features the hibernation of the usua~ species of Milesina must certainly 
be made by the mycelia in the tissues of the affected fronds. From 
the mycelia new uredospores 'are developed after overwintering. This 
hibernation by mycelia was also indicated by TREBAUX (1914) in the 
case of Thekopsora and other rust fungi. Recently P ADY (1935) also 
published similar information in Hyalopsom. Indeed, a species of 
Milesina must be fitted for autoecism and "may be continued indefini,tely 
from year to year without reference to an aecial host" as said by FAULL 
(1932, p. 125). This is true because the same M ilesina rust on the 
same fern host at the same locality is to. be found in succeeding years. 
THURSTON (1928) already mentioned such an inclination in the case of 
1Y1. polypodophila. The teleutospores mature at about the time when 
the leaves of Abies begin to unfold. The portions where these teleuto­
spores are contained are usually discolored but the texture of the host 
tissue mostly remains quite intact unlike the case of the Uredinopsis 
species. 'When the germination of the spores has occurred, the promy-
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celium penetrates the upper wall of the epidermal cell by a tiny pore 
which is clearly visible in the face view of the affected leaves. A mass 
of basidiospores and basidia covers the lesioll presenting a whitish film­
like layer. 

Heteroecism with these basidiospore inoculations onto Abies has been 
experimentally proved by several authors. It was known from these 
proofs that the periods for the development of spermogonia as well as 
aecidia are generally longer in Milesina than in Uredinopsis. A very 
much longer case was in M. polypodophila, needing three years and one 
month as shown by FAULL (1934). For M. ltOana in this locality the 
period is also rather longer extending for more than three months. In 
those species in which the development of the aecidia occurs late in 
season, the time in which mature aecidiospores reach the fern host, is 
of course delayed much toward winter. The new infection on fern by 
means of aecidiospores in the later autumn can not be devE)loped into 
uredosori, because of the hindrance by cold weather. It happens that 
in this specie·s the teleutospores are usually very abundantly produced. 
In contrast with that feature the uredosori, which were seen in the spring 
on the overwintered leaves, were very meager in number and also 
obscure .. Whether this paucity of the uredospores is related to the 
abundance of the teleutospores or not is as yet undetermined. In such· 
species as M. ltOana, however, basidiospores are more abundantly 
produced and infection of needles of Abies must also occur in profusion, 
making the species well adapted for heteroecism. In other species of 
Milesina used for the present study, new uredopustules were probably 
derived mainly from the reinfection of uredospores, which had been 
formed in the previous season. The latter course of development must 
be the usual one for any species of Milesina. 

In the rusts in which the appearance of aecidia occurs late in 
season, the aecidial stage may overwinter in sit1t and may be collected in 
the next spring on second year needles. Such cases were encountered by 
the writer in this locality. But these collections can not be confused 
with such species as those in which the aecidia develop on the older 
needles directly as in the case of M. polypodophila in North America. 

Among the species of Milesina, such a one as M. Miyabei in which 
the morphology of the fungus is somewhat nearly related to some of 
the species of Ul'cdinopsis, the developmental period happened to be 
shortened and the aecidial stage was collected earlier in the season. 

Conclusively, as partly indicated by tne writer already (1935a)" 
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Milesina rusts in general, must probably propagate by both modes of 
life cycle, autoeciously and heteroeciously, just like Uredinopsis rusts. 
The respective developmental periods of each organ, however, are 
generally longer resulting in a delay in the appearance. So, also in the 
case of the aecidial stage, the issuing of the organs in M ilesina is later 
than in Uredinops~·s. FAULL (1938b) recently announced a similar COll­

clusion. 
The species of Milesina, as in U1'edinopsis, and probably also ill 

other Abies rusts, while strictly restricted on fern hosts, are scarcely 
restrained to a single species of the fir host. Such parasitism may 
naturally explain how one and the same species of fir in a locality is 
attacked by two or more species of the same or different genera of Abies 

rusts, requiring careful taxonomic investigations of the stages' on the 
Ab1·es host. Indeed, the writer found such a case of two distinct species 
from genera of L'rerlinopsis and Milesina or Milesina and Hyalopsora 

infecting together even on the same single needle, each slightly differing 
from the other in its stage of development. 

F. COMPARATIVE MORPHOLOGY 

The need of comparison of the various morphological characters IS 

similarly felt also in Miles1:na just as in the case of Uredinops1·s which 
has already been remarked. 

(1) Spermogonium stage 

'l'he comparative morphology of the spermogonia of some species 
of 11iilesina has already been studied by FAULL (1929, 1934) and HUNTER 

(1927, 1936c). The latter presented detailed ontogenetical descriptions 
of nine species accompanied with a table of morphological data and 
illustrations. Similar photographs of sectional views of spermogonia 
of M. exigua and M. ltoana were also published by the writer (1930, 
1935b) . Concerning materials and methods for the investigations they 
were. similar to those described in the case of Uredinops7·s. 

1. Color of spernwgonia. The color of the spermogonia of the 
species of Milesina is the same as those of Uredinopsis, and entirely 
hyaline. 

2. Age of the affected needles. This is also the same as in 
Ured,inopsis material and is always of the current year needles. In 
North America the greater age of the needles affected by M. polypodo­

IJhila has been reported by· BELL (1924) and FAULL (1929). 
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3. Position of spermogonia. So far as the writer's observations 
are concerned, all of the six species of material were always 11ypophyllous 
except M. exigua in which a minor part of the spermogonia were epiphyll­
ous beside usual hypophyllous ones. From foreign countries, amphi­
genous but mostly hypophyllous ones in the cases of JYI. marginalis and 
M. Blechni are reported. FAULL (1934) noted that the spermogonia in 
the cases of various specimens of M. frnctuosa are variable in respect 
to the position on the needles. M. polypodophila was stated to be the 
only species in America that has hypophyllous spermogonia. Recently 
HUNTER (1936a) announced that M. Scolopendrii; M. Dietel1:ana, M. 

vogesiaca and "At. Kriegeriana have "epiphylloLls and hypophyllous" 
spermogonia. 

4. D1'stribution of spennogonia. They were usually discrete bilt 
sometimes two to three spermogollia were seen to be closely attached 
to each other in the cases of M. exigua, M. !toana, M. Miyabei and 
JYI. sublevis. The rare occurrence of such confluency of the spermogonia 
in the case of M. polypodophila was mentioned by HUN'l'ER(1927). 'rhey 
were arranged almost in a line on both sides of the midrib. more or less 
alternating with aecidia as shown in PI. II, figs. i, j, k and m. 

5. Number of spernwgonia. ~'AULL (1932) and HUNTER (1927, 
1936c) respectively, have already mentioned the number of the sper­
mogonia of some species of M'ilesina, designating them by the terms 
"few", "abulidant", "very abundant" and "numerous". Particularly in 
the case of M. polypodophila, FAULL (1934) said the number of sper­
mogonia on a needle varies from ten to twenty which case somewhat 
approaches the writer's observation on M. Miyabei and M .jezoensis. 

Among six species of M'iles1:na used in the present study, the total 
number of spermogonia as well as those per square millimeter were 
rather fewer in the cases of M. M'iyabei and M. ltoana compared with 
those of other species. In a certain needle affected by 1}I. cxiglla, the 
total number attained to 58. This was the greatest number seen among 
all the needles attacked by any species of Miles/:11(l used in this study. 
Even in this case, the number of spermogonia was far less than in any 
species of Uredinopsis. Such an occurrence is very reasonable if the 
number of the spermogonia per needle is presumed to be the reverse 
of the size of each organ. The smallest number of the organ per needle 
was seen in the case of M. !toana and following it more numerous ones 
were found in the order M. Miyabei, M. jezoensis, M. Dryopicn'dis, 

M. exiglla and M. sublcm's as shown in Table 65. The order of the 
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TABLE 65. Number of spermogonia in six species, of Milesina 

Range Average* 
Species Hosts 

per needle per sq. mm. pel' needle per sq. llllll. 

M. Dryopteridis A,M. XVIll• IIll< 3-38 2-9 14.7 5.5 

M. exigua A·f. l •• A.M. X ,O 2-58 4-10 19.8 6.8 

M.ltoana " I,. 5-15 2-4 9.0 2.9 

M. jezoensis " XYIIl lO • XIX,o 8-17 3-5 12.5 3.6 

M.Miyabei " Ill, II,1o VIIIll 7-20 2-6 12.4 4.2 

M. sub levis " XIll 10-40 3-6, 21.5 4.3 

* Average number of needles and areas examined for the number of sperlllogonia 
was in each case 10. . 

number per square millimeter was also somewhat similar. 
6. Situation of spermogonia. (a) Face view. In the six species 

of Milesina used in this study the spermogonia were mostly situated at 
the stomatal areas but often were seen also in the marginal part, just 
alongside the stomatal areas. 'rhe occasional occurrence of the sper­
mogonia, "upon the side of" the needles was already reported by 
HUNTER (1927) in the case of M. marginalis. In the face view of the 
subcuticular spermogonia, the upper central part of the organ was 
perceptible through thin cuticle and likewise their irregular lined pore. 
In subepidermal cases, on the contrary, the opening was shown as a 
minute pore and the upper part of the organ was quite invisible. 

(b) Sectional view. According to their different locations the 
writer's six species of Milesina may be divided into two groups. To the 
subcuticular type, belong such species as M. Dryopte1'idis, M. exig1ta, 
M. jezoensis and M. sublevis, while to the subepidermal type such species 
as M. Itoana and M. Miyabei. The subcuticular ones were already known 
in the cases of M. intermedia and M. marginalis from North America 
and in the cases of M. Dietel-iana and M. vogesiaca, M. Ilyiegeriana and 
M. Scolopendrii from Europe by the reports of HUNTER (1927, 1936c) 
and FAULL (1932). HUNTER (1936c) explained the form and position of 
the spermogonia of these foreign six rusts by the remarks "subcuticular, 
immersed". The subepidermal ones had previously been seen only in 
the case of M. polypodvphila from North America. HUNTER (1. c.) 
designated them as "subepidermal, immersed". Recently HUNTER (1. c.) 
corrected her previous assertion about the spermogonia of M. marginalis 
by saying that they are rarely subepidermal. In her onto genetical 
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studies of 11'1. intennedia and M. Kriege1'iana, she stated that in the 
earlier development of the organs the spel'mogonia originate "in the 
outer epidermal wall." 

Concerning our species such ontogenetical. studies have not been 
made and the observation was limited to matured stages. In the sub­
cuticular spermogonia of our materials, some epidermal cells, at least 
their upper walls situated just below a spermogonium, were seen to be 
almost always crushed, and a thin cuticular layer was ,seen remaining 
above the apex of each spermogonium. The body of the spermogonium, 
so far as seen, was -found to be situated in the space of a cell-cavity 
or much enlarged room, which probably must have been formed by the 
pressure exerted upon the mesophyll beneath in the course of its develop­
ment. So the shape of the organ was seen in the median sectional view 
to be somewhat as illustrated in PI. V. IIi general the peripheral tissue 
of the organ was seen to be composed of rather thin pseudoparenchy­
matic layer, and the inner surface was lined with the hymenium of con­
verged spermatiophores intermixed with the so called "flexuous hyphae" 
Sometimes a few sterile spermatiophores were seen near the ostiole. The 
lower end of the spermogonia was seen to reach up to one-third to one­
half of the leaf thickness. So comparing with the subcuticular sper­
mogonia of Uredinopsis, those in the species of Milesina under discussion 
were generally immersed more deeply. In the subepidermal type, the 
features were somewhat similar to those of the subepidermal type of 
Uredinopsis, as for instance those in U. ossaeiformis and U. 1·ntermedia. 
Normally the upper part of the organ was located just under the 
epidermis, and the overlying host cell layer was seen often quite un­
disturbed. Usually near the ostiole, sterile spermatiophores were also 
found just under the epidermis. In such a portion,.some epidermal cells 
were seen to be invaded by some hyphae. The peripheral portions were 
rather like those of Milesina of the subcuticular type and also those of 
Uredinopsis having subepidermal spermogonia. The lower end of the 
organ attained to a further depth than in the case of the subcuticular 
type. It reached up to two-thirds or four-fifths of the whole leaf thick­
ness, which was almost like the limit of the depth of the aecidial organ. 

7. Size of spermogonia. As shown in Table 66, distinctly larger 
diameters, ver.tically as well as horizontally, were seen in the case!, of 
subepidermal spermogonia. Among two species of this type, those of 
M. Itoana were larger than in the case of .M. Miyabei. Among the 
species of the subcuticular type, the spermogonia. of M. exig1ta were 
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the largest. After these follow in order those of M. Dryopteridis, M. 
sublevis and M. jezoensis. HUNTER (1936c) also mentioned the size of 
the spermogonia of nine species of Milesina. Among them, M. polypodo­
phila was nearly the same as M. Miyabci anti M. Itoana in our materials. 
M. fructuosa (or M. 1'ntennedia) was indicated to have smaller organs 
compared with any species of the present rusts investigated. Sper­
mogonia of other species mentioned by her were more or less near to 
those of the other four species of the writer's investigations. 

TABLE 66. Size of spermogonia in six species of Milesina 

Range (}J-) Average (}J-)'" 
Species 

Face view Sect. view Height Face view Sect. view Height 
-

M. Dryopteridis 110-187 134.4-] 84 01.6-166.5 153.5 156 136.4 

M. exigua 132-176 122-185 III -173.9 157.3 157.9 132.8 

M. !toana 160-256 172-320 172.8-233 208.3 251.5 230.4 

M. jezoensis 99-165 104-]54 91 -154 133.7 127.3 115.4 

M. Miyabei 132-231 165-297 174 -242 ]90.3 223.1 213.8 

M. sublevis 132-176 110-220 64 -204 1<17.4 150 119.4 

The numlJer averaged was 20. The size in sectional view means that measUl'ec1 
in a longitudinal section of the needle, and the size in face view means that 
measUl'ec1 in the upper view almost at right angles to the horizontal axis of 
the spermogonium. The hosts Oil which the materials were taken 'were: in 
Milesina Dryopteridis, Abies Mayriana. XVIn , IIh!; in M. exigua, A. firma I,,; 
in M. !toana, A. MaYl'ialla I"" II,,; ill M. jezoensis, A. Mayriana XVIII,o, 
XIXlO; in M. Miyabei, A. Mayriana XV,;, lIn, and ill M. sublevis, A. Mayriana 
X" XVIIIn . 

8. Shape of spernwgonia. (a) Face view. The shape of spermo­
gonia of the six Japanese species of Milesina seen in face view was some­
what circular to oblong. When distinctly oblong as in the case of M. 
Itoana, the longer diameter was nsually parallel to the longer axis of 
the needle, but rarely, at right angles or oblique. The marginal line 
was almost concretely circular but often a little wavy in the outline 
which is especially true in the case of !rIo Miyabei. 

(b) Sectional view. Concerning the sectional view of the spermo­
gonia of a Milesina, HUNTER (1936c) described it as "spherical" in the 
case of ]}I. polypodophila and in nine other species as "hemispherical 
to almost spherical," "subspherical to almost spherical," "somewhat flask 
shaped," "hemispherical to slightly flask shaped" or "hemispherical to 
slightly flask shaped" or '"hemispherical." In the present observations. 
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also they were more or less spherical to flask-shaped. Sometimes they 
were elongated and seen as somewhat utricular. In the subcuticular 
I'>pecies, the apices of the organs were often a little erumpent and seen 
as rather subconoidal. In the subepidermal species, the organs did not 
l'ise above the level of the epidermis and were more spherical except for 
an occasional elongated utricular appearance. Remarks concerning the 
shape of the spermogonia of each species are appended as follows;-

frI. Dryopteridis: flattened spherical to almost spherical. 
il1. exigua: subspherical to flask-shaped. 
il1. ItOana: almost spherical to utricular. 
il1. jezoensis: subglobose to flask-shaped. 
il1~ il1iyabei: almost spherical. 
il1. stlblevis: subglobose to flask-shaped. 

9. Openings. The openings of spermogonia of il1 ilesina through 
which spermatia are emitted have already been described by HUNTER 

, (1927; 1936c) and FAULL ~1932, 1934). FAULL (1934, p. 70) describing 
spermogonia of il1: polypodophila said, "frequently there may be a stoma 
more or less eccentrically located on the epidermis that covers a spermo­
gonium. This opens wide, the opening with a jagged line of broken 
cuticle." According to the writer's observations, in general, the opening 
was made on the cuti~ular layer or on the epidermal cells just beside 
or apart from stomata. Especially in the subcuticular species, they were 
mostly slit-like but often roundish to irregular polygonal. Often the 
slit was seen extending across the entire diameter of the spermogonia. 
In the confluent ones, the slits of the adjacent two organs, were often 
running together and seen to be much elongated as in the cases of il1. 

exigua. They were mostly parallel to the longer diameter of the organ, 
but sometimes were at right angles or oblique to it. These features were 
somewhat like to the subcuticular species of Uredinopsis. Usually the 
opening was made at the central portion of the cuticular layer covering 
the organ but, rarely, quite aside from the center. In the subepidermal 
species, the opening was made on the epidermis covering spermogonia 
locating centrally or eccentrically anti seen almost always pore-like. 
These features are rather similar to those of U. ossacifo1'lnis and U. inter­
media. The opening of the spermogonia seen in the face view for each 
species of the Milesina materials was measured as shown in Table 67. 

10. Spennatiophores. Spermatiophores of the six species of 
itIiles1:na used in this study were simple or branched. They arose always 
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TABLE 67. Size of openings ·of spermogonia in six species of Milesina 

Range (JL) Average (JL) * 
Species Hosts 

Length Width Length Width 

M. Dryopteridis A.M. III" 39 -130 9.7-52 62.4 26.6 

M. exigua A·f· I. 45 -149.5 26 -52 96.8 39.6 

M.ltoana A.M. (Tomakomaj 19.5- 58.5 13 -45 3U 24 
Imp. For.) 

M. jezoensis " XVIII,o 32.5-110.5 19.5-97.5 72.8 45.5 

M. Miyabei " IIu 19.5- 52 13 -32 40.9 23.7 

M. sub levis " X'i 19.5- 97.5 13 -32.5 53.3 18.8 

" The number averaged was 10. 

from 11).ore or less basal elongated cells and had septa especially at the 
basal portion. They were also straight or a little curved and tapering 
toward the apex on which the spermatia were constricted. In M. 
Dryopteridis, M. exig1lCl, M. jezoensis and lYI. sublevis, the spermatio­
ph ores were shorter and less branched while in M. Itoana and M. Miyabei, 
they were comparatively longer and much branched. HUNTER (1936c) 
has already mentioned the branching of the spermatiophores from the 
enlarged hypha 1 cells of the stroma in the case of M. vogesiaca. 

11. "Flexuous hyphae." In the conclusions and summary of her' 
recent paper HUNTER (1936c, p. 142, No.9) said, "the spermogonia of 
the Melampsoraceae lack paraphyses. But 'flexuous hyphae,' possibly 
receptive -organs, extending beyo~d the aperture of the spermogonium 
have been found in numerous species of the Melampsoraceae." She 
mentioned as examples such species of Milesina: lYI. rnarginalis, M. poly­
podophila, M. Kriegeriana, M. Dieteliana, M. Scolopendrii and M. 
vogesiaca. She also said in the case of M. Scolopendrii that "spetmatia 

. were occasionally attached to 'flexuous hyphae' but the nature of the 
connection was not determined. 'Flexuous hyphae' are greater in dia­
meter for most of their length than spermatiophores and are not so much 
attenuated." In everyone of the six species of Milesina ·used in the 
present studies, the same sort of· hyphae were also observed by the writer. 
Whether or not these hyphae are truly receptive organs could not be 
determined. However, that the hyphae seen by the writer must surely 
be the same as those described and illustrated by HUNTER, is almost 
beyond doubt. Therefore in this paper the term is used to designate 
the hyphae under consideration. In the present materials, in general, 
the hyphae were much longer than the spermatiophores. Among them, 
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m some casef>, a more slender hypha-like bod~- having even diameter 

and rich contents ,vas obsel'vec1. But ill other caseR, the apex of the 

hyphae was markedly broadened and seen to he band-like provided with 

scant plasma. 'rlwse OJ'gelllS branch 01' elongate hom the hasal cells 

of the stroma jm;t as in spermatiophol'es. (e1'. Pig. fi a-e; 1'1. vn, 
fig. ] 7. f-l). Sometimes they were clearly seen to he extended IIp to 

the llpper middle of the illller space of each spermogonimn. 'which was 

tnle in the eases of lVI. e:rir!1ta, lVI. and M. ItOIl'l/(]. They ap­

peared at first sight to he spermatiophores hut after close inspeei:ion 

they were seell to be far long·er. HTTNTER (H)~lGe. p. 129) has already 

mentiOlwd regarding !If. lhetc7i(Jna with illustratioll that "the (lark balld 

lying over the spennogonimYl S11O"\1'1l in Pig. ml is made up of spermatia 
apparently massed aro11ll(1 the long llyphae." The writer also observed 

sneh features ill trw easE' of the spermog'Ollia of ill. c:x;?'Unll Oll A In"es finna 

as ShOWll in PI. V, fig. h. 

12. ,,'{j'ze of S7)ennaiia. 'l'he sille of sperHlatia of three species of 
Milcsinu has already bpPll lllf'lltiOlwd b~- HUl'\TER (lD27). Amollg' six 

Npecif's of JVhlcsil111 llSP(\ ill this stlld~-. (,omparatively large spermatia 

,\'prp "eell ill tIl(-' eases of M. f))'yoT)teridis. M. e:riU?lu. M .. iCZ()(,l1Sis and 

~'ig. ;). .. ~'leXll01lS hyphne" millgh'(l with sywJ'mntio]lilo1'CS in the SPC'l')]]ogollin of 

Jfi/('sino. x 11;'(l. (n) Jfiicsillo cxipull OJl Abies JfaJlrialll!. XI". ell) M .. irz()('nRis 011 

A. J1(].lI1'i(]uo X'-lll",. (.) .11. MiJj([7Jei OJl A . .l1([Jj1'1·0l1([ XIIT,. 
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ill. sublevi:; while smaller ones were seen in 111. 1toana aud lYI. M'iyabei. 
Minute differences which existed between these species may have becH 
derived from the calculation based Oll an abundant number of 111-

dividnals. Some measurements taken b~· the writer are showlI ill 
'l'able 68. 

TABLE 68. Size of S)Jcl'matia ill six species of Milesina 

Range (p,) AYerage (IL) 
:Species Hosts Hatio 

Lellgth Width Length Width 
---~----

JI. Dryoptcridis A.M. XVI I1 4-6 1.3-1.7 5.1 (10) 1.5 ( " ) 3.40 

M. exigua " XVI. 4.8-7.4 1.:::-2 6.1 (100) 1.5 (" ) 4.06 

"If.1t6ana " III'5 3.5-6 1.0-1.!) 4.7 (100) 1.3 ( " ) 3.61 

M. jezoen8is " IV," 5-7.5 1.2-2 6.1 (70) 1.8 ( ,,) 3.38 

Jf. Miyabei " XV6 3-6.1 1.2-2.3 4.2 (100) 1.5 ( " ) 2.80 

.}I. 811 blevi8 I " X 7 6.5-9.1 2.1-2.6 7.5 (10) 2.5 (,,) 3.00 
I 

13. Shape of spennatiu. HUNTE1~ (1927) said ill ill. polY]Joc/oph'ilu, 

that the spel'matia are "elongate". FAULL (1932) said ill M. 'J1W1"gi1talis, 
11[. 'intennedia and M. polypodolJhila that they are "llarnl\r!y ellipsoid" 
or "lIar1"owly elliptical." III the six species used in the present studies 
they were narrowly elliptic, or obiollgo-cylillllric. 'l'he ratio of the louger 
and shorter diameters shows that the former are 2.8 to 4 times the latter. 
'rhis is not so different from the cases of Urecli:nopsis (cf. Table 38). 
Both ends were mostly rounded, but often truncated or sometimes point­
ed. In the shape of spermatia only, however. clear specific distinctions 
e01Ilc1 not be observed by the writer. 

(2) AecidiU'l'n stage 

Of comparative studies 011 the morphology of the aecidiulIl stages of 
some M1'Zesina, there has as yet been no publication except short accounts 
by the writer (1935b). 'l'he materials used were obtained from fresh as 
well as dried specimens that came from cultures and field collections. 
'rlle methods of study were the same as in the case of U1'edinopsis. 

1. Age of neecZles on which accicl'ia appe(J1'. Among twelve species 
of JIIhlesi1l(1 of which the aecic1ial phases have heretofore been observed, 
ollly ill. polypodoph1'Za in North America produces aecic1ia on "third 
year" old needles. In the six species of Milesina used in this study, the 
aecidia of every species appeared on the cnrrent year needles as seen ill 
other species. 
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2. Position of needles on which aecidia .appear·. The position on 
needles of Abies where aecidia of the species of M'ilesina appear, so far 
recorded, was always on the undersurface except in one species, namely 
M. It8ana, in which case some aecidia were produced also on the upper 
surface of the affected needles. 

3. Number' of aecidial sor'i per' affected needle. WILSON (1924) in 
the case of Aecidittm pseudocol1lrnnale KUHN, a probable form of a 
certain species of Milesina, stated the number of aecidial cups to be 3-9 
per needle. Those of the six species used in this study are tabulated 
.in Table 69. As shown there, although clear limits between the species 
cannot be discerned in respect to the number of the aecidia, yet it is 
impossible to overlook that the average number was less compared witl1 
those in the species of Uredinopsis. 

TABLE 69. Number of aecidial sori in six species of Milesina per affected needle 

Species Hosts Range Average 
.. 

M. Dryopteriilis A.M. IV,. . 2-14 8.3 (6) 

M. exigua A·f. I •• A.M. V. 3-20 10.1 (20) 

M. Itaana A.M. 115' 11,5• III" 1- 6 2.0 (22) 

M. jezofnsis " XVIII, •• XVI,. 1- 5 3.0 (5) 

M. Miyabei " VIIIll 4-10 7.0 (15) 

M. sub levis " Xlu 1- 9 3.1 (11) 

4. Dimension of aecidial sorus. (a) Height of the aecidt'al cups. 
According to the present observations, the height of the aecidial cups 

. ranged from 0.5 to 3.6 mm. Comparatively high cases were seen in 
M. IMana and M. Miyabei, while the lower cases were in M. e:cigua and 
M. S71blem's as shown in Table 70. 

TABLE 70. Height of aecidial'cups in six species of Milesina 

Species Hosts Height (mm.) 

M. Dryopterir7is A.M. XVIll Up to 2 

M. exigua A·f· I" A.M. III. 0.5 

M. Itoana A.M. II" Up to 3 

M. jezoensis ., XVI,• 1 

M. Miyabci lIn Up to 3.6 

M. sublevis XIll 0.5 
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(b) Diameter of aecidial cups. 'l'he diameter of the aecidial cups 
,yas measured as shown in Table 71. The largest one was seen in lYI. 

!tvana and more delicate ones were shown in M. Dryopfen·dis. 

TABLE 71. Diameters of aecidial cups ill six species of Milesina 

Range (p,) Average (p,)* 

Species Hosts Long Short Long Short Ratio 

diam. diam. diam. diam. 
--~---

M. Dryopteridis A.M. XVI l1 126-210 - 182.7** - -
M. exigua A.f. I., A.M. III. 240-360 200-360 291.6 283 1.03 

M. It6ana A.M. II,. 378-737 273-550 473.6 363.6 1.30 

M. jezoensis " XVI,. 220-275 165-242 256.6 209 1.22 

M. Miyabei " IIll 187-275 176-275 246.4 228 1.08 

M. suble'l!is " XIll 176-297 165-275 239.8 208.4 1.15 

* The number averaged WilS always 10 except M . .iez()('lIsis ill which it was 
only 3. 
The diameter in the ease of M. Dryopteritiis was measured only in the direc­
tion of the longitudinal axis of the needle while in the other five species it 
was mensul'c(l both ill longer aml shorter nxE'~ of each organ. 

(c) Shape of aeeidial cups. 'l'he Ollter shape of aecidial cups was 
generally cylindrical. Of the six species a rather flat one having oblong 
hoi'izontal shape was seen in the case of M. Itvana, while those of M. 

exigua and M. Miyabei were almost cylindric as indicated by the ratio 
of the longer and shorter diameters shown in Table 71. Iil general, 
the longer diameters were directed along the longer axis of the needles. 

J. Peridial cells of the aecidia. (a) Combination of peridial 

cells. In the species of Milesina used in this study, the mode of the 
combination of peridial cells of the aecic1ia was not essentially different 
frOlll that of Uredinopsis mentioned already. 'rhey were joined firmly 
with each other and more or less overlapped at each end. The way 
in which the cells are joinec1 with each other 'was also apparently similar 
to 'the species of Ured1:nops1's studied already. 

(b) Shape of pm'idial cells. In their descriptions of the peridial .. 
cells of the aecidia in the species of Milesina, FAULL (1932), HUNTER 

(1936c) and HIRATSUKA, f. (1936c) used the term "polygonal" or "irre­
gularly polygonal." According to the present observations on the six 
species of lYl1'lesina, generally speaking, the cells were polygonal bnt also 
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their ends were somewhat roundish. Iil the species of lJIlilesi!La, just as 
in the case of Uredinopsis, though clear distinctions of the species can 
not be made by the shape of the pei>idial cells only, yet there may be 
admitted two types in the shape of cells. The one is those that have 
rather oblong shape in face view. The other is that group in which the 
cells are somewhat polygonal. To the former type, the peridial cells of 
M. Miyabei, M. exigna and M. jezoensis belong, while those of M. stlblevis, 
M. It6ana and M. Dryopteridis belong to the latter type. 

(c) Size of peridial cells in face view. Size of the peridial cells 
of the aecidia in some species of M ilesina in face view has been' stated 
in the specific descriptions by ARTHUR (1925) , FAULL (1932), KAMEl 
(1930, 1932b, 1935b), HUNTER (1936c) and HIRATSUKA, f. (1936c) re­
spectively. In this study, fifty peridial cells for each species were 
measured as shown in Table 72. As far as these results are concerned, 
it must be admitted that the smallest size is indicated in M. Dryoptericlis 
and the largest one in the case of M. jezoensis. 

TABLE 72. Size of peri dial cells of ·the aecidia in six species of Milesina 

I 
Range (IL) Avemge (IL) 

Species Hosts 

I Length Width J~ellgth Width 

M. Dr-yopteridis A.M. IV,. 18 -24 14 -20 21.32 I 15.72 

M. exigua " XIII. 22.5-48.3 11.3-25.7 33.13 I 18.22 

M.lt6ana " I,. 20.7-33.6 12.6-23.6 26.25 18 .• )2 

M. jezoensis " XVI3 25.2-61 12.5-33.5 37.63 21.58 

M. Mi-yabei " XV. 20 -41 '11 -26 32.00 17.66 

M. sublevis " Xlll 13 -36 11 -29 27.58 18.18 

(d) Thickness of inner cell walls of pe1"idial cells. rfhe thickness 
of peridial cells of the aecidia in some Milesina has been given in the 
specific descriptions by FAULL (1932), KAMEl (1932b, 1935b), and HIRA­
TSUKA, f. (1936c). Slight differences in the thickness of the inner cell­
walls of peridial cells of the aecidia in the species of Milesina materials 
were observed as shown in Table 73. Especially thicker inner walls in 
the case of M. Itoana were observed, while especially thinner ones 111 

the ~ases of M. jezoensis and M. Miyabei. 
(e) M at"kings of inner walls of peridial cells. The maTkiligs of 

the in11er surface of peridial cells of the aecidia in six species of Milesina 
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TABLE 73. Thickness of inner walls of the peridial cells of tho aecidia 
in six species of M ilesina 

Species Hosts 

M. Dl'yoptel'idis A.M. IV,. 

M. exigua A·f· I. 

M. It6ana A.M. 1,5 

M. jezoensis " XVI,. 

M. Miyabei " XV. 

M. sublevis " XIll 

* The number of peridial cells measured was vnriallle. 

Range (fL) * 

2-5 

'2-4 

4-7 
2-3 

2-3 

2-5 

presented some characteristic features just like III the species of 
Uredinopsis. FAULL (1932), KAlIIEl (1930b, 1932b, 1935b), HUN·TER 

(1936c) and HIRATSUKA, f. (1936c) have given characteristics in their 
descriptions. In the present cases, 111. Itoana and M. jezoensis had 
tubercles confluent to make longitudinal ridges enabling them to be 
designated by the term "rugose". Sculptures were more distinct in 
M. Itoana. In M. Dryopteridis, lII. exigua, lVI. Miyabei and M. sublevis 

• the tubercles were rather so arranged as to be characterizable by the 
term "verrucose". Among them, more stout markings were seen in M. 
sublevis as shown in PI. VI, fig. o. Rather finely but regularly arranged 
and more or less roundish tubercles were seen in the case of M. Miyabm: 
(PI. VI, fig. n). Comparing the markings in the cases of lVI. Dryopteri­

(tis and M. exigua, those of the former are finer than those of the latter. 
(PI. VI, fig. j). In comparison with the markings in the cases of 
UredinoZJsis species, though slightly different specifically, generic distinc­
tions can not be observed. Summary statements of the markings of 
peridial cells of the aecidia for each species are as follows:-

M. Dryopten'd'is: rather finely verrucose and somewhat striated. 
M. exigua: rather coarsely verrucose and somewhat striated. 
M. Itoana: adorned with longer and coarser tubercles which in 

their basal portions are confluent in longitudinal ridges. 
M. jezoensis: minutely aud obscurely verrucose and somewhat 

striated. 
lVI. M1'yabei: finely verrucose. 
M. s1lblevis: stoutly and coarsely verrucose. 

6. Aecid'iospores. (a) V((1'iation j,n size of aecidiospores, The 

'. 
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variation in the spore size gained from cultures is only mentioned here. 
For each of the six species of Milesina, 100 spores were measured. The 
spore size variation and differences in means of the aecidiospores are 
shown respectively in Tables 74 and 75. In comparison with the cases 
of Ul'edinoZJsis species, at least s6 far as the present materials are con­
cerned, the size of the aecidiospores of Milesina attained a higher limit 
both in length and in width. Among the six species of Milesina, it was 
indicated that those species having larger length also' had greater width. 
Among them all, M. sub levis had the largest diameters in both directions. 
Following this species, the order of longer spores was M. jezoensis, M. 
/toana, M. Miyabei, M. exigua and M. Dryoptericl'is. HUNTER (1936a)­
mentioned the size of aecidiospores of M. ScoloZJenclrii, M. Dieteliana, 
M. vogesiaea and M. Krieger·iana. Those species attained in every case 
to larger limits in both diameters than in any of the present species 
investigated. 

According to Table 75, the differences in means of the aecidiospores 
of the six species in Milesina were all of sufficient significance to be 
admitted as specific differences. Among them the amount (difference 
in means divic1ed by probable error of the difference) attained to the 
largest extreme in the case of the length difference existing between 
It!. exigtta anc1 M. jezoensis. Contrariwise, the smallest extreme was 
seen in the case of the length difference between M. exigna and ~(. 

Miyabei. 
(b) Shape of aecidiosZJores. The shape of an aecidiospore of 

1I1ilesina Blechni was illustrated by KLEBAHN (191~). In some species 
of Milesina this aspect has also heretofore been described in taxonomic 
treatises but 110 comparative study has been reported. As shown in 
Table 76, the shape of the aecidiosIlores of the six species of 1I1ilesina 
derived from culture experiments was always more or less ellipsoidal, 
that is, the length exceeded by 16-27 percent of the width of each spore. 
In comparison with the species of Uredinopsis there were no marked 
differences in the shape of the spores- because the ratio of length and 
width of the species of Ureclinopsis was approximately similar to those 
of M ilesina. 

(c) Thickness of walls of aecidiospores. The thickness of the walls 
of aecidiospores of some species of M ilesina has· also been mentioned in 
taxonomic descriptions. In the six species of the present materials, the 
thinner walls in the cases of M. Dryopteridis, M. exig1la and M. jezoensis 
were seen to be as shown in Table 77. 



Speeics 

M. Dryoptcridis 

lV. e.'Cigua 

11[. Itoana 

11[. jezoensis 

M. Miyabei 

M. sub levis 

M. Dryopteridis 

M. exigua 

M. Itoana 

M. jezoensis 

M. Miyabei 

M. sub levis 

'r.\IlLIC 74. Variation and constants of size of accidiospol'cs in six species of Milc~ill(t 
obtained from cultures on Abies Mayriana 

Spore classes (p,) 

Length 

Hosts 13 14 1516 17 18 19 20 21 22 23 24 2526 27 28 29 3031 32 33 34 35 36 37 :38 :Mean (p,) 

A.M.IVH 3 825242210 3 3 1 1 19.24±0.11 

" III. 1 4 8202520 14 5 1 1 1 22.31±0.12 . 
" I,. 3 2 4 92825 910 6 2 2 25.84±0.13 

" XVI,s 1 5 213 9 9191010 4 7 3 5 1 2 30.32±0.21 

" XV. 7162023171:l 5 2:l.83±0.11 

" XIl1 1 134 6 5121720 9 5 8/4 5 31.49±0.19 

Width 

A.M. IV" 4143234 9 4 2 1 16.57±0.09 

" Ill. 1 5 5 8 9192114 8 0 1 18.49±0.14 

" 115 1 7 164123 8 2 1 1 20.20±0.08 
" XVI1._ 5 811141215 7 6 8 7 4 3 25.79±0.IS 

" XV. 1 11162638 7 1 19.15±0.08 

" XI~l 2 5 51214 813 15 712 4 3 26.67±0.18 
--

Constants 

St. dev. 

1.66±0.07 

1.S7±0.07 

1.97±0.OD 

3.14±0.14 

1.59±0.07 

2.87±0.13 

1.35±0.06 

2.20±0.10 

1.30±0.06 

2.81±0.13 

1.23±0.06 

2.69±0.12 

C.o. val'. 

8.66±0.41 

8.42±0.40 

7.62±0.36 

10.35±0.49 

6.DS±0.33 

9.11±0.43 

8.13±0.38 

12.48±0.59 

6.45±0.30 

10.89±0.:l2 

6.45±0.31 

10.08±0.48 
---

~ 
~ 
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TABLE 75. Sumnull'Y of differences in means of measurements of aecidiospores 
of six species of MilesinCl 

Difference in means 
Difference in meaus div. 

by probable errol' of 
Species 

c,.,.) the difference 

Length Width Length Width 

M. Dryopteriitis &- M. e.1Jigua 3.07±O.16 1.9~±0.16 ]9.18 12.00 

" &- M. Itoana 6.60±0.17 3.53±0.12 38.82 29.41 

" &- M. jezoensis 11.08±0.2:! 9.22±0.20 48.17 46.10 

" & M. Miyabei 3.59±0.15 2.58±0.12 23.93 21.50 

" &- M. sublevis 12.25±0.22 10.10±0.20 55.68 50.50 

M. exigua &- M. Itoana 3.53±0.17 1.79±0.16 20.76 11.12 

" &- M. jezoensis .8.01±0.24 7.30±0.23 33.37 3].73 

" &- M. Miyabei 0.52±0.16 0.66±0.16 3.25 4.12 

" 
& M. sublevis 9.18±0.22 8.1S±0.23 41.72 35.56 

M. Itoana & M. jezoensis 4.48±0.24 5.;'i9±0.20 18.66 27.95 

" 
& M. Miyabei 3.01±0.17 1.05±0.1l 17.70 9.54 

" 
& M. sub levis 5.65±0.23 6.47±0.19 24.56 34.05 

M. jezoensis &- M. Miyabei 7.49±0.23 6.64"±0.20 32.55 33.20 

" &- M. sub levis 1.17±D.28 O.88±0.25 4.17 3.52 

M. Miyabei &M. sublet'is 8.66±O.22 7.52±O.20 39.36 37.60 

TABLE 76. Ratio of length und width of aecidiospores of Milesina materials 

Species M. Dryopteridis M.e.1Jig!la 111. 1t6ana Jr. jeZ'oellsis M. Miyabei M. sublevis 

Ratio 1.16 1.20 1.27 1.17 1.19 1.18 

TABLE 77. Thickness of walls of aecidiospores of 3Iilesina materials 

Species M. Dryopteridis M. exigua M.ltoana JL jeZ'oellsis M. Miyabei M. sub levis 

Walltbick- up to 1 up to 1 2 1 2 2.5 ness (.u) * 

* The number of aecidiospores measured was yariable. 

(d) Wall markings of aecicZiospores of M ilesinc( materials. Minute 
differences in markings of aecidiospores, though present, could not be 
considered as a mark of specific differentiation in _ the species of Jiiles-ina _ 
materials. 
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G. 

Key to six species of Milesina from Hokkaid8 for the 
phases on fir hosts 

1 { Spermogonia. su bepidermal, compa~'atively large, deeply immersed ............ 2 
Spermogonia subcuticular, rather small, not so deeply immersed .............. 3 

{ 

Peridium of aecidia stout,. tubercles on inner walls of the peridial cells ra,ther 
2 coarse and somewaht stl'lated ................................... M. Itoana 

Peridium of aecidia delicate, tubercles on inner walls of peridial cells rather 
fine and verrucose ..................... , ..................... . M. Miyabei 

{ Aecidiospores comparatively large sized .................................... 4 
3 Aecidiospores comparatively small sized .................................... 5 

{ 

Peridial cells of aecidia rather large and finely verrucose on inner surface ..... . 

4 Pe'r~d~;l' ~~l~~ 'o'f' ~~~i'di~' ~~~~~r' ~:n';li 'a'l~d 'c~~~'~~l~: ~~~'~'l;~~s'e' ~~l' ~l;l;~l: ~~r~:::~j~~i~ 
.............................. " ............................ . M. sublevis 

5 { Per~d~al cells of aec~d~a comparat.ively small ~ized ............ M. Dryopt'e~iilis 
PendIal cells of aeCldm comparatIvely large sIzed ................. . M. eXlgua 

IV. SPECIES OF HY ALOPSORA 

THE LIFE HTSTORY STUDIES 

Review of literature 

So far as published reports show, among fourteen species of 
Hyalopsora now recognized, only two species have had their life cycle 
fully established. They are H yalopsora Aspidiotus MAGNUS and H. 
aculeata KAMEL Regarding H. Aspidiot1ls, culture experiIllents have 
been done by KLEBAHN, BUBAK, MAYOR, WEIR and HUBERT, BELL and 
FAULL & DARKER up to this day. In May 1903, KLEBAHN (1905) 
using basidiospores of this rust produced on Dryopteris Linnaeana 
C. CHR. executed inoculations on young shoots of Abies alba MILL., Picea 
Abies KARST., Larix decidua MILL. and Pinus sylvestris L., all without 
success. BUBAK (1906) having failed in almost similar experiments in 
1904, thought that the aecidia might probably be produced on the cones 
of some conifers. In May 1914, KLEBAHN(1916) tried repeated cultures 
similar to those made in 1903. In spite of the abundant supply of 
basidiospores on needles of Abies he was able to obtain nothing ili the 
same season except yellow flecks that appeared on inoculated leaves. In 
the next spring, he was able to detect spermatia and spermogonia 
produced on affected needles of the previous season. However, failing 
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to see the expected aecidia for which he should have waited another 
year, he concluded that this rust would not carry out its heteroecious 
cycle and the overwintering might be accomplished by means of amphi­
spores. BARTHOLOMEW (1916) suggested th~t the occurrence of heteroe­
cism in the species of Hyalopsora would just be as in Uredinopsi, of 
which genus the heteroecism had already been proved at that time in 
North America. WEIR and HUBERT (1918) reported also that they had 
made unsuccessful inoculations with basidiospores on the species of Abies, 
Tsuga and Pteridium. MAYOR (1923, 1925) meanwhile continued his 
observations perseveringly and succeeded in the proof of the complete 
life cycle at Boudry in Switzerland. In June 1919, he saw seedlings of 
Abies alba in the field bearing spermogonia on two-year old needles and 
aecidia on three-year old ones. 'l'hey were growing among Dryopteris 
Linnaeana rusted by the species under consideration. In 1920, collecting 
the teleutospores on the rusted host fern from the same place, the 
basidiospore inoculation on. Abies alba were performed. However, he 
was not successful in obtaining the aecidium just as in the case of 
KLEBAHN'S trial. In 1922, on the other hand, with the aecidiospores 
collected from the field, inoculations were successfully made on 
Dryopteris Linnaeana, on which also the teleutospores were detected in 
the next spring. In 1923, he again made basidiospore inoculations on 
Abies alba and succeeded in obtaining spermpgonia on April 30th 1924 
on two-year old needles and aecidia on April 11th 1925 on three­
year old ones. Thus the assumption that the fungus requires a period 
of foUl' ~ears for the completion of the life cycle was confirmed. Not 
being aware of these experiments of IVlayor in Europe, BELL (1924) 
collected the aecidial phase on Abies balsamea at Lake Timagami, 
Ontario and considered it as a new species, naming it Peridermium 
pycnoconspicuum BELL. On June 24th 1922, inoculations with the 
aecidiospores were carried out. on Dryopteris Linnaeana and typical 
uredo-pustules were obtained after 18 days. He thought that his experi­
ment was "the first evidence obtained by means of inoculation that 
Hyalopsora is a heteroecious rust, and that its aecial stage actually exists 
on a conifer." In 1923, FAULL & DARKER (1924) reported that they 
had made similar experiments to BELL'S and recorded the incubation 
period as 22 days, from June 20th to July 12th. 

Contrasting with the complex and long-lived course of' the life cycle 
of Hyalopsora Aspidiotus, the writer has had the privilege to report 
(KAMEl, 1932a) another type of the life cycle found in the case of H. 
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uwleata. From observations in cultures and in the field, it was made 
clear that although the morphology of the spermogonia and aecidia of 
our fungus is not very different from those of H. Aspidiotus, the ap­
pearance of both organs in our case occurs in the current year needles 
of Abies Mayriana. It is just the same as in some species of Miles1:na. 
Detailed explanation of the data obtained concerning the life cycle of 
H. aC1tleata is given in the following paragraphs. 

MAGNUS (1895) in H. Aspidiotus suggested the occurrence of new 
infection by means of amphispores after overwintering resulting in an 
autoecious life cycle. DIETEL (1911) in H. Polypodii found by experi­
ments that the fungus winters over on the ferns by means of uredospores. 
WEIR and HUBERT concluded that H. Aspidiotits and H .. Polypodii in 
North 'America winter over by means of teleutospores. PADY (1935), 
however, said that hibernation is made by mycelia in the case of H. 
Aspidiotils. 

16. Hyalopsora aculeata KAMEl 

Historical review of the fungus. This species was described by the 
writer (1932a), and a partial report OIl the results of his taxonomical 
and biological observations has already been published. HIRATSUKA, f. 
(1932b, 1932c, 1935c, 1935f, 1936c), and HIRATSUKA, f. & UEMURA 
(1932a) also described this rust. The species has been collected from 
South Saghalien, Hokkaid6, Honshu, Shikoku, and Kiushu according 
to HIRATSUKA, f. (1936c). The same author formerly (1932a) included 
a rust on Spicantopsis amabilis NAKAI also in this species, but recently 
(1936c) separated it giving the name Milesina ][ameiana HIRATSUKA, f . 

. ITo & HOMMA (1938) and ITO (1938) also described this rust more 
l'eeently. 

Personal observations. Rusted fern. Spicantops1:S nipponica NAKAI 
val'. japon·ica NAKAI, the host fern is widely distributed throughout the 
island of Hokkaid6. In the vicinity of Sapporo, the fern commonly 
grows in the forests and the rusted materials are easily obtained from 
such a forest as Nopporo, where the primeval vegetation is still pre­
served. In the early summer when the needles of Abies are about to 
unfold, the uredosori were Seel} to be issued particularly on the upper 
surface of the overwintered fronds. These pustules were easily noticed 
because ef the golden colored powdery masses of the uredospores pushing 
out from them. The sori were comparatively larger. Very stout 
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pseudoperidia were formed (cf. PI. VII, fig. 16 c and d). Germpores 
are indistinct but can be seen when heated in lactic acid. 'l'he writer 
has seen 2-3 pores in the same equatorial plane. Around the uredo­
spores there are seen bladdery, thill-walled paraphyses-like cells. The 
number of uredosori increases on overwintered fronds ill the spring, 
when teleutospores are going to mature. Affected fronds and pinnae 
were often seen to be hypertophied or distorted. This is different from 
the case of H. Polypodii, the host fern of which rust was said by DIETEL 

(1911) to be not deformed. The portions, where teleutospores are 
formed, were more or less discolored, when the spores are matured. The 
spores were mostly observable in epidermal cells of undersurface. From 
the beginning to the middle part of June when teleutospores had begun 
to germinate, undersurface of fronds was entirely covered by masses of 
basidiospores except for two longitudinal sterile areas. Germination of 
teleutospores and mode of production of basidia were apparently the 
same as in the case of the species of Milesina. 

Pet'idermi1tm [1'om culhlres. Inoculation expen"ments with basidio­
spmoes. As shown in Table 78, inoculation experiments with basidio­
spores were made on needles of Abies Mayn'au(l seedlings throughout 
three seasons. - Out of seven seedlings six have showed spermogonia on 
leaves of the current year after 22-37 days, while the time of appearance 
of yellow spots was observed in two cases to be 15-17 days from the ino­
culation. The spermogollia thus obtained from cultures were distinctly 
larger in size and fewer in number in comparison with the cases of the 
usual species of Uredin01Jsis and 1111·les1:na. Acconling to the observa­
tions made on 21 affected needles of A. Mayriana XIIIG, the number 
of spermogonia was 6-15 per needle and in average 8.8. This number 
quite agrees with the case of M. It8ana, as already shown in- Table 65. 
They were hypophyllous, mostly on stomatiferous surfaces, slightly raised 
above the surface of needles, and almost elliptic in face view (PI. II, 
fig. n). In section, they were subepidermal and flattened conoidal to 
lens-form as shown in PI. V, fig. f. The aecidial sorus did not develop 
well in any of the pots experimented. In one affected leaf of A. 
11layriana XXII6 , however, an imperfectly grown sorns was observed 
just beside a mature spermogonium. It had already differentiated into 
aecidia which contained a considerable number of immature aecidiospores 
that had characteristic orange yellow contents. Other than this the 
writer was not able to find' any trace of aecidial sorus in spite of careful 
inspection of all inoculated seedlings. 
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Peridermi1lm from the field. While failing to obtain mature aecidial 
<:ups originated from inoculations with basidiospores, search for the 
aecidial phase in the field ,yaS continued in the meantime. In the first 
part of ~ovember 1936, the writer found at Nopporo Forest some 
number of current :real' needles of a small seedlings of MAYR'S fir bear­
ing orange colored aecidia. Comparatively large and conspicuous sper­
lllogonia were characteristic. The diseased seedlings were quite close 
to fronds of Spieantopsis nipponica val'. japonica affected by this rust 
in question. A week after, by eager search for similar materials at the 
place where the affected fern used for inoculations with basidiospores 
had previously been collected, the writer obtained 20 small diseased 
seedlings (Fig. 7 d, p. 163). On these, one to sixteen affected leaves 
pel' seedling, and one to twelve aecidial sori and two to fifteen sper­
mogonia per needle ,,,ere counted. One seedling was observed to have 
different leaves on one and the same branch bearing aecidial phases of 
this rust as "'ell as those of M ilesina Itoana. Owing to the coldness 
of the later part of the-season, affected needles were rather injured, yet 
they bore a few fresh sori which could be used for inoculation experi­
ments with aecidiospores. By placing these rusted needles in moist 
chamber the pure mass of aecidiospores was obtained. Inoculations were 
made with them from 11th to 20th of November on the undersurface of 
Spicantopsis fronds. Among three sets of treated fronds, two of the 
cut ones showed slight discolorations at the inoculated portions after 
seven weeks, and on J ali .. n th 1937 after 52-63 days the expected typical 
ul'edosori appeared on the marginal portion of the upper face of the 
fronds' (cf. PI. III, fig. p). In the potted fern although inocula­
tions were performed, the frond was seen to be shrunken after a short _ 
period producing no uredospores. This must be due to the dessication 
of the treated plant. From these successful inoculation experiments by 
means of aecidiospores, it may be admitted that the Peridermium from 
Xopporo is the aecidial phase of this rust in question. If so, it is now 
possible to assert definitely that in this rust the aecidial sQri develop 
perfectly in the year of inoculation with basidiospores just as in the 
case of the typical species of M ilesina. The mycelia would probably 
hibernate in the fern to form teleutospores on overwintered fronds. 
Teleutospores produce basidiospores which will infect needles of Abies 

in the early summer. This life cycle is also like that of the usual species 
of Milesina and not as stated by DIETEL (1911) and MAGNUS (1895)' 
respectively in Hyalopsora AspicliotllS and H. Polypodii. It is very in-
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teresting to note that the life cycle of this rust in question, in which 
the morphology of the uredospores and teleutospores is somewhat similar 
to some species of Milesina, also is like that of some typical species of 
11Iilesina such as 11'1. Kriegeriana, and not like the typical species of 
IIyaloZJsora represented by such as II. Aspidiotus. 

TABLE 78. Inocnlations with basidiospores of H. aculeata 

App. of I App. of 

Exp. no. Inocula Fir inoc. Date of sperm. aecid. 
Remarks inoc. 

No. of days 

I. 104 Basidiospores on A.M. XIII. Je. 13,1926 24 - Laboratory 
Spic. nipp. v. 
jap., Nopporo, 

Je. 12, 1926 

" 105 " " XIV. " 24 - " 
" 139 " Je. 23, 1927 " VII7 Je. 19, 1927 22 - " 
" 140 " " VIII. " 37 - " 
" 141 " " IX. " 23 - " 
" 229 " Je. 24, 1931 " XXVIll Je. 29,1931 28 - " 

The description of the present species is as follows:-

Hyalopsora aculeata KAMEl in Trans. Sapporo Nat. Hist. Soc. XII, 
p. 128, figs. 1-3, 1932; HIRATSUKA, f. & UEMURA in Trans. Tottori Soc. 
Agricul. Sci. IV, p. 22-25, 1932, p.p.; ITO & HOMMA in Trans. Sapporo 
Nat. Hist. Soc. XV, p. 115-116, 1938. 

Spermogonia on needles of current season, hypophyllouB, scattered 
on slightly yellowish discolored and somewhat hypertrophied areas, 
usually in two rows, one on each side of the midrib, 2-15 per leaf, 
alternating irregularly with aecidia, covered by yellowish brown dis­
colored epidermis, oblong or elongated elliptical in face view, in section 
subepidermal, subconoidal to lenticular, rather deeply seated, large, 300-
600,u long, 100-300,u high, 160-440,u broad; openings more or less slit­
like, located centrally, more or less elongated, parallel to the longer axis 
of the spermogonia, 248.3 X 54.6,u in average; spermatiophores obclavate, 
30-50,u long, 3-5,u broad, hyaline; spermatia oblongo-elliptic, 7.0-9.5 
X 2.5-3.2,u, smooth, hyaline, ends rounded but sometimes truncated 
(PI. II, fig. ll; V, fig. f; VII, fig. 17m). 

Aecidia on needles of current season, hypophyllous, scattered on 
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more or less yellowish c1isc~lored and some"'hat hypertrophied areas, 
in two rows one on each side of the midrib, more or less cylindrical, 
1-12 pel' leaf, 0.3-0.48 mIll. in diameter, deeply seated; peridia delicate, 
colorless, rupturing at the apex; peridial cells isodiametric to irregularly 
polygonal, slightly overlapping, easily separable, 30-54 X 22-38 p, outer 
walls ca. 2,t! thick, smooth, iUller walls 6-9 f! thick, closely marked with 
medium lOllg tubercles; aecidiospores orange yellow, globoid to broadly 
ellipsoidal, 33-58 X 30-·47 p, closely but finely verrucose except a part 
where almost smooth; walls colorless, 2-3,u thick including tubercles. 

Uredosori mostly epiphyllous, more abundant near margin of the 
frond, scattered or aggregated, on slightly discolored parts, roundish, 
small, 0.3-0.7 mm. across, bullate, sometimes confluent,' rather brownish, 
dehiscellt by apical rupture, pulverulent; peridia colorless, firmly com­
billated, subepidermal, hemispherical; each cell isodiametric to irregular­
ly polygonal, upper cell rather higher, thick-walled, the lo,,,er flattened, 
thin-walled, 18.5-26.0 X 7.4-14.8,u; walls 2-6,1l thick, colorless; uredo­
spores golden yellow, mostly ovoidal or broadly ellipsoidal, subglobose 
to angular, 40.7-62.9 X 31.5-34.0,u; walls thin, 1-2,H, colorless, scattered 
regularly with stout spines; germ-pores inconspicuous, scattered; a few 
paraphyses-like cells intermixed with spores (PI. III, fig. p; VII, fig. 
16, b, c and d). 

Teleutosori on ovenyintered fronds, mostly }lypophyllous, on more 
or less discolored areas, restricted to the parts other than stomatal sur­
face; teleutospores within the epidermal cells, more or less i'oundish in 
outline, almost colorless, mostly 1 to 5 celled, with vertical septa, 29.6-
51.8/1 long, 12.9-18.5,it broad, 16.5-29.6 p high; walls thin,' ca. 1 p, 
smooth, colorless; basidia more or less clavate, about 30,1l long, about 
10 p thick; basidiospores globose, 8-11 ,u across, colorless, smooth (PI. VII, 
fig. 16 a and e). 

Hosts and distribution: 
o and 1. AMes ]Jlayriana lV[IYABE et KUDO-in Japan (Hok-

kaido) . 
II and III. Spicantopsis nipponica NAKAI val'. japonica NAKAI 

-in Japan (Hokkaido, Honshu, Shikoku and Kiushu). 

V. EOONOMIC OONSIDERATIONS 

There are only a few reports bearing upon the economic considera­
tions of the diseases cansed by rnsts on ferns and firs:- In such a place 
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as Hokkaido, where fir trees constitute one of the main natural resources, 
the problem of the injury done to them is of economic importance. 
FRASER (1912) in his report on the "Cultures of Heteroecious Rusts" 
mentioned PericZenni1tnt balsamet('m, which is now considered to be a 
group of aecidial phases of some UrecZinopsis andllIilesina, and said that 
"this Peridermium was found abundantly on Abies balsantea (L.) MILL. 
in all regions of Nova Scotia." BELL (1924) laid stress on "a deter­
mination of the amount and the effect of the injury caused to their 
hosts by the various species of Uredinopsis" (probably including some 
species of Milesina also) as a problem worthy of special attention. 
BOYCE (1938, p. 186) who included many species of fern rusts in "Needle 
Rusts of Balsam Firs" said that "they cause some d~mage to seedlings 
and small saplings occasionally killing plants but usually retarding their 
growth." KAMEl (1934) in his report on U. hirosakiensis remarked on 
the possibility of distinguishing white-spored Pet'idermittm, the method 
of identification and the measurement of amount of the damage done 
to fir seedlings by it. FAULL (1924, 1930, 1934, 1938c) also touched 
on the problem under consideration. In his publication in 1934 he dwelt 
on the topic of the injurious effect of some Milo.sina on fir trees, saying 
that "economically certain Milesiall rusts are of some importance with 
respect to the unfavorable effect they exercize on the natural reproduc­
tion of Abies. ~Milesia polypocZophila and M. f1'lIctuosa are noteworthy 
examples. The former causes unsightly and worthless plants of A. 
balsamea and the latter may kill or hold in check seedlings and saplings 
where the balsam fir is associated with rusted ferns. It is apparent from 
culture experiments that M. fruct1wsa is potentially a menace to young. 
A. magnifica. 'Vhenever intensive studies are being conducted in 
regions in which Abl:es constitutes a part of the forest stand, for the 
purpose of quantitatively forecasting forest successions, fern rusts as 
influencing factors should not be disregarded." 

In Hokkaido, as was said by KUDO (1925, p. 217) "two firs (Abies 
sachalinens1's and Abies Mayriana) are both plentiful, the first-named 
being common in northern and north-eastern parts, either forming pure 
forests or associated with Picea jezoensis and Picea Glehni, while the 
second is common in the south either alone or associated with Picea 
jezoensis and broad-leaf trees." Under these forest trees, many species 
of ferns are growing in the undergrowth either solely or intermingling 
with other shrubs and herbs. As parasites on fronds or stipes of these 
ferns, there are now recorded 23 rust species distributed in three genera, 
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which affect some 30 species of ferns among a total of some 70 in Hok­
kaido. Among these rusts, some are cosll10politic, some are indigenous, 
some are very prevalent and some are found to a rather limited degree. 
In as much as a species of Abies is capable of being affected by many 
species of those fern rusts as well as other rusts, a collection of aceidial 
phase must be carefully identified for the determination of the proper 
species. For this purpose, cultures ,as well as comparative studies 
have been made as already stated. 'rhus the morpJ.1ological, biological, 
as well as symptomatical characters of each .of the rust materials have 
been accurately described so that they may be safely available for the 
identification of field materials. After such a careful determination of 
the species, the damage effected on the part of the fir host was examined. 
These features for six representative rusts are treated in the following 
sections. 

1. Uredinopsis hirosakiensis KAMEl et HIRATSUKA, f. From the end 
of June to the beginning of July, characteristic aecidial phase of this 
rust of the species were frequently collected from the field in the 
Provinces Ishikari and Iburi. An adequate ex~mple of the injury in. 
this connection was ob&erved in a case' found in the forest nursery of 
the Tomakomai University Experimental Forest. The injury was re­
stricted to new leaves made conspicuous by maculae of pale discolora­
tion or of a reddish tint and deformed to a certain extent. Careful 
observations of each affected needle showed that this discoloration 
occupied a half or more of the entire length, but was sometimes restricted 
to a small portion in the middle of each leaf. The discolored area was 
light-yellow and more or less sharply delimited from the healthy deep­
green portions. The boundary between affected and healthy areas was 
at times very abrupt or at Jimes rather transitional. Often on such a 
discolored' portion a more or less rosy to dark-reddish coloration ap­
peared, which was extended to entire faded areas or often ,,-as limited 
to a narrow region at the leaf margin. Such a coloration was more 
conspicuous on the upper surface. The deformation of leaves was some­
times slightly hypertrophic or sometimes showed a conspicuous shrinkage, 
which was especially distinct where aecidia were found close together. 
Sometimes the shrinkage was seen to occur very suddenly from the 
middle portion or sometimes on the basal portion of the affected leaf. 
Affected leaves were mostly curved flexuously and seemed to be slightly 
more elongated than healthy ones. Diseased needles were seen not 
only amongst those of well grown seedlings but also appeared in poorly 



CULTURAl, l';XPERIMENTS iH' THE r,'ERN RUSTS (W ABIES 11\ .JAPAN 157 

h 

E'ig-. 6. Affected fir seedlings. 
(a) ,w(l (h) 1'hree·year old see{!Iing- of Abies Mayril!l1a affede<l with 

UTcili110psis hirosl!/,;icnsis, eolleded on .July G, Hl:W at Tomakolllai lTniv('rsity 
Expel'imclltal .B'orest. (a) x 2/il. (h) x 1.7. 

(e.) A hranehlet of an nllont tell-year 01,1 seedling' of A. sachalinel1,sis 

affeclc'l with U. Komrionfl. collede<l on .July 20, lPiW nt 'r('shio National 
Forest. Nlig-htly pnlnrg-ecl. 

developed ones. Sneh all llffeeted seedling' is shown in r"ig. G a and h. 
When the present vYI'iter first saw the l'cr'1-dr:nnin)}1 Oll llee(lles of Abir:s 

lVIayriana seedling's at the llursery bea (Plot :No. at Tomakomai. 
he attempted to connt the numher of affected seedlillg's tal<:ing three 
different sta]](lar(l areas (1 sqnare meter) and obtained from each area 
58.7, 5G.4 aJl(l 41.1 pej'(~ellt respectively as the number of diseasec1 
seedlings. Mr. Shigeji lTo, from "whom the writer requestell a further 
survey of the injury over the entire area including Hille plots of nursery 
beds, reported in detail the featnres and extent of tlw damage 011 
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seedlings of A . .llaYl'ial/(( cl(;eOIIl rallied witlt se\'PI'C11 paekages of diseasecl 

specimens. A considerable number of affected needles selected from 

each specimen were jl)speeted and found to be the SHme as those from 

Plot No.4 above mentioned. 'I'he number of disease(l yOllllg seedlings 

2 to 10-years old attained a total of 20368, van-jng' 6 to iiI percent 

according to the plot. Moreover, the writer fonn(l the same j'Cl'iilcrmillrJI 

also on needles of lllllllbers of largel' seedlillgs gl"mnl in plantation plots 

in the 21st division in HO]"(JIlai \Vorkillg SE'etiOlI of this rniversit.'­

B~ol"est. To estilllate the aHlOllllt of diseased leayes pel' seellling, a careful 

inspection was lIIade of E'adl of :")0 See(llillgs taken from Plot. Xo. 4. 

It was ascei"taillec1 that 1 to 11 neeclles were attacked pel' seedling'. As 

the total needles of a lle\" bnlllch nmnbere(l 2 to 2:19, the percentag'e 

of attacke(lleaves relllains onl.'- 19 percellt at most. as shown in 'rable 79. 

(Tpon the inspection of l'rridel'lIIilllll speeimells in the \\Titer's llerbarinlll. 

a clisease(l speeilllen of seedling's ,\'as discovere(l that had been collectecl 

hom thE' Illll'sel'.'- bed ill the Clliversity ground at Sappol'o (lated .Tune 

>1O, 1920. 'rhe leaves were also llllllslllllly elollgated all(l c1istOl·ted. 'rhe 

1Il111lber of diseased llE'E'dles \ras (;01111tE'd a~ :~OO amI thE' sE'e(lling' re('o}"(le(1 

to be five ."E'al·S ol(t. 

2. lh-eilil/o})sis ()sS((('i/oI"Juis KA~IEr. In the later part of .lul." 1936. 

ill a restricted area ill the ~opporo Forest the ,yritE'I"s attentioll was 

attl"ade(l to a peculiar ,,,hite Prrir/c]"H/.illlll affecting" SOlllE' Ilt\lllbel' of 

l:)-~'ear old seedlings to a ('()lIsi(lerable (legree. From thE' lllorphological 

~hal'acters of the spE'l"lnogonla amI aeciclia, the rust was assmned to be 

U. ossa C i/o 1" III is, alld SIl(;(;essfnl ("heek illocnlati()]}s lIIatle immec1iatel.'- with 

the aeeic1iospores (cf. 'I'able 2,1, TV, 52) affirmed thE' presumption. Slight 

distortioll and (;OlISpicuOliS c1is(;olol'atioll ,,'ere obsE'nrecl Ht the affecte(l 

part of tho~e needles at thE' POJ"tiOlI "'here aE'ci(lia alld sperl1logonia ,\"erE' 

forme(l and sometimE'S a ver.,- slight ros~- (;olo)"atioll WHS also seen. By 
these symptollls of the affedPll nee(lles as \YE'11 as b.'- thE' time of issuing" 

of aecic1ia, tllis rllst can be tlisl"I"illllllatetl frOlll easE'S of }IiZcsillll lVIiYllliei 
i111tllYI. lti5({1/({ with which the spennog"ollia of the present spe(;ies \\"ere 

apparelltly simila]" ill lllOl'pllOlog".'-. TlI the inspedilm of Xoppo]"o 

materials, the writer has seE'n, as sllOwn ill 'l'able RO. that sOllie SHUll! 

number of lliseasec1 leaves affected b~- this nlst in <[nestioll, ,,'erE' 

simultaneom;l~- affeeted b.'- ~vJilcsin(f Iti5(fI/II. In al('oholie lIIaterials of 

such diseased needles, aeeidia as ,yell as SpenllOi2'ollia of thE' hHI nlsis 

were seell to be situated ill hyo alljoillillg" areas. 'J'hE' spenllog'ollia of 

M. Iti5({l1(( \\"E're almost allva.'-" in especial1~- h?IW1'tl"Ophied pal'h, alHl seell 
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'fABLE 79. Number of diseased needles in seedlings of Abies JIaYl'iana in Tomakomai 
forest nursery (Plot No.4) rusted by U. hirosa7.;iellsis 

No. of diseased needles in ratio to Total 110. of Pel'cent of 
No. of healthy ones per each branchlet diseased diseased 

seedlings 
I brl. II br!. III brl. IV brl. Vbr!' needles needles 

1 1/14 1/32 3 4 
'2 1/33 1 3 

3 1/21 0/25 1 2 
4 1/44 1 2 
5 2/66 2 :~ 

6 1/20 1/43 2 3 
7 2/21 2 10 
8 6/32 6 19 
9 2/27 2/23 5/76 9 7 

10 2/25 2/28 2/21 5/87 11 7 
n 3/44 1/51 1/26 1/17 6 4 
12 2/50 0/30 2 3 
13 4/43 3/169 7 3 
14 2/85 0/110 5/136 7 2 
15 1/88 0/77 0/30 1 1 
16 3/89 3 3 
17 3/41 3 7 
18 3/60 ]/61 4 9 

" 
19 2/51 2 4 
20 2/33 2 () 

21 4/49 4 8 
22 1/36 1 3 
23 2/28 2 7 
24 3/75 2/5Q t) 4 
25 1/67 1 1 
26 1/38 1 9 

" 27 2/44 2 5 
28 3/59 3 5 
29 1/33 1 3 
30 1/74 1 1 
31 1/51 1 2 
32 2/47 2 4 
33 1/63 1 2 
34 7/70 0/30 0/35 7 5 
35 1/37 1 3 
36 7/75 2/36 9 8 
37 1/40 1 " i) 

38 2/28 1/32 0/30 3 3 
39 2/46 , 1/39 3 4 
40 3/80 " 4 
41 2/65 3/39 5 5 
42 1/68 1 1 
43 3/43 0/73 4/102 7 3 
44 5/63 5 8 

, 45 3/70 3 4 
46 ]/61 0/37 0/62 3/58 1/66 5 2 
47 1/41 1 2 
48 2/24 1/38 3 5 
49 3/65 3 5 
50 3/38 " 8 

Range - 1-11 1-19 

Average 3.24 4.34 
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to have attained to the stage of the beginning of the exudation of 
spermatia, while aecidial sori were not yet protruded remaining in 
immature condition. In the case of U. ossaeiformis, on the contrary, 
spermogonia were then entirely effected and already turned brownish 
in color, while aecidia had already reached to matured condition 'and 
bladder cups were wholly erumpent. So the two rust species can never 
be confused by the experienced eye. Of course, just as shown in 
Table 80, among needles of one branch, those which were affected by 
M. Itoana exclusively were also mingled with needles that were re­
strictedly infected by U. ossaciformis. In one location in Nopporo Forest, 
where the specimens were collected, fronds of Dl'yopteris dilatata 
val'. oblonga rusted by U. ossaeiformis as well as of D. crassirhizoma 
infested by M. Itoana were seen. So the condition just shown above 
must be considered to occur naturally. Number of needles affected by 
U. ossacifonnis and M. Itoana are shown in Table 80. 

TABLE 80. Number of affected needles of branchlets of Abies .Moyriona affected 
by U. ossaei[ormis and M. Itoana 

No. of 
U. ossaei[ormis M. Itoana Total 

branch· No. of affect· No. of affect- Healthy Affect~d Percent of 
lets Percent Percent diseased ed needles ed needles needles needles needles 

1 20 9.0 11 4.4 192 31 14 
2 28 26.0 7 6.4 71 35 33 

3 19 8.6 8 3.6 195 27 12 

4 5 1.4 12 3.3 320 17 5 

5 10 17.6 4 4.7 71 14 16 
6 24 9.9 4 1.6 214 28 12 

7 6 1.6 36 9.9 319 42 12 

8 21 9.1 13 5.6 195 34 15 

9 12 9.1 10 3.4 268 22 8 

10 11 5.1 7 4.0 154 18 10 , 
11 49 15.9 15 4.9 241 64 21 

12 4 5.0 6 7.5 69 ]0 13 

Limits 4-49 1.4-26.0 4-36 1.6-9.9 69-320 10-64 5-33 

Average 17.41 9.85 11.08 4.94 192.41 28.50 14.33 

·3. Ul'ecZinopsis Kameiana FAULL. In July 1936, Mr. AIZAWA in 
the Hokkaido Government kindly broug'ht to the writer three small 
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branchlets of Abies sachalinensis chosen from rusted seedlings that were 
found at Working Section No. 40 of the Teshio National Forest. The 
white Peridermium, with which needles were heavily affected was proved 
to be the rust in question, by the writer's careful inspection and 
inoculation experiments as shown above (cf. Table 12 IV, 51). In the 
specimens received from AIZAWA, each affected leaf was discolored at 
the apical part and slight deformation as well as elongation was also 
observed (Fig. 6, c p. 157). Special coloration as seen in the case 
of U. hirosakiensis was not distinctly indicated. Demarcation between 
diseased and healthy portions was distinctly shown. Small sized and 

I 

aggregated spermogonia and fragile thin walled peridial cells of aecidia 
were the same as those obtained from artificial inoculations. 'rhe number , 
of affected needles of three branchlets received were counted to be 157, 
120 and 41 out of 333, 292 and 141 leaves respectively corresponding 
to 47.1, 41.09 and 29.0 percent for each branchlet and 39.1 percent in 
entire average. According to AIZAWA'S personal observations at the 
actual location at Teshio, the plantation area is situated at the summit 
of an elongated hill not far from the sea shore. The area had recently 
been burned over and thereafter gradually restored to the present vegeta­
tion. At present, it is covered principally with Sasa bushes intermingled 
with abundant bracken fern which is heavily infected with Ul'edinopsis 
][ameiana. Fir seedlings which had attained to the age of about 10 
years and 1 meter in height 'were transplanted in strips. Almost 150 
out of 3000 seedlings per hectare were attacked and about two-thirds 
of the total number of the current year needles were affected. The moist 
weather which is very common at the locality in the early summer may 
easily induce the germination of teleutospores and basidiospores' thus 
produced would easily infect needles just above. The disease was said 
to have occurred from two to three years before. As shown in the section 
on this rust under question, similar materials of the diseased Sachalin 
fir were also collected from Teshio University Experimental Forest, but 
the extent of the damage done was not fully studied. 

4. Milesina IMana KAMEL As already explained, the economic 
concern in regard to the aecidial phase of this rust is very great 
because of its eminent prevalence ill our locality. The outer feature of 
diseased needles were, characteristic by the stouter and rather flattened 
aecidial cups erumpent usually on the undersurface and rarely also 011 

the upper surface. Following the development of aecidial cups, the 
adjoining tiflsue was often seen to be flplittedlongitudinully, accompanierl 
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with brownish healing tisf;ue at the margin of the fissmes. Affected 
leaves were frequently hypertrophied and Tery brittle. The decolora­
tion of diseased needlef; was observed to occupy the whole of the 'leaf 
surface or limited to only a part of them. The aecidia usually stand up 
firmly late in the season. Microscopic characters differillg' from the 
related species have already been discussed. Thus the aecidial stage 
of this rust was very characteristic and identification is an easy matter. 
The rust was limited to leaves of young small seedlings 011 the floor 
of the forest as well as on much taller trees attaining to 20 meters 
or more, In the larger tree, the damage suffered from the parasite 
may not be great resulting' in only a certain decrease in the vigor 
owing to the diseased condition and in the earlier failing of needles. 
But in the case of seedlings which have a smaller number of needles 
the affection of a few leaves even leads to a disastrous damage or 
frequently to death when the greater part of needles are affected and 
shed. FAULL (1934) already in M. fructnosa said that it may kill or 
hold in check seedlings and saplings where the balsam fir is associated 
with rusted ferns. In order to gain additional information, how 
seriously needles of branches of the host plant are affected, was studied 
by a special survey of a diseased tree as described in the following lines. 
In the autumn of 1934, especially abundant infection was observed on 
needles of 20-year old trees of Abies MaYl'iana planted in a small restrict­
ed area (0.24 hectare) situated about half a mile from the northern 
entrance of Nopporo Forest. A particular young tree about two meters 
in height among them was chosen for the examination of the damage. 
It is shown in Fig. 7 a and b. Twenty eight branchlets were selected to 
be used for counting the number of affected needles. The obtained data 
are shown in Table 81. According to the result, the number of affected 
needles per each branchlet varies 8 to 70 and the percentag~ of diseased 
ones amounts to 10 to 83 suggesting some considerable damage upon the 
growth of the tree. Check inoculation experiments by means of aecidio­
spores were performed as shown already in the section on the nlst in 
question. Almost similar damage to fir needles by the same rust wa~ 
frequently experienced at various other parts within the boundaries 
of this forest at the same season of each year. Moreover, from such 
other localities as Lake Shikotsu, 'l'omakomai Imperial Forest, Tomako­
mai University Forest in Provo Iburi, and Oboro National Forest in 
Provo Kushiro, specimens of the rust were also collected iIi large numbers 
suggesting a wide distribution. Further, the writer gathered thi:; 
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B'ig. 7. Ai'feded firs. 

(:1) A n 'I bout twenty-yell]' oM tree of A /JirR M ll!frillJlIl ,dT'e(·j cd wit 11 

MiicsiJla ltr1al1a nt NOPP()ro~'<ll·est. l'hotogrlll'hed 011 Od. Il, .1!l:l4. x 1/2~. 

(Il) A pint of :lll ai'fceted bl'unchlct of the same tree. slighly reduced. 

(c) Small seedlings of A. sac/w/illCllRis lli'feded with M. ItoaY/a eolkded 

011 Sept. 14, ]933 at Mt. M0nk,,". x 2/:0. «1) Threl'-Y('lIr ole1 scc(llil1gs of 

A . .1laJlrial1f2 ni'foctoll with Ilya7o]l.\'()/'{J ani/raia, eo]Je('fod 011 Nor. 1,), 1!):lii 
lit J'\o]J]\oro 1"ores1. x 3/:,. 

P(,1'idermium Oll small seedling's of Aliies s(lch{fZinrJlsis at a locatiOll half 

,yay llJl Mt. lVIeakall (eL li'ig. 7, e). 'rhe above l'flllal'ks lll1lSt Ifad 01](' 

to admit that til<' 1ll.1l1l'~' h,\' this l'm:t is vel'." cOllsiderable hom the 
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eeonolllie poillt of view. 
5. MilesiJllt Miyabei KAMEl. lVIatel'ials m;ed fo}" the examination 

regarding" the damage done to needles of Abies by l11ilesi1la ]Jfiyabei were 
eollectell hom 'l'omakomai 1'niversity Experimental Forest 011 Ang. 10, 

TA1H"E 81. XUJlll)er of Jleedles of :1 b'ee of Abies J/ayrill)J([ nffedcrl 

I>y J1. It6ana nt ::\O]JP01'O Forest 

Xo. of Length of 
'" o. of discnscrl 'rotalllo. of 

Percent of 

lmlllehiets hr:lJlf'hlds 
lleerllcs llccrllcs 

diseascd 
(elll, ) needles 

-~ ---- -~-

1 0.5 17 9~ 18 

~ 4.~ 20 72 ~8 

3 17.3 70 ~05 34 

4 >l.0 54 163 3:1 
[) 7.5 41 1,36 30 

6 8.5 ~O 6~ 3~ 

7 5.5 24 94 ~6 

8 -" D.~ ~8 58 48 

9 
! 

6.0 31 6,3 4D 
]0 7.0 51 ]O~ 50 
11 7.0 

I 
40 101 40 

12 7.S 48 1.31 37 
13 3.;; 14 50 28 
14 B.~ 8 43 ID 
J5 4.5 19 47 40 
16 5.5 ~3 79 28 
17 5,0 21 : 66 3:3 

I 
18 5.5 ~6 I 51 51 
19 3.0 11 

I 
~9 38 

20 4.0 ~f) 56 4;) 
I 

~l 4,;2 
, 

3~ 58 55 
22 

I 
1.4 15 I 18 83 

~3 2.5 14 
I 

28 I 50 : 
24 5.7 34 

! 
90 38 

25 5° 29 7.3 40 

26 .5.3 51 

I 
77 66 

27 5.1 31 83 37 
~8 6.0 52 

--. 

I 

I D9 53 

],imits 1.4-17.3 8-70 I 18-205 18-83 
-------

An'l'ngc 5.54 .30.32 I 79.50 40.21 
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1936 by Mr. T. YAMAGUCHI. Check inoculations to aid identification 
were successfully made as shown already (cf. Table 58, Exp. IV, Nos. 
53 and 55). Affected seedlings were grown ·at a certain place in the 
forest and attained to the age of twelve years measuring about 1 meter in 
height. Especially the upper needles of each branchlet were attacked. 
Each affected needle at the maturation of aecidial cups was slightly 
discolored but showed almost no hypertrophy and distortion of the tissue. 
These features were different from such cases as those of Milesina !toana 
and Uredino1Jsis ossaeiforrnis, whose spermogonia are, however, mor­
phologicaliy of the same type as the species in question. A total of 45 
branchlets were counted for affected leaves as shown in Table 82, and 
the percentage of the total number of needles was found to vary from 
11-46 with an average of 26%. In this case also some affected needles 
were seen to be simultaneously affected with another white rust that 
has comparatively large spermogonia(probably M. Itoana) and those that 
were infected with another one that has smaller spermogonia (probably 
Uredino1Jsis hir'osakiensis) as shown in Table 82. On aept. 28, 1936, 
fro)"ll the same location in the Tomakomai Forest, the same Periderrniunl. 
was still collected though a little changed in its outer appearance. 
Two other specimens of diseased MAYR'S fir were collected from Mt. 
Maruyama near Sapporo and also from Ochiai Forest. The former 
consisted of branchlets removed from a large tree. Check inoculations 
by aecidiospores were successful (cf. Tab. 58, IV, Nos. 43 and 44). The 
latter specimen included two small seedlings attaining about seven 
centimeters in height and two years in age. With the specimen check 
inoculatioil was not successfully made, but in morphology of spermogonia . 
and peridial cells it was so similar, that the writer instantly determined 
it as the rust in question. In these seedlings one-third to one-half of 
the number of new needles were diseased, which probably may have 
affected the healthy development of the fir seedlings. 

6. Hyalopsora acttleata KAMEL Data concerning this rust were 
derived from special observations on affected seedlings collected in the 
autumn of 1936 at Nopporo Forest. The affected needles showed slight 
hypertrophy and, elongation but no marked distortion nor demarcation 
between healthy and diseased areas. 'fhe affected tissue was pale 
yellowish green just as shown in cases of some Milesina. Frequently 
the midrib was seen in face view to be conspicuously discolored. Other 
characteristics were orange colored aecidial sori and markedly large 
spermogonia. Needles affected by the rust in question were "rather 

.. 
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'rABLE 82. Number of needles of brallehlets of .Abies Mayriana seedlings affecte(l 
by Milesina Miyabei 

No. of Length of No. of diseased . 'fotalno. of J;>erccnt of 

1n'anchlets . brallchlets 
needles needles diseased 

(em.) needles 

1 S.7 i9 128 15 
2 6.0 17 73 23 
3 7.2 16 72 22 
4 4.3 5 34 15 
5 3.1 4 26 15 
6 65 15 7I 21 
7 4.4 13 49 27 
8 65 9 83 11 
9 4.7 5 16 11 

10 1.5 2 13 .15 
11 15.3 50 229 22 
12 11.5 47 138 34 
13 11.7 38 155 25 
14 8.0 22 69 32 
15 8.0 20 70 29 
16 7.0 26 89 29 
17 65 I 12 74 16 
18 13.5 I 45 205 22 I 
19 9.0 47 130 36 
20 10.0 30 (+ 2*) 140 21 
21 7 .J 

.~ :23 (+2*) 83 28 
22 10.2 60 168 36 
23 7.0 39 85 46 
24 12.1 ao ( +1*) 240 16 
0--v 16.7 23 137 17 
26 15.5 20 (+1*) no 15 
27 17.0 10 59 17 
28 .10A 9 67 .13 
29 120 26 142 18 
30 10.0 14 83 17 
31 8.0 2~) 104 24 
32 7.0 7 64 11 
33 6.0 6 49 12 
34 15.0 35 206 17 
35 ]0.0 38 (+3*) 119 32 
36 10.0 30(+2*+1§) ]25 24 
37 6.3 5 64 8 
38 6.5 20 70 29 
39 4.0 6 (+) *) 32 19 
40 16.0 29 258 11 
41 10.5 27 (+4*) 151 18 
42 10.0 .31 (+IS) 143 22 
43 5.0 4 56 7 
44 5.3 11 (+2*) 47 23 
45 45 7 33 2] 

Limits 1.5-17.0 2-60 13-258 7-46 

Average 8.79 21.93 10:!.42 20.P3 

Some rust that had not yet developed aecidia, but was seen only in sper­
mogonia, which probably may be identified as Milesina It6ana. 

§ Some rust that had not yet perfectly developed aecidia an~ may probably 
be identified as Uredinopsis hirosakiensis. 
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sparsely scattered" among fascicles of leaves of the entire branchlet as 
already reported by BELL (1924, p. 23) in the case of H. Aspidiotus. 
The seedlings which bore affected leaves, so far as observed, varied from 
tiny oIi.es about three years old and 6.5 cm. in height to medium sized 
ones that have attained an age· of about six years and 22 cm. in height 
(cf. Fig. 7, d) . But the number of affected needles was only 1-16 per 
seedling. Rarely,.leaves on the same branch were found to be affected 
by this rust and Milesina Itoana simultaneously. Among twenty 
oranchlets that were taken from small trees having various heights the 
amount of the damage was as shown in Table 83. The degree of damage 
done by this rust appears to be not so great as that of some species of 
Milesina and Uredinops1·s. It is also rather like the case of H. AspidiohlS 

'l'ABLE 83. Number of affected needles of A. Mayriana by Hyalopsora aculeata 

No. of Length of Total no. of No. of 

bmnchlets hranchlets needles diseased Percent 
(em.) needles 

1 1.8 19 2 11 

2 2.3 23 2 9 

3 1.6 21 3 14 

4 1.1 19 1 5 

5 1.5 18 9 50 

6 1.2 21 4 19 

7 4.0 27 1 4 

8 2.0 17 2 ]2 . 
9 1.9 20 6 30 

10 1.2 18 3 17 

11 1.0 15 1 7 

12 1.2 17 1 6 

13 1.1 9 1 11 

14 0.7 9 1 11 

15' 1.4 16 1 6 

16 2.0 23 1 4 

17 1.2 17- 2 12 

18 ].7 20 2 10 

19 3.2 39 2 5 

20 7.5 102 1 , 1 

Limits 0.7-·7.5 9-102 1-9 1-50 

Average 1.43 23.50 2.30 12.2:; 
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of which it was remarked (l\![AYOR, 1923) "infection never takes place 
on a large scale which acconnts for these stages having been so long 
overlooked." 

VI. CONSOLIDA'rED TABLES 

TABLE 84. HECORD OF THE CULTURES PROVING RELA'l'IONSHlPS BETWEEN THE SPECIES 
OF FERN RuS'rs AND THEIR ALTERNATE PHASES 

1. Urec7inopsis 

No. Rust O. I. hosts II. rII. hosts 
Kincls* Authors [md plllce 
of cult. of pnblieation 

--
1. U. Strut/lio- Abies bal- Matteuecia A.B. FRASER, Mycologia, 5 : 

pteric7is samea Stnlthiopteris 235, 1913 

2. U. Osmml(lae " o smttnil a A. " 

i 
Claytonian a 

" " " B. FAULL, Journ. Arnolrl 
Arb., 19: 419, 1938 

.~-----.---

I 
\ 

3. U. Atkinsonii " Thelypteris B. FRASER, Mycologia, 5 : 
I palustTis 236, 1913 

- V:lr. pubescens 
._. ------- .-

4. U. Phegopter- " Dryopteris A. " 
idis 

i 
Linnaeana 

" " 
I 

" B. FAULL, Journ. Arnold 
Arb., 19: 413, 1938 

5. U. americana " Onoclea A.B. FRASER, Mycologia, 5 : 
sensibilis 236,1913 

6. U. Ptcri(7is Abies Ptericliu1l! B. WEIR & HUBERT, Am. 
granclis aquilinum val'. J ourn. Bot. 4: 330, 

lanuginosu1l! 1917 

7. U.Kameiana Abies Ptericliuln A.B. KAMEl, Ann. Rep. Jap. 
Mayriana aq'uilinulll Phytopath. 2: 212-

val'. japoniculll 214, 1930 

8. V. At71yrii " Athyriulll A.B. KAMEl, Journ. Facult. 
Filix-foemina Agric. Hokk. Imp. 
val'. longipes Univ. 47: 11-42, 1940 

9. U. Woodsiae " TV ooc7sia poly- A.B. " 47: 41-42, 1940 
stic7lOicles 
v,n·. n ucliuscula 

10. U. hirosaki- " Thelypteris B. KAMEl, Trans. Sapporo 
ensis 

I 

paZustris Nat. rEst. Soc. 13: 
YIll". pubcsccns 157,1934 

" " " 
I 

A. KAMEl, Journ. Facult. 
Agric. Hokk. Imp. 

I Univ. 47: 20-21, 1940 I t I 
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~~-~ 

11. U. intermedia Abies Athyriulll aero· A.B. KAMEl, J ourn. Facult. 
Mayriana stichoides, Agric. Hokk. Imp. 

A. pterorachis Univ. 47: 45-46, 1940 
- --
12. U.ossaei- " Dryopteris A.B. " 47: 49-50, 1940 

formis dilatata 
val'. oblonga, 
D. montieola 

13. U. Adianti " Adiantum A.B. " 47: 9, 1940 
pedatum 

-
14. U. jilicina " Dryopteris A.B. " 47: 17-18, 1940 

Phegopteris 
--

15. U. cerato- Abies Cystopteris A. FAULL, Journ. ATllOld 
p]lOra balsamea bulbifera Arb., 19: 425, 1938 

16. U.longilllucro- " Athyrium A.B.· " 19: 411, 1938 
nata angustum 

2. Milesina 

17. M. Blec]/ni Abies alba, Bleehnum A.B. KLEBAHN, Zeitschr. f. 
A. cepha- spicant Pfl. Kr., 26: 262-264 

lonica 1916 
------- ----- --

18. M. 'fIwrgi- Abies Aspiilium A.B. FAULL, Journ. Arnold 
naZis balsamea lll([1-ginale Arb. 15: 58-59, 1934 

19. M. intermedia " Dryopteris A.B. " 15: 56-57, 1934 
spinulosa in-
t:rmedia 

._---------- -

20. M. polypodo- " Polypodium A.B. " 15: 60-61, 1934 
phila vil'ginianum 

21. 111. tructuo.~a Abies balsa- Dryopteris A. " 15: 63,1934 
mea and other spinulosa 
six species of var. tTuctuosa 
Abies 

22. M. exigua Abies MaYTi- Polystichum A.B. ·KAMEl, Trans. Sapporo 
ana, A. firma, Braunii, P. Nat. Hist_ Soc. H: 

. A. saellalin- aeuleatum 143-146, 1930 
ensi8 val'. retroso-

palcaecum 
--_._-

23. M. jezocnsis Abies Mayri- Polypodium A. " 12: 31,1931 
ana virginianum 

" " " B. KAMEl, J ourn. Facult. 
Agric. Hokk. Imp. 

- Univ. 47: 111, 1940 

24. M.Dryo- " Polystichu1Jl. A.B. " 47: 97-98, 1940 
pteridis Standishii 
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25. M.Miyabei Abies Mayri- Dryopteris A.B. KAMEL, J ourn. Facult. 
ana crassir,hizoma , Agric. Hokk. Imp. 

Univ. 47: 113-114, 
1940 

26. M. sublevis " S colopendrium A.B. " 47: 118-119,1940 
vulgare 

--

27. M.Krieger- Abies alba Dryopteris B. MAYOR, Bull. Soc. Nen-
iana Filix-mas chat. Sco. Nat. 58: 

1933 

" " D. spinll/osa A_ HUNTER, J ourn. Arnold 
A. concolor, Arb. 17: 32, 1936 
A. gJ'andis 

28. M.Scolo- Abies alba, Scolopendrium A.B. " 17: 28-32, 1936 
pendrii A. concolor vulgare 

--
29. M. Dieteliana Abies alba Polypodiulll A.B. I " 

A. concoloJ' vulgare 
I 

I 

30. M. 'Vogesiaca Abies alba Polystichum 
'-I 

A. I " 17: 28, 1936 
angularc I 

31. M.1toal1a Abies Dryopteris A.B. 
1 

I KAME!, Trans. Sapporo 

I 
MaYJ'iana, crassirhizoma I Nat. Hist. Soc. 14: 

I 
A. sae(zalin- I ~ 98,1935 
ensis I 

I I 

3. Hyalopsora 

33. H. Aspidiotus Abies alba Dryopteris A.B. MAYOR" Bull. Soc. Neu-
Linnaeana, chat. Sci. Nat. 47: 
D. Robertiana 1923 

-' 
33. H. aculeata Abies Mayri- Spicantopsis A. KAMEL, Trans. Sapporo 

ana nipponica Yar. Nat. Hist. Soc. 12: 
japonicum 125-126, 1932 

" " " B. KAMEL, J ourn. Facult. 
Agric. Hokk. Imp. 
Univ. 47, 152, 1940 

* The kinds of culture are A and B, where A means basidiospore culture aud B 
aecidiospore. 

TABLE 85. SUMMARY OF ORIGINAL CULTURE EXPERIMENTS PERF'ORMED BY ~'HE. WRITER 

A. Inoculations with basidiospores and aecidiospores 

Times The year in which ex-
~ Inocula obtaiued from Inoculated on Result of 

expt. periments perfonned 

Uredinopsis Adianti (Tab. 1 and 2) 

Adiantum pedatum Abies Mayriana + 1 

1

1925 

Abies Mayriana A~iantum pedatum + 2 " 
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Abies Mayriana 

Athyrium Filix·foe· 
mina var. longipes 

Abies Mayriana 

" 

" 

" 

" 

" 

Dryoptoris Phogo· 
ptoris 

Abies Mayriana 

" 

" 

" 

" 

Dryoptcris Thelyptel'is 

.d bies Mayriana-

! 

Thclyptcris pal ustris 
var. pubes cons 

Athyriulll Vidalii 

Matteuccia 8truthio· 
ptoris 

Woodsia polystichoiiles 
var. nudiuscula 

-Pteridi11m aquilinU1ll 
var. japcnicum 

1 1925 

1 

1 

1 

Uredinopsis Athyrii (Tab. 3 and 4) 

Abies Mayriana + 7 1923, 1924(2)*, 1925(2), 
1926, 1929 

Athyrium Filix- + 7 1923(3),1924, 192:3, 19~8, 
foemina yar. longipcs 1929 

Mattcuccia 8truthio- - 1 1923 
pteris 

'l'holyptor-is palustris· - 2 192:1, 19~4 
yar. pubescens 

Dryoptcris Phego- - 1 1923 
ptoris 

Ptcridiu1iI aquil- - 2 1923, 192i5 
inum val'. japonicu1n 

AthyriulII Vidalii - 3 19~4 (2), 1935 

Uredinopsis jilioina (Tab. 6 and 7) 

Abies Mayriana + 6 1923 (2), 1927**', 
1928, 1930(2) 

Dryopteris Phego- / + 2 1923(2) 
ptoris 

Matteuccia 8trutitio· - 1 1923 
ptoris 

Thelyptcris palustris - 1 192.3 
var. pubescens 

Athyriu1n Filix- - 1 1923 
foemina yar. longipes 

Pteridiu1I1 aquili- - 1 1923 
nU1n val'. japonicum 

Urcdinopsis hirosakicnsis (Tab. 8 and 9) 

Abies Mayriana + 9 1922,1923,1925,1925***, 
1926, 1928, 1930 (2), 
193~'** 

Thelypteris palustris + 4 1922(2) , 1923; 1025 
YDr. pubescens 

1 1923** 

,Ptcric/iU1)! aquilill um + 2 1923, 1925 
val'. japcn1·eu1l1 
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Abies J:£aYl'ialla Matteuccia 8tl'uthio- 1 1923 
ptel'is 

Dryoptcl'is Phego- 1 1923 
pteris 

AthY1'iu11l Filix-foe- 1 1923 
11lina Vfll'. longipes 

Dryopteris dilatata 1923 
val'.oblonga 

" :t<** Thelypteris palustl'is 3 1933(3) 
val'. pubescens 

Uredinopsis Ka1lleiana (Tab. 11 and 12) 

Pteridiu11l aquilinu1Il Abies Mayriana + 12 1923. 19~4. 1925. 1027, 
,·al'. japonic1I1ll 1928. 1930 (2). 1931(2). 

1933(2), 193il*** 

" A. llOlopltylla + 2 1933 (2) 

" A. nephrolepis + 1 1933**· 

" A. balsa11lea -1- 7 1933(4), 1933 (3)*** 

Abies /lOlophylla Pteridium aquilin1l1ll + 1 1933 
val'. japoniC11In 

A. Mayriono " + 5 1923,1924,1931, J93:i(2) 

" Mattellccia 8trllthio· - 2 19~3, 1931 
pte1·is 

" Dryopteris Phego- - 3 J9~3, ID31, 193:1 
pteris 

" Thelypteris palllst/'is - 2 1923, 1931 
val'. pubescens 

" Athyri1tm Filix·foe- - 2 1923, 1931 
milia val'. longipes 

Onoclea sensibilis - 1 1D31 

" . Adiantu11l pei1at1l11l - 1 1933 

" OSl1lUnda cinna11lomea - 1 1933 

" Polystichll11! tripteron - 1 1933 

" OS11!unda japonica - 1 1933 

" Dryopteris C/·assi· - 1 1933 
rhizoma 

" Athyriu11l aero· - 1 1933 
stichoides 

A. sachalinensis Pteridiu11l aquilinll11l + 4 1934 (3), 1936 
val". japonicum 

U re(linopsis 8trutltiopte/·idis (Tab. 15 and 16) 

Matteuccia Stnt· Abies May/·iona + 13 1922(3), 1923(3), 1925, 
tlliopteris 1926(3), 1928, .1930***, 

1933 

" A. sachalinMlsis + 1 1926 

A. firma ..j.. 2 ] 926(2) 
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Abies Mayriana Matteuccia Struthio- + 4 1922, 1923 (2), 1926 
pteris 

Dryopteris diZatata 1 1922 
var. obZonga 

Dryopteris Phego- 2 1922, 1923 
pteris 

Onoe/ea sensibiZis 1 1922 

TheZypteris palustris 2 1922, 1923 
var. pubeseens 

Pte'l'idium aquiZinu1n 2 1923, 1926 
vm·. japonicu1n 

Athyriurn FiZix-fpe- 1 1923 
rnina var. Zongipes 

Athyriupl VidaZii 1 1926 

VTedinopsis W oodsiae (Tab. 17) 

W oodsia polysti- Abies Mayriana + 5 1925, 1928***, 19:10***, 
choides var. n1ldiuseula 1930, 1931 

Abies Mayriana W ooelsia polysti- + 1 1931 
ehoides var. nudiuscula 

Uredinopsis intermedia (Tab. 20 and 21) 

Athyriurn acro- I Abies Mayrial1a + 5 1923(2), 1925, 1930***, 
stichoides I ]931 

A. pterorachis I + 2 1923(2) 

Abies .lYIayriana Athyriurn pterorac/Zis + 6 ]923(6) 

Athyriurn acro- + ii 1923(4), 1931 
stichoides 

Dryopteris eliZatata 2 19~3 (2) 
var.oblonga 

Thelypteris palustris 2 1923 (2) 
var. pubescens 

Dryopteris MiqueZiana 2 19~3(2) 

Vredinopsis ossaeiformis (Tab. 22 :mcl 23) 

Dryopteris eli/atata Abies JI1ayriana + 13 1923 (5), 1923, ]924(2) 
val'. oblonga 192.>, 1926(3), 1931 

D. rnonticola + 3 1924(3) 

D. diZatata Abies firma + 3 1924, 1926(2) 
var.oblonga 

Abies sachalinensis + 1 1926 

Abies Mayri01W Dryopteris diZatata + 6 1922(2), 1923(3), 1[)~6 
var.oblonga 

D. rnanticala + 1 1924 

D. Phegopteris 1 1922 

OS11l1lnda cinnarnomea 1 1922 

/ 
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Abies Mayriana PolystiehumStandishii 1 1:323 

Tllelypteris palllstris 1 192a 
"af. pubcscens 

M atte7tccia Struthio· :] 19~2. 1923 
pteris 

Athyrium z;terorachis 1 1923 

A. acrostichoides 1 1923 

Dryoptcris Miqlleiiana 1 1923 

D. crassirltizoma 1 1923 

D. dilatata + 9 1923(2), 1924, 1932, 
vaf.oblonga 1933(4). 1936 

D. Miqueliana 1 1923 

D. crassirhizoma 3 1923, 1933(2) 

Athyr'ium aero- 3 1933(2) 
sticho'ides 

A. pteroracllis 1 1933 

Abies firma Dryopteris dilatata 1 1926 
val'.oblonga 

Milesina Dryopteridis (Tab. 48 and p. 98) 

Polystichum Standishii I Abies Mayriana ' I + 
Abies Mayriana Polystichllm Standishii + 

3 j1931*n, 1934***, 1934 

1 1934 

Miles'ina exiglla (Tab. 49 and 50) 

Polystichllm aculeata Abies Mayriana + 6 19:!4, 1925, 1926.19~6***, 
var.l·etroso-paleaceum 1928, 19~!l 

" A. saehalinensis + 2 1936 (2) 

" A. firma + 1 1926 

Polystichum Braunii A. Mayriana + 2 1930, 1930*** 

Abies Mayriana Polystichum Braunii + 1 1924 

A. firma " + 1 1936 

Milesina It6ana (Tab. 52, 53 and 54) 

Dryopteris crassi- Abies Mayriana + 6 1935(3), 1936(3) 
rhizol1ta 

Abies Mayriana Dryopteris C1'assi- + 7 1935(6). 1936(1) 
rhizoma 

" Scolopendrill'lll. vulgare - 1 1935 

" Polystiehum Braunii - 1 ]935 

" P. aeuleatum - 1 1935 
vaf. retroso-paleaceum 

" P. Standishii - 1 1935 

" **** Dryopteris crass i- + 20 1933 (7), 1934 (13) 
rhizoma 

Abies sachalinensis**** " + 1 1933 
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Milesvna jezoensis (Tab. 55 and p. 111) 

Polypodium t'i1'- Abies Mayriana + 7 1930(4), 1931, 1933, 
gin'ianum 1936*** 

Abies Mayriana Polypo(lium virgin- + 1 1933 
ianum 

Milesina Miyabci (Tab. 57 and 58) 

Dryopteris crassi- Abies Mayriana + 11 19~6 (3), 1928 (2)***, 
rhizoma 1931***, 1931 (2), 1935 

(2), 1936 

Abies Mayriana Dryopteris crassi- + 3 1926, 1935, 1936 
rhizoma 

" **** " + 5 1934(3), 1936(ll) 

" Dryopteris dilatata 
var.oblonga 

- 4 1934~2), 1936(2) 

Milesina sublevis (Tab. 59 and p. 119) 

Scolopendri1l11l Abies Mayriana + 6 1926(2)***, 1927(2)***, 
vulgare / 1931,1931*** 

Abies M ayriana S colopendriun~ 'I- 1 1931 
vulgare 

Hyalopsora acu/eata (Tab. 78 and p. ~52) 

Spicantopsis nipponica Abies Mayriana + 6 19~6(2)***, 1927 (3) ***, 
var. japonica 1931*** 

Abies Mayriana**** Spicantopsis nipponica + 2 1936 (2) 
val'. japonica 

The inocula obtained from ferns were basidiospores and from ihs aecidio-
spores. 

*. The number inside the parentheses is the number bf times of culture experi-

*** 
**** 

ments. 
Cases that were not clearly shown by the resulting uredosori. 
Cases that did not produce aecidia. 
Cases in which aecidiospores for inoculation's were obtained from the field. 

B. Inoculations with uredosporcs and amphispores 
. 

Times The year in which ex-
Inocula obtained from Inoculated onto Result of periments performed 

§ Dryopteris Ph ego­
pteris 

expt, 

Uredinopsis filicina (Tab. 5) 

I 
Dryopteris Ph ego­
pteris 

+ 5 1933, 1924(3), 1930_ 
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Ul'cilinopsis Kameiana ('fab. 10) 

\\ Ptcridium aquilinum 1 Pteri.ilium .aquilinum 
val'. japonieun! val'. Japomeum 

1 1 l!l33 

Uj'cdinopsis Struthiopteridis (Tab. 13 and 14) 

~~ Matteuccia Struthio· 
pleris 

Matteuccia Struthio· 
pteris 

TheZypteris palustris 
val'. pubescens 

Dryopteris Ph ego· 
pteris 

D. dililtata 
val'. oblonga 

+ 2 19::!2(2) 

1 1922 

1 1922 

1 19~2 

1 1922 

1 1922 

~ Matteuccia Stru· 
thiopteris 

Onoclea sensibilis 

Osmunda japonica 

Matteuccia Struthio· 
pteris 

+ 10 1 1922 (7),1923(2),1924 

Uredinopsis intermedia (Tab. 18 and 19) 

~§ Athyri11m ptero- Athyrium pterorachis + 1 1923 
rachis 

~§ Athyrium acro- A. acrosticlioidcs + 1 1931 
stichoides 

., A. pteroracltis + 1 1931 

§ AthYl'ium acro- A. acrostichoides + 2 1923 (2) 
stichoides 

Uredinopsis ossaeiformis (p. 47) 

§ Dryopteris dilatata 
val'. oblonga 

~ D. monticola 

§§ Dryopteris crassi­
rhizoma 

§ § Dryopteris cra8'si-
rhizoma 

" 
" 

D. monticola + 

D. dilastata + 
val'.oblonga 

M ilesina It6ana (Tab. 51) 

1 

Dryoptcris crassi­
rhizoma 

+ 

Milesina Miyabei (Tab. 56) 

Dryopteris crassi- + 
rhizoma 

D. monticola -
D. dilatata val'. -
oblonga 

§ Amphispores were used us inocula. 
§§ Uredospores were used as inocula. 

1 1924 

1 1934 

I 

2 11934, 1935 

7 1923, 1924, 
1934(3) 

1 19:24 

1 1924 

1925, 1933, 
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VII. SUMMARY 

1. Studies on the taxonomy and biology of fern rusts of Abies are 
very important from the pathological point of view in Hokkaido, where 
fir trees are economically of great value and commonly associated with 
ferns in the field. In the present paper, there is described the writer's 
work with special regard to the cultural life history concerning six­
teen species included in genera of UredinoZJsis, Milesina and Hyalopsom 

made during past 15 years. For each species of materials, a historical 
review of researches on the fungus and personal observations aCCOlll­
panied with its description are presented. 

2. To obtain distinguishing criteria, intensive comparative studies 
of the spermogonial and aeciclial phases were made. Comparing' spermo­
gonia of each species, it may eithel' be classed into subcuticular or 
subepidermal type. TIle sllape, size and number were different for each 
type. Subepidermal spermogonia of the species of Ureclinopsis and 
lf1.ilesina differed little, while subcuticular spermogonia of the species of 
Uredinopsis were generall.'- smaller and more superficial than those of 
the species of Milesina. 

3. Comparing markings of perjdial cells of aecidia of all the 
species, they may be divided into finely verrucose type, coarsely verru­
cose type and striate (including alveolar markings) type. Aecidiospores 
of the species of UredinoZJsis "'ere generally smaller than those of the 
species of Milesina though they are indistinguishable in color and shape. 

4. ~\:eys to the species of Ihedinops1:s and M'ilesina based upon 
JllOl'phological characters of spermogonial and aecidial phases are given. 

5. Spermogonia1 and aecic1ial phases or U.1'eclinopsis Kameiana 
FAULL on Abies Mayriana in Hokkaido are conspicuously different from 
those of U. Ptericlis DIET. et HOLW. on Abies granclis in Western America 
though they have been heretofore considered conspecific. 

6. For each species of all white spore.d materials, the relative time 
of the appearance and the development period of the organ of each 
stage developed from cultures were compared. Organs of the speCies of 
Uredinopsis appeared generally earlier with shorter periods of develop­
ment than those of the species of Milesina. 

7. It is concluded that the species of Ureclinopsis and Milesina are 
not closely restricted to any particular species 'of Abies, but they are 
closely restricted to particular species of fern. 

8. In the normal development of heteroecious life cycle in the 
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ty pical speeies of Ureclinopssi, so far as artificial Gultures are concerned, 
the period from the germination of overwintered teleutospores to the 
formation of new teleutospores again after the infection of aecidiospores 
is found to cover only a little more than two months. 

9. 'l'hat overwintered amphispores may infect the same fern host 
was proved in Uredinopsis filician, U. Kameiana, U. intermedia and U. 
Struthioptericlis. The germination of amphispores was also observed ill 
eases of U. filicina and U. Stntthiopteridis. 

10. Considering the overwintering habit of the host fern, the 
development of teleutospores and uredosori as well as the lack of amphi­
spores, species of 111[ ilesina in this locality are reasonably assumed to 
hibernate by the mycelium. 

11. In Hyalopsora aCllleata, according to the writer's investiga­
tions, the course of a life cycle was completed within one season. It is 
different from that of Hyalopsora Aspidiotus, which is known to require 
four years for the completion of'. a life cycle. Such a character well 
corresponds to the typical species of Milesina, with which H. aculeata 
somewhat agrees in morphological characters. 

12. 'fhe amount of damage to Abies was estimated by counting 
affected needles of branchlets for the cases of Ureclinopsis hirosakiensis, 

U. Kame'iana, U. ossae'ifonnis, Milesina. Itoana, M. Miyabei and Hyalop-, 
sora aC1tleata. 

13. In Hokkaid6, the current year needles of Abies were seen ttt 
be a:ffected by species of Uredinopsis early in the season and later by 
some of M ilesina. and H yalopsora aculeata. Sometimes two species of 
the same genus.or of different genera of the rust fungi were found infect­
ing together on one and the same needle or branchlet. Among these, 
U1'edinolJsis hi1'osakiensis was observed to occur on needles of especially 
small seedlings in nursery beds, while Milesz"na Itoana to affect current 
year needles of young and mature fir trees as well as those of tiny 
seedlings on the floor of the forest. From these facts, it may easily 
be accepted that fern rusts of this locality, at least some of them re­
presented by such as M. Itoana, may exert considerable damage upon 
the natural 'reproduction of fir seedlings retarding the growth or reduc­
ing the number of seedlings themselves. In such a case, all the rusted 
ferns should promtly be destroyed for the sake of the health of the fir 
trees. 
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EXPLANATION OF PLATES 

PLATE I. 

Successfully inoculated fir seedlings with basidiospol'cS of various' species of 
fern rusts. 

Fig. a. Abies Mayriana 13, inoculated with Uredinopsis ossaeifo1'1nis on May 18, 
1923. Aecidia began to issue about three weeks after inoculation and 
continued to become profuse ultimately. X 1/3. 

1!'ig. lJ. A. Mayriana IV., inoculated with U. Kameiana on May 27, 1928. Aecidia 
began to issue 24 days after inoculation on current year needles only. 
Photographed on June 28, 1928. About natural size. 
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Pig. c. 

Fig. d. 

A. Mayriana IV1I, inoculated with Milcsina Dryopte/"idis Oll JUl,e'16, 1934. 
Aecidia began to appear from August 26th. Slightly enlarged. 

A. Mayriana 115, inoculated with M. It6ana on June 4, 1935. Aecidia 
began to appear from Oct. 1, 1935. About 1/2. 

PLATE II. 

J!'ace views of affected fir needles producing aecidial phases of various species 
of fern rusts. Photographed in June 1933. Taken with reflected light unless other· 
wise stated and magnified in cYery case a bou t 17 times. 

Fig. a. 
Fig. b. 
Fig. c. 
Pig. d. 
Fig. c. 
Fig. f. 
Fig. g. 

l!'ig. h. 
Fig. i. 
Fig. j. 

l!'ig. k. 
Fig. I. 
Fig. Ill. 

Fig. n. 

Abies Mayriana Is, successfully inoculated with U. Athyri"i. 
A. Mayriana IVlo, successfully inoculated with U. filicina. 
A. Mayriana VI .. , successfully inoculated with U. hirosakiensis. 
A. Mayriana VIII13, successfully inoculated with U. Kameiana. 
A. Mayriana IIo, successfully inoculated with U. Stntthiopteddis. 
A. Mayriana IXn , successfully inoculated with U. Woodsiae. 
A. Mayriana Xli, successfully inoculated with U. intermedia. Photographed 

with transmitted light. 
A. Mayriana VI5, successfully inoculated with U. ossaeiformis. 
A. firma 1o, successfully inoculated with Milesina· exigua. 
A. Mayriana. affected with M. It6ana collected at Tomakomai 'Imperial 

Forest, Division 301, on Sept. 28, 1932. 
A. Mayriana XIXlo, successfully inoculated with ]1[. jezoGnsis. 
A. ]1[ayriana In, successfully inocnlated with M. Miyabei. 
A. May1"iana XVIIIn , successfully inoculated with M. sublevis. Photo· 

graphed with transmitted light. 
A. Mayriana IX" successfully inoculated with Hya/opsora acu/eata. 

PLATE III. 

Pinnae of Yluious species of fern affected with the uredostages of various species 

of rusts. 

Fig. a. 

Fig. b. 

l!'ig. c. 

l!'ig. d. 

.I<'ig. e. 

Fig. f. 

Fig. g. 

Adia11tum pedatum affected with Uredinopsis Adianti. Oollected at Jilzan­
kei, Provo Ishikari on Sept. 23, 1934. Slightly ·enlarged. 

Athyrium Filix·foernina var. longipes affected with U. Athyrii. Oollected at 
Botanic Gal'den Sapporo on Oct. 4, 1932. About natural size. 

Thelypteris palustris yar. pubescens affected with U. hi·rosakiensis. It 

shows many uredosori that issued after the inoculation experiments with 
aecidiospores on Mayrian fir seedlings collected at Tomakomai in July 
1933. Inoculated in Petri dish on July 21th. x 1.3. 

Dryopteris Phegopteris affected with U. jilicina. Oollected at Mt. Makkari· 
nupuri on Aug. 27, 1923. About natural size. 

Matteuccia Struthiopteris affected with U. Struthiopteridis. Oollected at 
Maruyama near Sapporo in September 1929. Slightly enlarged. 

Woodsia polystic/Zoi.des val'. nudiuscula affected with U. Woodsiae. Oollected 
at Mt. Teine on Oct. 20, 1929. Ahout natural size. 

Pteridiu111 aquilin1l11l var. japoniC71nl affected with U. Ka1lleiana. Oollected 
at Nopporo on Oct. 19, 1929. Enlarged. 



186 f:iEN JI KAMEr 

Fig. h. .Atilyritun pteroracilis affected with U. intermerlia. Collected at Mt. Teine 
on Sept. 28, 1924. Slightly enlarged. 

Fig. i. 

Fig. j. 

~'ig. k. 

l<'ig. 1. 

~'ig. 111. 

Fig. n. 

Fig. o. 

Fig. p. 

Fig. a. 

Fig. b. 

Fig. c. 

Fig. d. 

Fig. e. 

Fig. f. 

Fig. g. 

Fig. h. 

Fig. 1. 

Fig. j. 

Dryopteris rlilatata val'. oblonga affected with U. ossaeijormis. Collected at 
Mt. Makkarinupuri Oil Aug. 24, 1924. About natural size. 

Polystichu1I1 Stanrlishii affected with M. Dryopteridis. It shows ul'edosori(x) 
that issued after the inoculation of aecidiospores produced after the 

inoculation with basidiospores on Abies Mayriana IV". Inoculatedon 

June 16, 1931 and produced 70 days after inoculation in Petri dish. 

About natural size. 

Polystichum Braunii affected with M. cxigua. Collected at Nopporo FOl'cst 

in October 1929. Enlarged. 

Dryopteris crassirliizoma affected with M. It6ana. It shows uredosori 
issued 011 Dec. 4, 1933, 27 days after the inoculation with aecidiospores 

on A. Mayria11a collected at Lake Shikotsu. About natural size. 

Polypodi11111 virginiaml1n affected with M. jezoensis. Collected at Shikari­
betsu on June 6, 1930. Photographed on June 24. Slightly enlarged. 

Dryopteris crassirhizoma affected with Milcsina Miyabei. Collected at Mt. 
Makkarillupuri Oil Oct. 6, 1930. Uredospores are issuing iii filamentary 

masses. x 2. 

Scolopendrium vulgare affected with M. subelvis. It shows 'uredosori that 
issued after the inoculation of aecidiospores which were produced on 
A. Mayriana XIll . About natural size. 

Spicantopsis nipponica val'. japonica affected with Hyalopsora aC1l1eata. It 
shows ul'edosori that issued from the aecidiospore inoculation. About 
natural size. 

PLATE IV. 

Median vertical sections' of spermogonia of vlU'iolis Uredinopsis rusts. 

Closely attached mature spermogonia of U. Adianti from longitudinal 
section of leaf of Abies Mayriana 15• x 310. 

A mature spermogoninm of U. AthYl'ii from longitudinal section of leaf of 
A. Mayriana Is. x 310. 

Two mature spermogonia of U. filicinn fl'om longitudinal section of leaf of 
A. Mayriana Xa. X 310. 

Two closely attached spermogonia Qf U. hirosakiensis from transverse 
section of leaf of A. Mayriann IlIa. X 330. 

Confiuented spermogonia of U. Kallleiana from longitudinal section of leaf 
of A. lrlaY1'iana VITr.. x 310. 

A mature spermogonium of U. Kallleiana fl'om longitudinal section of leaf 
of A. Mayriana VITo. x 330. 

A mature spermogonium of U. ]V ootlsiae from longitudinal section of leaf 
of A. Mayriana Xc,. x 310. 

Two spermogonia of U. Woodsiae from longitudinal section of leaf of A. 
Mayriana IXll • x 310. 

A mature spermogonium of U. intcrmclZia from longitudinal section of leaf 
of A. Mayriana Xll. x 310. 

A mature spermogoninlll of U. ossaeijormis from transverse section of leaf 
of A. Mayrialla collerteil in July H)i)2 at M6rap, PraY. Ihnri. x 310. 
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PLATE V. 

:Median vertical sections of spermogonia of various Milesina rusts. 

'fwo mature spermogonia of M. Dl'yopteridis from transverse section of 

leaf of Abies Mayriana IV". x 310. 

Fig. b. A mature spermogonium of M. exigua from transverse section of a leaf of 
A. firma L. Note spermatia are being produced accompanied with so 
('ailed "flexuous hyphae" from the ostiole to constitute band-like mass. 
x 310. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

c. 

el. 

e. 

f. 

g. 

h. 

i. 

A mature spm'mogoninm of M. jezoensis from transverse section of leaf of 
A. Maydana XVIII1o• x 310. 

A mature spermogoniqm of M. sub levis from transverse section of leaf of 
A. Mayriana XVlIIll• Somewhat flattened one. x 310. 

A mature spennogonium of M. sublevis from longitudinal section of leaf of 
A. Mayriana XVII In. Somewhat globose one. x 310. 

A mature spermogonium of Hyalopsora aculeata from longitudinal. section 
of leaf of A. Mayriana XIIIo• x 52. 

Two mature spennogonia of Milesina Miyabei from transverse section of 
leaf of A. Mayriana lIn.' X 108. 

A mature spermogonium of j}1. Itoana from transverse section of leaf of 
A. Mayriana collected at Tomakomai Imperial Forest (Division 301) on 
Sept. 28, 1932. x .310. 

A spermogonium of M. Miyabei same as in Fig. g. X 310. 

PLATE VI. 

Face view of the peridi,~l cells of aecidia of various species of fern rusts 
magnified 900 times except figures q and r in which magnified 310 times. 

Fig. a. 
Fig. b. 
Fig. c. 
Fig. el. 
Fig. e. 
Fig. f. 
Fig. g. 

Fig. h. 

Pig. i. 
Fig. j. 

Fig. k. 
Fig. 1. 

Fig. m. 

Fig. n. 
Fig. o. 
Fig. p. 

Urei7inopsis Adianti on Abies Mayriana 10. 
U. Athyrii on A. Mayriana IX,. 

U. filicina on A. Mayriana lIs. 
U. hirosa7ciensis on A. Mayriana VIII". Note conspicuons alveolar markings. 
U. Kameiana on A. Mayriana VIII13• 

U. Struthiopterii7is on A. Mayr'iana VI,. 
U. Wooi7siae on A. MaYl"'iana IXn . 

U. ossaei/o1"1nis on A. MaYl"iana I" accompanied with an aecidiospore. Note 
somewhat striate markings. 

U. intermedia on A. Mayriana XII,. 

Milesina Dryopterii7is on A. Mayriana IV". 
M. exigua 011 A. firma 10. 
M. ItOa1la on A. Mayriana collected at Nopporo Forest on Oct. 8, 1934. 

M. jezoensis OJ~ A. Mayriana XVh. 
M. Mi11abei on A. MayJ"iana XVo. 
M .. wblevis on A. Maydana Xlo. 

Urel1inopsis .Pterii7is on Abies granc7is collected by Dr. J. R. Weir at Priest 
River, Idaho, in U.S.A. on June 11, 1916. A part of the specimen that 
was used in the inoculation experiments made by Drs. Weir and Hubert. 
"Note marc ('ollspicuous and far coarser markings comparing with those 
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Pig. q. 

Fig. r. 
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of U. Kamc'iana in Fig. c which was previously considered as U. Ptcridis. 
The same in lower magnification. N ate very thick walled peridial cclls. 
U. Kameiana on Abies Mayriana VIII,.. Accompanied with three aecidio­

spores that were obtained from the writcl"S inoculation experiments. 
Note distinct difference of markings compared with Fig. q. 

PLATE VII. 

Uredo and telcutoshtges of various species of fern rusts. Drawn by means of 
camera lucida and magnified 240 times unless otherwise stated. 

Fig. 1. U. Adianti. a. The nredospores in sticky substance. b. Uredospores in 
water. c. Teleutospores in face view of the affected fern frond. 

Fig. 2. U. Athyrii. a. Ul'edospores in water. b. A Ul'edospore in dry state. c. 
Teleutospores in sectional view of the host tissue. d. Teleutospores in 
face view of the affected fern frond. e Two promycelia. 

Fig. 3. U. filicina. a. Amphispores in wet and dry states. b. Uredospores in 
water. c. Amphispores in germination. d. Teleutospores in sectional 
view of an affected frond. 

Fig. 4. U. Kamciana. a. Uredospores in water, in germination and in dl'y state. 
b. An amphispore in dry state. c. Amphispores just before germination. 
d. Teleutospores intact and in germination. 

Fig. 5. U. Struthiopteridis. a. Uredospores in water. b. Uredospores in dry state. 
c. Teleutospores in sectional view of the affected frond. d. A promy­
celium and basidiospores. e. A teleutospore in the beginning of 
germination. f. Amphispores. g. Germinating amphispores. h. Cells of 
11. pseudoperidium of a uredosorus. i. Germinating Ul'edospores. 

Fig. 6. U. Woodsiae on Woodsia polystichoides val'. n1ldiuscula. a. Uredospores in 
wet and dry states. b. Teleutospores in face view of the affected frond. 
c. Promycelia and basidiospores. d. Amphispol'cs in -"let and dry states. 

Fig. 7. U. hirosakiensis. a. Uredospores in dry and wet states. b. Uredospores 
in germination. c. Teleutospores in subepidermal position in the host, 
tissue. d.Teleutospores in face view of the affected frond. 

Fig. '8. U. ossaeiformis. a. Uredos'Pores issued on Dryopteris 7ltonticola. h. A 
teleutospore in germination. c. Teleutospores in sectional and face views 
of the affected fern of Dryopteris dilatata val'. oblonga. c1. A uredosorus 
unc1er the stomatal slit of the same host. c. A uredosorus in median 
vertical section showing surrounding teleutospores on Dl'yopteris monti­
cola. 

l<'ig. 9. U. intermedia. a. Uredospores from Athyriu11! ptel'orachis in water. b. 
Amphispores in water mostly c1erived from Athyrium pterorachis. c. 
Promycelia accompanied by basidiospores. c1. Amphisporic sori and 
teleutospores in the sectional view of the affected frond of AthYTiu1n 
ael'ostichoides. x 136. e. Teleutospores on the face view of the affected 
frond of Athyrium pterorachis. 

Fig. 10. MiZesina Dryopteridis on Polystichum' Standishii. a. Uredospores in wet 
and dry states. b. Teleutospores in epidermal cells in face view of the 
host fern. e. The same in section of the affected frond. 
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Fig.11. ]f. exigua on Polystichurn aculeaturn val'. l'etl·oso-paleaceu11l. n. Uredospores 
in wet nnd dry states. b. Pro mycelia nnd ·basicliospores. c. Teleuto­

spores in epidermal cells of the host fern in face view. 
lJ'ig.12. .lE. !toar/a. a. Uredospores. b. Teleutosporcs. c. A young teleutospore in 

a host epidermal cell. d. Teleutospores in a host epidermal cell in the 
time of germination. 

Fig. 13. M. jezoensis. a. Uredospores. b. Germinating teleutospores. 
Fig. 14. M. Miyabei on Dryopteris cl'assirlzizo'1lla. a. Uredospores in water. The 

Tight end one is germinating. h. MatUl'e teleutospores in face view when 

they nre germinating. c. Prnt of a uredosol'us in face view showing 

structures of the pseudoperidium. d. Basidiospores. e. Young teleuto­
spores. 

Fig.1;'i. ]f. sub levis. a. Uredospores. h. Teleutospores in sectional view of the host 

tissue. c. Teleutospores in sectional view of the host tissue showing 
double layers of spores. 'd. A promycelium and basidiospores. 

Fig. 16. Hyalopsol'a aC111~ata. a alld e. Teleutospor€s in host epidermal cells. a. 

Face view. e. Sectional view. b. UredospOl'es in wet and dry states. 
c. A part of the pseudoperidium of a uredosol'us in face view. d. Sec­

tional view of the pseudoperidium. 
Fig. 1 i. i'ipcrmatiophores and "flexuous hy~hae" of various species of the fern l·nsts. 

a. Spermatiophores of f!.redinopsis StJ·uthiopte1'idis. in a spermogolliulll 

on Abies MaY1'iana XXII,. x 560. b. Sperlllatiophol'es of U. Woodsiae 
in a sperlllogoniulll on A. MaYl'iana XVIIIs. x 560. e. Spel'matiophores 
of U. Ka1lleiana in a spel'mogoniulll on A. Mayriana VIIIo. x 560. d. 
Spermatiophores and a "flexuous hypha" in a spel'mogonium of U. ossaei­
/o1'1l1is on A. Mayriana collected at Morap in July 1932. x 560. e. 
Sperll1atiophores and "flexuous hyphae" in a spermogonium of U, inter­
nuclia on A. MaYl'iana Xu. x 575. f, Spermatiophores and a "flexuous 

hypha" in a spermogonium of Milesina Dryopteridis on A. Mayriana IIIH • 

x 575. g. Spermatiophores and "flexuous hyphae" in a spel'mogonium of 

J1. e:cigua on A. Jl1aYl'iana XIIo. x 575. h. Spermatiophores and "flexuous 
hyphae" in a spermogonium of M. It6ana on A. Mayriana II",. X 575. 

i. Spel'matiophores and "flexuous hyphae" in a sperll10gonium of M. 
jezoe1!sis on A. Mayriana XVlIIlO• X 575. j. Sperll1atiophores and 

"flexuous hyphae" in a sperlllogonium of M. Miyabei on A. Mayrialla 
XIIIs. x 575. k. Spermatiophores in a spel'mogoniull1 of M. sublevis on 

A. Mayriana X 7 • X 560. 1. Spel'matiophol'es and "flexuous hyphae" in a 
spermogoniulllof M. sublevis on A. Mayriana X 7• x 240. Ill. Spermatio­
phores in a sperlllogonium of Hyalopso1'a aculeata on A. 1llayriana XXII,,_ 
x :')60. 
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