


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

By 

Senji Kamel 

(With Plates I-VII :mcl 7 Text-figures) 

1. INTRODUCTION 

Among rust diseases of Abies, a group of species, which have their 
antithetic phases parasitic on ferns, is of great interest from the scientific 
as well as economic point of view. By the color of the spores in fresh 
condition these rusts are divided into two groups, namely, the white and 
the colored ones. To the former group belong the species of either the 
genus Uredinops1's or Milesina, while to the latter those of the genus 
Hyalopsom. Owing to their parasitism on ferns and firs, the genera are 
usually considered to be the most primitive and ancient forms of rusts 
(BARTHOLOMEW, 1916, ARTHUR, 1924, F'AULL, 1938 b), and heteroecism 
is considered to have originated from these groups (DIETEL, 1904 and 
1918, Moss, 1926). Consequently they have supplied a fertile field of 
study for problems from, the pure .mYcological point of view. 

The firs, whose needles are usually infected, though rarely the stems 
also, often suffer great damage. They are sometimes ultimately killed 
especially when the plant is young. In Hokkaido,- ABies Mayriana 
MIYABE e't KUDO and A. sachalinensis FR. SCHMIDT are widely distributed 
constituting the most important forest trees. In these forests, are found 
numerous species of ferns, some of which frequently make the dominant 
constituents of their undergrowth. The firs infected by fern rusts 
especially having the white-spored peridermia are found not only in 
mature trees but also in small seedlings that grow on the primeval forest 
floor or in nursery beds. Accordingly to investigate the taxonomy and 
the life history as well as the injurious effects of these rusts is one of the 
most interesting studies from the pathological point of view. 

[Jour. Facul. Agr., Hokkaiclo Imp. Univ., Sapporo, Vol. XLVII, Pt. 1, March, 1940] 
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The investigation, however, is exceedingly perplexing in the 
following respects: viz., the proper taxonomic treatment of some aberrant 
forms and the discrimination among the species of the white Peridermi1lm 
that live, often simultaneously, on the leaves of one and the same species 
of Abies. To overcome such difficulties it was necessary to repeat the 
culture experiments and to make careful comparisons or sometimes to 
compare them \vith some authentic foreign materials of nearly related 
species. Up to the present time, several special reports concerning the 
present subject have been published by the writer, but a more com­
prehensive one to coordinate them, together with other various new data 
is now needed for the complete explanation of the nature of the parasites 
and the diseases caused thereby. 

The present report contains the results of the writer's personal 
observations on the life history of each of sixteen fern rust species, and 
also comparative studies regarding their peridermial phases as well as 
economic considerations on some of them. 

This work has been done mainly during a long stay in the Phyto­
pathological laboratory of the Faculty of Agriculture under the direc­
tion of Professor SEIYA ITo to whom the writer wishes to express his 
sincere thanks. To Professor Emeritus KINGO MIYABE the author is 
especially indebted for his constant kind help and criticisms, without 
which this work could not have been brought into this form. To Pro­
fessors Emeritus YOSHINAO NUJIMA and OTOKUMA SHISHIDO and Pro­
fessors HIROKICHI NAKAsHIMA and YOSRIO SATO in the Forestry Institute 
the writer is indebted for their encouragement and help. To Professor 
YOSRIRIKO TOCHINAI and Assistant Professor 'rEIKICHI FuKUSHI the 
writer is indebted for their kind help and advice. To Professor Emeritus 
JOSEPH CHARLES ARTHUR of Purdue University, Professor JOSEPH 
HORACE FAULL of the Arnold Arboretum, Harvard University, Professor 
Emeritus SHUNSUKE KUSANO in the Tokyo Imperial University and 
Professor NAoRIDE HIRATSUKA of the Tottori Agricultural College, the 
author is greatly indebted for their kindness in sharing their valuable 
specimens. The writer also acknowledges the courtesies of the following 
persons, Assistant Professor KYOJIRO SHIMAKURA and Mr. KANEO HINO 
of this University, Mr. GEN TAZoE in the Taihoku Imperial University, 
Messrs. YASUSHI HARADA and SAKUO TSURUTA in the Imperial Govern­
ment Forest Office, Mr. TAKESHI YAMAGUCHI in the Hokkaido Govern­
ment, Mr. TAMoTsu AIZAWA in the Government of Japanese mandate in 
Southern Islands and Mrs. Dr. YASU IGUCHI (nee HOMMA). 
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germination of the teleutospores which usually occurred on the discolored 
portions of the affected fronds. As soon as germination was detected, the 
material with the fresh basidiospores was merely placed directly upon the 
fascicle of the needles of fir seedlings which were beforehand sprayed 
with water thoroughly and then covered with a bell-glass, the inside of 
which was lined with wet blotting paper. . Sometimes these pots were 
placed inside of a large wooden case, the bottom of which was lined with 
moist sphagnum moss, and the case was covered with a lid after the 
inoculation. Two to three days after the treatment the pots were trans­
ferred to a cool place and well-watered. The fir seedlings used for the 
experiments were usually potted before winter. They were mostly about 
four to five years old (rarely two years old) which were transferred 
from the bed of the University nursery where fear about pre-infection 
was practically nil. Control plants were sometimes provided. 

These inoculation experiments were conducted in the greenhouse, 
out-of-doors under shade, and in the corridor inside of the laboratory 
building. The temperatures inside of the laboratory during the day 
time at the periods of the various inoculation experiments were recorded 
to be 14°-19°C. That of inside of the greenhouse during the periods 
of experiments fluctuated from 50 -8°C to 30°-34°C. The temperatures 
of the outdoors and corridor were not recorded. In the inoculation 
experiments with the aecidiospores, the inocula were mostly obtained 
from the peridermial sori derived from artificial inoculations, but some­
times they were also obtained from the field, in which cases they were 
beforehand carefully inspected and accurately identified. 

For the manner of the inoculations of aecidiospores and uredospores 
(incl uding amphispores) , two methods were adopted. In the first 
method, the ferns to be inoculated were usually transferred from the 
field into pots or fore garden before winter and the inocula were smeared 
by means of a clean needle on the under surface of the pinnae· of the 
ferns. They were 'then covered with a bell, glass, the inside of which 
had beforehand been wet with moistened paper. Sometimes a large 
wooden case was also used. After the treatment the pots were trans­
ferred to a cool place and well-watered to watch for the results expected. 
The second method may be called the "Petri dish method" which has 
already been explained in detail by CLINTON and MCCORMICK (1924). 
In the writer's practise, the inocula were transferred onto fresh pinnae 
cut from the healthy potted fern plants or in the field. They were 
previously washed carefully with distilled water to remove dust and 
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DE WALDH. OLIN TON and MCOORMICK (1924, p. 477) advising their 
improved lI].ethocl with Petri dishes, said concerning the light condition 
that exposure to diffused light is less good than leaving in the direct 
sun light, there being- advantage in overcoming the trouble with molds. 
The temperature in these experiments has already been hlentioned above. 
Here it is interestillg to refer to DORAN'S work (1919) which treated of 
several rusts and in which it was reporteel that in the germination of 
the aecidiospores of Cronarti1tn1, ribicola, the optimum temperature was 
12°0 and the maximum 19°0, while to the uredospores slightly higher 
temperatures were best suited. These grades of temperature agree re­
spectively very well with the writer's observations. Ooncerning the 
length of the period in which the inoculated fern lives in a Petri dish 
under optimum condition, OLINTON and MCOORMICK (1924) said "Not 
infrequently we have kept leaves green and alive for three or four 
weeks. , •. In one case a Ribes leaf, where a callus had formed and 
rootlets developed, remained alive for a couple of months." The writer 
also often found that the cut-off fern pinnae of Dryopteris crassiJ'hizoma 
and other species could be kept alive during two months or more under 
favorable condition. Ooncerning the "disadvantage and advantage" of 
this method CLINTON and MCCORJ\1ICK expressed themselves so fully that 
repetition in detail is not here needed. Briefly, in spite of the somewhat 
unnatural condition of the infected plants, the confirmations of the 
results of the aecidiospore and uredospore inoculations were in most 
cases sufficiently and accurately tested, because the incubation periods 
for the production of new sori were far shorter than the length of the 
alive condition of the fern leaves. Moreover, experiments by this method 
could be executed more easily and more concisely than by the pot method. 
ABE (1926) recognized similar merits of this Petri dish method when he 
made his inoculation experiments with Cronarti1tm qnerCU1tm (OOOKE) 
MIYABE and Phragmidinm Rosae-nmltiflorae DIET. referring CLINTON and 
MCCORMICK'S publication in 1924. 

1. Uredinopsis Adianti KOMAROV 

Historical review of the [ttngus. KOMAROV first collected this rust 
Jll 1896 on Adiantum pedatum L. in Manchuria and the specimen was 
distributed as Fungi Rossiae Exsiccati no. 278. Afterwards, KOMAROV 
(1900), SACCARDO (1902), SYDOW (1915), HIRATSUKA, f. (1927 c, 1928 d, 
1934 d and 1936 c), MIURA (1928), HIRATSUKA, f. and YOSHINAGA (1935), 
LIN (1937), FAULL (1938 b), and ITO (1938) published their taxonomic 
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studies. The life history has not been recorded except a short account 
made by the writer (1933). 

Personal observations. Rnsted fern. In the main island of Hok­
kaido, the rust has been collected only from Provo Ishikari. The first 
specimen that was found in our country, is that collected by Dr. NAOHARU 
HmATSUKA at Jozankei in November 1922. The "'Titer himself gathered 
materials for the cultural experiments from year to year at the northern 
foot of Mt. Teine near Sapporo. 

Uredospores. They push out from the small pustules as whitish 
masses. Usually the fresh spores are accompanied by a sticky substance, 
which was often observed under the microscope as shown in PI. VII, 
fig. 1 a. Recently FAULL (1938 b) also mentioned this fact and remarked 
that it reveals a surprising and distinctive character hitherto unknown 
in the genus Ureclinopsis. Germpores are situated similarly as in other 
species. 

Teleutospores. They are copiously detected just under the epi­
dermis especially on the under surface of the discolored lesions. After 
the usual treatment of overwintered material, masses of basidia and 
basidiospores ·were seen covering the discolored lesions within three to 
four days. The basidiospores were more or less globular, measured 
7.5-10.0,u across and were colorless having smooth epispore. 

Inoculations with basiclios]Jores. Among four pots of Abies 
jrlayriana and one pot of A. sachalinensis, successfully developed 
peridermia were gained in only one case as shown in Table 1. 

TABLE 1. Inoculations with basidiospores of U. A(lianti 

App. of I App. of 
EXll. Inocula Fir inoe. Date of sperm. aeeid. 

Remarks no. inoe. 
:Yo. of days 

Basidiospores on CanidaI'. Aecidia 
1.57 Ad. ped., 'Peine, A.M. Is ')fily 16, 19:;:5 16 25 issued very 

Noy. 22. 1924 abundantly (1) 

(1) In those cases where no mention is made about the method of cultures it was 
always the pot method. 

Inoculations with aecidiospores. 'Vith the aecidiospores obtained 
from.the experiments mentioned above two sets of back inoculations were 
made as shown in Table 2. Positive results were obtained only on 
Adiantum pedatwn, with negative results on each of five other ferns. 
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thick, densely but rather stoutly verrucose; aecidiospores colorless, 
globose, ovoidal to ellipsoidal, 16-28 X 13-26 fl; averaging 21.25 X 18.66 fl, 
finely but closely verrucose, one side partly almost smooth; walls color­
less, thin, up to 1 fl thick including tubercles (PI. VI, fig. a). 

II and III have already been described by previous investigators 
such as the SYDOWS (1915), HIRATSUKA, f. (1936 c) and FAULL (1938 b). 

Hosts and distribution: 
o and I. Abies Mayriana MIYABE et KUDO (Cultut'es)-in 

Japan (Hokkaido). 
II and III. Adiantum peclatum L.-in Japan (Shikoku and 

Hokkaido), Manchuria and Ussuri. 

2. Uredinopsis Athyrii KAMEl 

Historical review of the fungus. This rust was established by the 
writer after successful inoculation experiments proving its life history. 
The diagnosis of the complete cycle of the fungus was for the first time 
published in 1932 b. Recently HIRATSUKA, f. (1932 c, 1936 c), FAULL 
(1938 b) and lTo (1938) referred to it and stated that it is fOllnd from 

JIokkaido and Honshu of our country. 
Personal observations. Rusted fern. In Hokkaido, rusted speci­

mens of Athyrium Filix-foernina ROTH var. longipes HARA have hereto­
fore been collected from four provinces. Cultural materials for the 
sporidial inoculations were collected in August to November at the foot 
of Mt. Makkarinupuri in Provo Iburi, where many seedlings as ,yell as 
larger trees of Abies Mayriana grow .rather densely above the under­
growth of many species of ferns. 

Uredospores. The issuing of the spore masses was seen to take place 
even on specimens collected on Oct. 4 at Sapporo. 

Teleutospores. In the germination abnormally elongated basidia 
attaining up to 220 fl in length were found, though they were most com­
monly only 50 fllong (cf. PI. VII, fig. 2 e). 

Inoculations with basidiospores. Among a total fifteen seedlings 
belonging to three species of Abies, seven of A. Mayriana were success­
fully inoculated producing spermogonia and aecidia as shown in Table 3. 
Spermogonia and aecidia were abundantly harvested on A. 1Jlayriana 
IX, and Is. The distribution of the organs on the affected needles ii" 
shown in PI. II, fig. a. On some affected needles the parts where the 
spermogonia were produced were conspicuously constricted. 

Inoculations with aecidiospores. With the aecidiospores produced 
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rupturing at the apex; peri dial cells rather firmly combined, overlapping, 
polygonal to ellipsoidal, 24.1-51.5 X 11.3-25.7,u, averaging 36.80 X 17.64,u, 
with inner walls coarsely verrucose, 3-7,u thick including tubercles, with 
outer walls smooth, 1-3,u thick; aecidiospores colorless, ellipsoidal to 
subglobose, 12-24 X 10-20,u, averaging 18.18 X 16.15,u, minutely verrucose 
except a part where almost smooth; walls thin, 0.5-3.0,u thick including 
tubercles (PI. II, fig. a; IV, fig. b). 

Uredosori hypophyllous, subepidermal, pustUlar, 0.1-0.2 mm. across, 
scattered on yellowish to brownish discolored areas bounded by veins, 
especially near veins or marginal portions, sometimes on stipes, minute, 
round, covered with discolored epidermis; peridia colorless, delicate, 
more or less hemispherical, rupturing by a. central slit; cells more or 
less polygonal, 12.0-18.0 X 5.0-14.0,u, averaging 12.68 X 8.76,u; walls of 
peridial cells about 1,u thick, hyaline, smooth, overlapping; uredospores 
colorless, white in mass, pushing out in filamentary tendrils, short 
stalked, fusiform, clavate, ellipsoidal or obovoidal, sometimes beakless 
and flattened or rounded at the apex, sometimes with short beak, 2-5 ,it 

. long, 21-40XI0-15,u, averaging 29.73xI2.39/1; walls thin, about 1/1, 
very obscurely verrucose except two longitudinal ridges formed of 
minute papillae, apparently smooth in wet mounts; germpores in pairs 
near both ends (PI. III, fig. b; VII, fig. 2 a and b). 

Teleutosori on fronds of current season, amphigenous, mostly 
hypophyllous, on discolored areas of indefinite extent; teleutospores 
intercellular, mostly just under the epidermis, compactly aggregated or 
isolated, globose to subglobose, colorless, 16-37 X 13-25/1, 1-7 celled with 
vertical septa, mostly 2-4 celled; walls thin, l,u thick,. colorless, smooth; 
basidiospores subglobose, 7-11,u across, colorless, smooth (Pi. VII, fig. 2 c, 
d and e). 

Hosts and distribution: 
o and I. Ab1:es Mayriana MIYABE et KUDO (C1llt1tres)-in 

Japan (Hokkaido). 
II and III. Athyriu1n Filix-foernina ROTR val'. longipes HARA 

-in Japan (Hokkaido). 

3. Uredinopsis fiIicina MAGNUS 

Historical review of the fungus. This rust on Dryopteris Ph ego­
pteris C. CRR. was first described by C. NIESSL (MAGNUS, 1892) inter­
rogatively as a species of Protomyces. Afterwards, it was considered a 
species of Gloeosporiu1n (FRANK, 1880, SACCARDO, 1884, 1892, ALLE-
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SCHER, 1901) and of Uredo (WINTER, 1881). In 1892, MAGNUS establish­
ed the new genus Uredinopsis basing on this rust and considered it to 
belong to Phycomycetes and not to the rust. Three years later, DIETEL 
incorporated this species into Melampsoraceae. Since that time, it has 
been treated as a rust fungus by many mycologists such as SACCARDO 
(1895), DIETEL (1895, 1897, 1928), FISCHER (1904), HARlOT (1908), 
BUBAK (1908), LIRO (1908), TROTTER (1908), GROVE (1913), KLEBAHN 
(1914), SYDOW (1915), HIRATSUKA, f. (1936 c), FAULL (1938 b), ITO 
(1938) and others and is known to be widely distributed over the old 
continents throughout the northern hemisphere. In our country, the 
first publication of this rust was made by Dr. TOGASHI (1924) who had 
collected the specimens from Rebun Island, Hokkaido. According to 
the subsequent reports made·by HIRATSUKA, f. (1927 c, 1933 a), however, 
specimens were collected early in 1900 by Drs. YAMADA and HIRATSUKA 
respectively at Sapporo, and also by Drs. YAMADA and HANZAWA at 
Nikko in Honshu. HIRATSUKA, f. (1927 b, 1929 b, 1930 a, 1934 d, 1935a, 
1935 g, 1936" c) and HIRATSUKA, f. & YOSHINAGA (1935) made many 
collections of the present rust in the main island of Hokkaido, southern 
Saghalien, Honshu, Shikoku and Korea. NAGAI and SHIMAMURA (1933) 
collected specimens in Kunashiri of the Kuriles. So far as the writer 
is aware, however, no cultural life history study of this rust has yet 
been reported except that in the brief notes of the writer himself (1932 b, 
1933) . 

Personal observations. Rusted fern. While the host fern, Dryo­
pteris Phegopteris is. distributed widely throughout the island of Hok­
kaido, the rusted materials have been found only from six provinces. 
Among 29 specimens examined by the writer, the August collections 
counted 12, September gatherings 11, while the earEest collection in a 
season was that of July 17. The inoculation materials onto Abies were 
obtained at Mt. Makkarinupuri and Lake Shikaribetsu where the host 
fern is growing associated with Abies. 

Uredospores. Germination of the uredospores and position of the 
germpores were observed to be similar to those of the related species that 
have already been investigated. 

Amph1·spores. Observations on the germination of the amphispores 
of this rust were attempted by MAGNUS (1892) without success, but 
DIETEL (1895) made suggestions on its possible occurrence. If pIeces 
of overwintered affected leaves bearing amphisporic sori were laid 
moistened in a wet chamber, usually after about 24 hours, there was 
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obtained a powdery whitish mass of spores protruding from the apical 
fissure of the pustule as already shown by WINTER (MAGNUS, 1892). 
For experiment, with clean needles bits of the spore mass were trans­
ferred into small drops of distilled water that were placed on the under 
surface of a host frond which was placed inside of a Petri dish. After 
about a day, by inspection of these drops under the microscope it was 
found that a certain number of the amphispores had germinated by tube 
from each corner of the spores, and in one case it was seen that the germ­
tube had already branched into two small hyphae as shown in PI. VII, 
fig. 3 c. The writer was able to see one to three tubes emerging from 
separate germ pores of a spore though the total number of pores was not 
determined. In many spores of this condition, both germinated and 
intact, the epispores were stretched by the increment of the contents 
induced by the absorption of water and often many vacuoles were seen 
surrounded with plasma. These conditions of the spores have already 
been illustrated by MAGNUS (1892, PI. IX, figs. 3 and 4). It is very 
natural that he considered that the fungus was a Phycomycetes, because 
the features somewhat resemble the formation of the zoospores inside of a 
zoosporangium. Inoculation experiments with the amphispores thus 
obtained were performed in Petri dishes as well as with potted plants. 
The spore masses were smeared on the under surface of a fresh frond of 
Dryopteris Phegopteris by means of a clean needle. After 10-14 days, 
the primary uredospores appeared as shown in Table 5. So far as the 
successful inoculation experiments with the amphispores of this rust are 
concerned, there is no report up to this day excl',pt that of the writer. 
FAULL (1938 b, p. 7). said: ('A test that settled the matter in part was 

TABLE 5. Inoculations with amphispores of U. filicina 

Date of 
App. of uredos. 

Exp. no. Inocula inoc. Remarks 
No. of days . 

III. B 14' Amphispores Je. 2, 1923 + (f) Inoculated on Dryopteris 
on Dr. Pheg., Phegopteris in pot. 
Mt. Makkari. In greenhouse 
Aug. 28,1922 

" 15' "Ang.27,1923 May 16, Hl24 10 " 
" 19' " May 21. 1924 13 " 
" 17' " " 14 " 
" 21 Shikaribetsn. Jy. 7, 1930 14 Inoculated on 

Sept. 30,1929 Dryopteris Phegopteris 
in Pteri dish 
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eventually made by KLEBAHN (34). He sowed overwintered 'stylospores' 
of U. filicina on new leaves of their fern host in the spring." KLEBAHN 

(1916) had made such a test concerningU. Struthiopteridis but not COll­

cerning U. filicina. 
Teletdospores. A successful attempt to observe the germination of 

the teleutospores of this species was first performed by DIETEL (1895). 
According to the present writer's observation, the germination of the 
teleutospores inside of overwintered m·aterials occurred from the end of 
April to the latter part of May. In such a case, a stalk of the pro­
mycelium issued from each single pore on the upper wall of the cells of 
the teleutospores, and the length of the promycelia attained to 90 fl. 
The basidiospores measured 4.5-7.4 by 4.8-8.1p. 

Inoculations with basidiospores. According to the present experi-­
ments, as shown in Table 6, after the usual procedure of inoculations 
on 14 seedlings of Abies Mayriana and 1 of A. sachalinensis, the spermo­
gonia as well as the aecidia were produced on seedlings nos. H s, X s, 
Xs, IV10 and Xlho of Abies Mayriana. The aecidia were completely 
developed within 19-28 days. Usually after about a week to ten days 
the yellowish discolorations appeared. As shown in PI. II, fig. b, the 

TABLE 6. Inoculations with basidiospores of U. filicina 

App. of I App. of 
\ Exp. Inocula Fir inoc. Date of inoc. 

sperm. aecid. 
Remarks no. 

No. of days 

r. 14 Basidiospores A.M. II. May 21,1923 , 28 Greenhouse. o and 
on Dr. Pheg, abundantly cropped 
Aug. 29,1922, 

. Mt. Ma!,kari-
nupuri 

" 23 " " X. Jc. 2.1923 , 21 Greenhouse 

" 144 " Tei1l8, " XII. Je. 19,1927 22' - Laboratory 
Oct. 1926 

" 157 " Sept. 20,1927 " Xs Je. 4,1928 12 22Y " Aecidia scantily 
harvested 

" 183 " Sbikaribetsu, " IVlo Je. 3,1930 14 21 Laboratory 
Sept. 30, 1929 

" 191 .. .. XII,o Je. 7,1930 12 19 " 

discolored area, in which spermogonia were produced, was always more 
or less distorted. The aecidial cups on the other hand generally ap­
peared first on still green healthy looking portions. 
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Spermogonia on needles of current season, amphigenous, mostly 
hypophyllous, closely aggregated, isolated or often confluent, minute, 
numerous, inconspicuous, mostly between stomata of discolored and 
distorted stomatiferous areas, more or less elliptic in face view, margin 
rather sinuated, subcuticular, lenticular to inverted hemispherical in 
sectional view, 52.5-118.5 tl broad, 25.2-64.5 fl high, averaging 82.2 X 
48.1 fl; apical pore mostly slit-like, parallel to long axis of the needle, 
24-96 X 12-32 fl; spermatiophores unbranched, rather obclavate, septate, 
convergent; spermatia oblong or narrowly ellipsoidal, 4.8-6.4 X 1.9-2.4 fl, 
colorless, smooth (PI. II, fig. b; IV, fig. c). 

Aecidia on needles of current season, hypophyllous, in two rows on 
yellowish discolored areas, occupying a part or whole of the leaf, white, 
cylindrical, 0.18-0.35 mm. across, 0.8-1.3 mm. high; peridia colorless, 
firm, rupturing at the apex; peridial cells tetragonal to hexagonal, often 
rounded at margin, somewhat elongated vertically, slightly overlapping" 
28.8-48.3 X 14.5-25.7 fl, averaging 38.09 X 19.22 fl, with inner walls 3-6.u 
thick including tubercles, coarsely and distinctly verrucose, sometimes a 
little striated, with outer walls 0.5-1.0,u thick, smooth; aecidiospores 
colorless, globose to ellipsoidal, 12-24 X 10-22 fl, averaging 18.96 X 16.44 ,u, 
densely but finely verrucose except a part where almost smooth; walls 
thin, up to 2 fl thick including tubercles, colorless (PI. II, fig. b; VI, 
fig, c), 

II and III are as already described by previous authors such as 
FISCHER (1904), SYDOW (1915), HIRATSUKA, f. (1936), FAULL (1938 b) 
and ITO (1938). 

Hosts and distribution: 
o and L Abies MaYr/:ana MIYABE et- KUDO (C1/.ltures)-in 

.J apan (Hokkaido). 
II and III. Dryopteris Phcgopteris C. CHR.-in Japan (Hon­

shu, Hokkaido and Saghalien), Eastern Siberia, Ussuri and Europe. 

4. Uredinopsis hirosakiensis KAMEl et IIIRATSUKA, f. 

Historical review of the fungus . . The description of this rust on 
Thelypteris palustris val'. pllbescens was first presented by the writer 
(1932 b) based on the type material that was collected by Dr. NAOHARU 
HIRATSUKA at Hirosaki, a northern town of HOllshll of onr country. 
Recently Dr. NAOHIDE HIRATSUKA (1932 c,1935 a, 1936 c), junior author 
of this rust announced that seven provinces of Honshll, six of Hokkaido, 
two of Korea as ,yell as Ussuri may be listed as its localities. Very 
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collected at Kaributo in the Provo of Iburi and also in the vicinity of 
Sapporo. A collection from Provo Echigo gathered by Mrs. Dr. YASU 
IGUCHI (nee HOMMA) was also used. 

Uredospores. The pustules containing ordinary uredospores were 
comparatively large. They appeared near the veins or margins of the 
pinule and sometimes also on the stipe. The areas where these sori 
were found were discolored little at first but gradually changed into 
brownish patches. Whitish uredospores pushed out in a mass from an 
apical pore or slit or frequently from an irregular, sub-basal, lateral 
slit. Germ-pores were four in number, as shown in PI. VII, fig. 4 a. The 
uredospores measured by the writer were 25-53 X 11-19,u, averaging 
37.31 X 15.21,u. 

Arnphisl)Ores. The writer found that amphispores are generally 
seen on those specimens collected in the latter part of the season, but 
also once on the material that was collected on July 23rd by Prof. S. ITo 
in Provo Echigo, which is the earliest Ol1e among forty specimens ex­
amined. FAULL (1938 c) pointed out the prevalent production of 
amphisporic sori which so soon replaces that of ordinarJT uredosori. 
From the overwintered affected fronds, amphispores were obtained in 
pure masses by moistening tfie materials. 
walled and colorless, being whitish in mass. 

They were somewhat thick­
The contents of the spores 

in such a condition became turgid, vacuoles appearing abundantly. 
",Vith these amphispores the inoculation experiments on Pte1'idiwn host 
were successfully carried out producing ordinary uredospores after 11 
days as shown 111 Table 10. These experimental results proved the 

TABLE 10. Inoculations with amphispores of U. Kameiana 

Date of 
App. of ure<los. 

Exp. no. Inocula inoc. Remarks 
No. of days 

Amphispores on Inoculated on Pteridium 

III. B 22 Ptericlium aquilinum Je. 21,1933 11 aquilinum "var. japonicum 
var. japonicum, in Petri dish 
Nopporo, Oct. 1932 

autoecious life cycle of this rust, explaining' the fact that in the field" 
the affected fronds of the host fern are found year after year in the, 
same place where there is no tree of Abies near by. 'fhe 'writer observed! 
such a case repeatedly. 

Teleutospores. The portion of the diseased fern in which teleuto-
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spores occur was seen to be slightly shrunken. The "pores were mostly 
formed subepidermally in the lower surface of the frond, but sometimes 
also on the upper surface. Under certain conditions of the host plant, 
they seemed to be formed within a short period after the infection, 
because the writer once saw some number of newly formed telcutospores 
a week after the aecidiospore inoculation. Two to three days after the 
usual treatment of overwintered affected materials, the germination of 
teleutospores was indicated by a whitish film-like covering formed on the 
discolored portions. In this condition, the stalk of the promycelia was 
seen to attain to about 100,u in length, and the globular sporidia were 
seen to be abundantly form,ed measuring 7.5-11 X 6.5-7.5,u as shown in 
PI. VI I, fig. 4 d. 

Inoculations with basidiospores. For the inoculated plants, three 
species of Abies not indigenous to Hokkaido were used, namely, Abies 
holophylla MAXIM., A. nephrolepis MAXIlII. and A. balsamea MILL. besides 
A. Mayriana. As sho·wn in Table 11, among a total of 29 pots of 
seedlings of the four species of Abies used for repeated experiments 
through succeeding seasons, the writer obtained positive results in 22 
pots (12 pots of Abies jllayriana, 2 of A. holophylla, 1 of l1. nephrolepis 
and 7 of A. balsamea). In the case of A. Mayriana, the spermogonia 
appeared within 10-18 days and the peridermia within 20-25 days after 
the inoculations. Oil A. balsamea, which is common in North America, 
the period of the appearance of the spermogonia as well as of the peri­
dermia was longer than in the other species, at most two weeks longer. 
Moreover, the effect on the host needles affected was more disastrous 
showing more marked distortion of the diseased needles. In the case of 
Abies holophylla and A .. nephrolepis in the writer's experiments somewhat 
similar features were also observed but the degree was very slight. 

Inoculations with aeeidiospores. With the resulting aecidiospores 
obtained in the above described experimcnts on A. lJIlayriana V3, XIV4, • 

VH5 ,_ HIll, VIII13, A. balsamea VIl3 and A. holol)hylla III I3 , series of 
back inoculations were made on fronds of each of Pteridiu,Jn aquilinwll 
val'. japonic1lm as well as of 17 other species of ferns during several 
succeeding seasons. As shown in Table 12r in the case of the inoculations 

. with the aecidiospores on Abies Mayriana and A. holophylla, resulting 
uredospores issued respectively within 7-13 days after the inoculation 
both in the inoculated plants in pots and in.Petri dishes. 'But in the case 
of other species of ferns no resulting spores appeared, although in some 
cases some discolored lesions did appear on the inoculated portions. 
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peridial cells and the aecidiospores correspond exactly to those formed 
on the needles of A. Mayriana IlIl3 and VIa. 

Inoculations with the aecidiospores from the field. On July 3, 1934, 
at the Teshio Experimental Forest of our University, the writer found 
some white peridermia attacking the needles of an about one meter high 
seedling of A. sachalinensis. After returning to Sapporo, the writer 
by examining the peridermia could identify it with the rust in question. 
Inoculations with the aecidiospores were made at once. After 4-6 days 
from the treatment, the discolorations appeared and the first uredo­
pustule was observed after ten days in each of three dishes used (cf. 
Table 12, Exp. IV, 41). In July 1936, another specimen of the affected 
shoots of A .. sacha linens is which was collected in the Teshio Forest was 
handed to the writer by Mr. AIZAWA of the Hokkaido Government. 
After the identification of the spermogonia and the aecidia of the speci­
men as belonging to this species, inoculations with the accidiospores on 
Pteriditlm were immediately performed. The resulting uredospores ap­
pe"ared after 6-8 days (cf. 'fable 12, Exp. IV, 51). In this case, at the 
inspection of the inocula, some spores were found to have germinated 
about one day after the treatment, as shown in Figure 2. 

Comparison with the aecicl'ial phase of U. Pteridis. Aecidiospores 
on the second year needles of Abies grandis and A. lasiocarpa'in Western 
America were used by WEIR and HUBERT (1917) for successful infection 
experiments on bracken fern. ,They identified it as U. Pteridis. The 

. aecidial phase, however, was recognized by JACKSON(1918), BELL(1924), 
ARTHUR (1925), HUNTER (1927), FAULL (1929) and HUBERT (1931) as 
Peridermiwm pseudobalsame"illn. FAULL (1938 b) recently said that he 
inspected the materials of WEIR and HUBERT'S investigation under ques­
tion and came to the conclusion that the inocula was P. pseudobalsameum 
and the resulted uredospores' were those of U. Pteridis. Although the 
present writer had assumed our rust in question as similar to U. Pteridis, 
he WaS deeply impressed by the conspicuous differences in the morpho­
logical as well as the biological characters existing between WEIR and 
HUBERT'S aecidial phase and that derived from his own culture experi­
ments. Fortunately, through the generous courtesy of Professor J. C. 
ARTHUR the writer had a good opportunity to examine a part of the 
very specimen with which WEIR and HUBERT performed their inoculation 
experiments as well as a part of the type specimen of P. pseuclo­

balsarne1lrn. 
Just as FAULL (1938 b) has stated, the present writer also was able 
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TABLE 12. Inoculations with aecidiospores of U. Kameiana 

App.of 

Exp. Date of 
uredos. 

Inocula Fern inoe. Remarks 
no. inoe. No. of 

days 

II. 10 Aecidio· Ptericlium aquilinum Je. 21,1923 12 Planted pI. 
spores on val'. japonicum 
A. M. V. 

" 41 XIV. " Jy. 17,1924 10 Petri dish 

" 64 VII5 " Jy. 20,1925 - ;, Inoculated 
pI. decayed on 
Aug. 3 

" 101) " IIIll " Jy. 14,1931 7 Petri dish 
" 105 " VIII" " Jy. 4,1933 10 " 
" 106 " A. bals. " Jy. 17,1933 - " Inoculated 

IV,. pI. ,howed dis-
coloration on 
Aug. 3, but no 
spores 

" 107 " A. hcloph. 
III'3 " Jy. 14,1933 13 Petri dish 

" 108 " A.M. 
VIII,. " Jy. 17,1!l33 10 " 

" 10 " V. Matteuccia Stndhiopteris Je. 21,1923 - Potted pI. in 
green house. 
o bservution 
continued up 
to July 28 

" " Dryopteris Phegopteris " - Potted pI. in 
greenhouse 

" " Thelypteris palustris 
\'a1'. pubescens " - " 

" " Athyrium Filix-foemina 
val'. longipes " - " 

" 100 " IIIll Onoclea sensibilis Jy. 14,1931 - Petri dish 

" " Thelypteris palustris 
val'. pllbescens " - " 

" " Athyrium Filix-foemina 
val'. longipes " - " 

" " Mattellccia Strllthiopteris " - " 
" " Acliantum peclatllm " - " 
" " Dryopteris Phegopteris " - " 
" 105 " VIII,. " Jy. 4,1933 - " 
" " Osmuncla cinnamo11lea " - " 
" " Polystichum tripteron " - " 
" " Osmuncla japonica " - " 
" " Dryopteris crassirhizo11la " - " 
" " Athyrium acrostic/JOicles " - " 

IV.41a " A. sach., Ptericlium aquilinu11l Jy. 10,1934 10 " Discolora-
TeEhio, var. japon/cum tion occurred 4 

Jy. 3,1934 days later 

" 41b " " " 10 Petri dish 

" 41c " " " 10 " 
" 51 " A. sach., " Jy. 24,1936 8 " Uredo-

Teshio, spores in spore-
Jy. 26,1936 mass were secn 
T. Aizawa after 8 days 
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to observe spermogonia in the American specimens, though WEIR and 
HUBERT did not mention them. These spermogonia were sectioned after 
immersing the affected needle into warmed KOH solution for several 
hours. 'fhey ,yere distinctly unlike those obtained from the writer's 
own cultures as well as from the field collection mainly in the more 
sparsely grown and more immersed organ. That is to say the number 
of the spermogonia of the foreign material was about 10 per square 
millimeter, while in the writer's it was 11-22, averaging 17.3 per square 
millimeter. They were somewhat elongated vertically and rather utric­
ular in sectional view, and a little larger in size compared with the 
writer's. This sectional shape of the spermogonia was almost similar to 
the illustration by HUNTER (1927, fig. 2). The writer's own measure­
ment of the spermogonia was slightly larger than that mentioned by 
HUNTER (1. c.) for the type specimen of Peridermi'Um pseudobalsame'llrn 
and by FAUI,L (1938 b) for that of U. Pteridis, although they do not 
differ much with each other. 

In the characters of. the aecidium, wide differences were observed. 
'fhe most distinct difference was in the peridial cells. These cells of the 
American materials were much thicker in inner as well as in outer walls 
as shown in Fig. 3 ill this paper. In a previous paper, the writer(1930a) 
stated that the inner walls of the peridial cells of the aecidium of his 
culture measured 3-711, but further investigations showed that they were 
much thinner making them more conspicuous in difference from those of 
U. Pteridis. The markings of the cells were so very coarse and distinct 
that they could not be considered as conspecific, even at a g'lance, com­
pared with the writer's materials which were more delicately verrucose, 
as shown in Fig. 3 and PI. VI, figs. e, p, q and r. The shape and size 
of the peridial cells were .also not similar. Intermediate forms between 
peridial cells and the aecidiospores were also seen. They must cor­
respond to that form, which ARTHUR (1925) called by the term "pseudo­
spore." FAULL (1938b) described it under the designation of "spore-like 
bodies." Compared with normal aecidiospores they were larger in si7.e. 

As to the age of the affected needles of the American material, the 
writer would like to say that they are of the second year, because they 
are m nch harder and thicker than those of his own cultures. FAULL 
(1. c.) described them as of the "second to fifth year." 

In short, compared with the Peridermi1l1n of WEIR and HUBERT'S 
experiment, the writer's culture can not be regarded to be the same, 
mainly in respect to the morphology of the spermogonia as well as of 
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Fig. 2. Germinating aecidiospores of U. Kameiana on Ab·ies 
sachalinensis from Teshio. About 1 day after sowing. X 1035. 

Fig. 3 A. Peridial cells of the pel'idcrmium of U. Kameiana on 
Abies Mayriana VIII". B. Peridial cells of the peridermium of 
U. Pteridis Oll A. granc1is collected by WEIR. Left: Surface view. 
Right: Lateral view. x 1035. 

the peri dial cells, and also to the age of the affected needles. 
On tbe other hand, in the case of the type specimen of P. psetlclo­

balsamettm (labelled to have been collected by BLASDALE on June 4, 1896 
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TABLE 13. Inoculations with uredospores of U. Struthiopteridis 

App. of 

Date of 
ill·edos. 

Exp. no. Inocula Fern inoc. --- Remarks inoc. No. of 
days 

III. Al U redo spores Osmunda japonica May 24,1922 - Planted pl.. 
ouM.Struth., 
fl'. Cult. III. 
B.l 

" 2 " Dryopteris Phegopteris " - Potted pI. in 
greenhouse 

" 3 " Onoclea sensibilis Je. 2,1922 - Planted pI. 

" " Thelypteris palustris 
Val'. pubescens " - " 

" 5 " Dryopteris dilatata Je. 8,1922 - Potted pl. in 
val'. oblonga greenhouse 

" 6 " Matteuccia Struthiopteris " 14 " 
" 9 " fl'. Cult. 

II, 1 " Je. 12,1922 15 " 

reported an attempt to observe the germination of these amphispores. 
However, he was not successful except in only one case to see "eines 
noch sehr kurzen Keimschrauches" that was produced from the apex 
of the spore. In the spring of 1924, after sowing such spore masses in 
small drops of distilled water laid on the under surface of a partial 
frond of the host fern placed in a Petri dish, the writer saw some number 
of germinated amphispores after 24 hours as shown in PI. VII, fig. 5 g. 
The mode of the germination of the amphispores of thi.s species has not 
yet been recorded in detail so far as the writer is aware. Though 
repeated experiments were not performed, comparison with the ap­
parently similar case in U. filicina described above caused the writer to 
believe that such a mode of germination might always take place in this 
species. 

With the pure mass of the amphispores obtained as described above, 
inoculations were performed on the fronds of the host fern, resulting 
in the formation of uredospores aftCl" 12-19 days as shown in Table 14. 
KLEBAHN (1916) performed similar experiments in May of 1914, in 
which on the brownish spots that appeared on the inoculated portions 
he succeeded at length in obtaining primary uredospores. From this 
fact, he said that the fungus is not restricted to heteroecism but "erhiilt 
auch nul' wesentlich durch iiberwinterten Uredosporen." FAULL (1929) 
also remarked on this aspect. The present writer collected many speci-
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mens of the amphisporic stage On the fern host at places· where there 
were no trees of Abies near by. In such cases the perpetuation of the 
rust migh certainly occur by 11atural infections by means of amphi­
spores. 

TABLE 14. Inoculations with amphispores of U. Struthiopteridis 

Date of 
App. of uredos. 

Exp. no. Inocula inoc. Remarks 
No. of days 

III. B 1 Amphispores May 2,1922 17 Inoculated on potted 
oil. M. Strut h., Matteuccia Struthiopteri<; 
Kotoni. in greenhouse 
Oct. 1, 1921 

" 2 " May 7, 1922 15 " 
" .3 " May 19,1922 17 " 
" 4 " May 26,1922 12 " 
" 5 " May 3],1922 12 " 
" 6 " Je. 10, 1922 14 ... " 
" 7 " Je. 18, 19:!2 19 " 
" 13 " Nopporo, 

Oct. 22, 1922 
Je. 7,1923 13 " 

" 8 " May 17, 1923 16 Petri dish 

" 20 " Nopporo. May 19,1924 17 " 
Oct. 1923 

Teleutospores. As the teleutospores were mostly situated subepi­
dermally, the promycelia can easily push out of the surface of the fern 
frond. In such a case, the affected discolored areas were usually covered 
by the mass of basidia and basidiospores. In the present case, the 
former are elongated measuring 50-70 X 7-9,u and the latter, globular 
being 7.2-11.5 X 6.4-7.0,u in size. DIETEL (1895) stated that he had seen 
many branching promycelia. 

Inoc1llations with basidiospores. As shown in Table 15, among 22 

seedlings including three species of Abies, successful inf!'lctions were 
-·obtained on each of 12 seedlings of .i1. Mayriana, 2 of A. firma and 1 of 
.A. sachalinensis showing the resulting spermogonia after 9-15 days and 
aecidia after 17-24 days in the case of A. Mayriana. According to 
FRASER(1913) the spermogonia showed within 12-14 days and the aecidia 
within 19-21 days and the result was so· successful that he could add: 
"practically every leaf of the young shoots being infected." KLEBAHN 

(1916) stated that after the appearance of yellow speckles on the surface 
.of the affected needles the resulting peridermia issued after 23 days. 
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culations with the aecidiospores on the fern produced uredospores after 
25 days. FAULL (1938 c) in similar experiments obtained the first 
uredosori after 10 to 11 days which were harvested 13 to 28 days later. 

The description of the peridermial phase. of this species is as 
, follows:-

TABLE 16. Inoculations with aecidiospores of U. StTuthiopteTidis 

App.of 

Exp. Date of 
uredos. 

Inocula }'ern inoc. Remarks no. inoc. 
No. of 
days 

II. I Aecidio· Matteuecia .Te. 23, 1922 14 Potted pI. in 
spores on Str:uthiopteris greenbouse. 

A.M. II. Discoloration 
appeared 
10 days later 

" 13 " IV. " .Te. 21, 1923 13 Greenhouse. 

" 14 " " .Ty. 4, 1923 12 Petri dish 

" 73 " XXII. " .Ty. 20, 1926 12 " 
" 1 " IT. Dryopteris 'dilatata .Te. 23, 1922 - Planted pl. 

var. oblonga 

" " Dryopteris Phegopteris " - " 
" " Onoclea sensibilis " - " 
" " Thelypteris palustris " - " var. pubescens 

" 15 " IV. " .Te. 3, 1923 - Petri dh'h. 

" " Dryopteris Phegopteris " - " 
" " Pteridium aquilinum " - " var. japonicum 

" " Athyrium Filix·foemina .Ty. 4, 1923 - " 
var. longipes 

" 69 " II. Athyrium Vidalii .Ty. 10, 1926 - " 
" " Pteridium aquilinum .Ty. 10, 1926 - " 

val". japonicum 

Uredinopsis Struthiopteridis STORMER in Bot. Notiser, 1895, p. 81. 
Syn. Uredinopsis Struthiopteridis STORMER in ARTHUR, North Amer. 

Flora VII, p.116-117, 1907; p.p.; Manual Rusts United States & Canada, 
p. 4, 1934, p.p.; SYDOW, Monogr. Ured. III, p. 485, 1915, p.p.; HIRA­
TSUKA, f., Monogr. Pucciniastreae, p. 58, 1936, p.p. 

Uredinopsis rnirabilis (PECK) MAGNUS in RHOADS, HEDGECOCK, 
BETHEL and HARTLEY in Phytopathology VIII, p. 333, 1918, p.p. 

Spermogonia on needles of current season, hypophyllous, minute, 
numerons, inconspicuous, irregularly and densely scattered on discolored 



- 40 SENJI KAMEl 

areas, mostly situated on interstomatal spaces of the stomatiferous sur­
face, mostly isolated, sometimes confluent, elliptic, circular to polygonal 
in face view, often irregularly margined, honey yellow in fresh condi­
tion, in sections subcuticular, slightly raised, superficial, often depressing. 
the epidermis or even the tissue beneath, flattened conoidal to hemi­
spherical, 69.3-129.5 X 29.3-74.0fl, 97.2 X 59.8fl in average; apical pore 
slit-like, parallel to the longitudinal axis of the needle, 32-120 X 8-32fl; 
spermatiophores unbranched, obclavate,' septate, convergent; spermatia 
oblong, 4.1-6.4x1.5-2.1fl, colorless, smooth (PI. IV, fig. g; VII, fig. 17a). 

Aecidia on needles of current season, hypophyllous, arranged in 
two rows on yellowish discolored stomatiferous areas, white, cylindrical, 
0.5-1.0 mm. high, 0.19-0.32 mm. across; peridia colorless, rupturing at 
the apex; peridial cells slightly overlapping, rhombic to hexagonal, 
rather fragile, 17.6-36.8 X 9.6-20.0 ,u, mostly 32.0 X 17.6 ,u, inner walls 
2.0-3.0,u thick including tubercles, regularly and finely verrucose, outer 
ones comparatively thin, 0.3-0:5 fl smooth; aecidiospores colorless, more 
or less globose, 18-28 X 14-24fl, averaging 22.73 X 20.14fl, closely ver­
rucose except a part where almost smooth; walls colorless, thin, 1-2 fl 
thick including tubercles (PI. II, fig. e; IV, fig. g). 

II and III are as described by previous authors such as DIETEL 
(1895), SYDOW (1915), HIRATSUKA, f. (1936 c) and FAULL (1938 b). 

Hosts and distribution: 
o and I. Abies M ayriana MIYABE et KUDO (C1tlttwes), Abies 

sachalinensis FR. SCHMIDT (Cultu.res) and Abies firma SIEB. et Zucco 
(C1lltures)-in Japan (Hokkaid6). 

Abies alba MILL. (Cnlt1tres)-in Germany. 
Abies balsamea MILL. (C1tltures and field)-in Nova 

Scotia. 
II and III. Matte1ICcia Struthiopteris TODARo-in Japan 

(Honshu, Hokkaid6 and Saghalien), northern, eastern and southern 
Europe, eastern and central North America. 

7. Uredinopsis Woodsiae KAMEl 

Historical 1'eview of the fungus. This was first described by the 
writer (1932 b) after finishing experiments on its genetical connection. 
HIRATSUKA, f. (1932 c, 1936 c) noted his collections of this rust in 
Hokkaid6, Southern Saghalien and Honshu. Recently he (1936 c) 
redescribed this fungus adding another new host fern. FAULL (1938 b) 
and ITO (1938) recently mentioned this rust. 
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o and 1. Abies Mayriana MIYABE et KUDO (Cultures )-in 
Japan (Hokkaido). 

II and III. Athyrium acrostichoides DIELs.-in Japan (Hon­
shu and Hokkaido). 

Athyrium pter-orachis H. CHRIST-in Japan 
(Hokkaido) . 

9. Uredinopsis ossaeiforrnis KAMEl 

Historical review of the fungus. This species and its complete life 
cycle were first described by the writer in 1932 (1932 b). HIRATSUKA, 
f. (1932 c, 1935 a, 1936 c) made notes and a description mentioning its 
distribution in Hokkaido, Korea and the Maritime Province of Siberia. 
NAGAI and SHIMAMURA (1933) reported the collection of the species from 
the Kuriles. FAULL (1938 b) and ITo (1938) respectively have made re­
descriptions of this rust in recent days. 

Personal observations. Rusted ferns. In the main island of 
Hokkaido, both species of the host ferns, Dryopteris dilatata GRAY 
val'. oblonga TAKEDA and D. monticola C. CHR. are distributed widely 
(MIYABE and KUDO, 1930). HIRATSUKA, f. noted collections from the 
four provinces of Ishikari, Iburi, Tokachi and Kitami, and here may be 
added Provo Kushiro as a new locality in Hokkaido. Most of the 
materials used for the basidiospore inoculations were collected at Mt. 
Makkarinupuri and also at Nopporo where Abies Mayriana is found 
growing abundantly. Most of the inoculations were made with the 
basidiospores issued on the affected frond of D. dilatata var. oblonga, 
but sometimes also with those from D. monticola. 

Mycelia. They are intercellular and about 4,u in thickness having 
colorless contents. Often they are seen to be somewhat tubercular at 
the portions where they are in touch with the surface of the host cells 
of the mesophylI. They are septated and branched. In the fixed 
materials of the affected fern in a week solution of Flemming's fiuid, 
the writer found 'some botryose masses of hyphae inside the host cells 
as shown in Fig. 4 a. He was inclined to consider them as the haustoria 
of this rust. A somewhat similar mass of the mycelia in Milesina 
polypodophila has already been illustrated by Moss (1926). -

UredOSOrtlS. The general structure of the pseudoperidia of 
uredosorus and peri dial cells and the mode of development of the 
uredospores were seen to be not different from the cases of other species 
of Uredinopsis as is shown in PI. VII, fig. 8 d and e. 





50 SENJl KAMEl 

35 k to PI. XVII, 29 m). The line of boundary was rather inconspicuous 
but occasionally clearly represented by transverse ridges against the 
longer axis of the needles. A.fter the appearance of two or more of 
these spots on a needle they gradually united and often ultimately ex­
tended to the whole surface of the needle but sometimes were limited 
near apex of the leaf. 'l'he discolored parts were shrunken and eventual­
ly became reddish brown (Cinnamon brown, RIDGEWAY, 1. c. PI. XV). 
These decolorations mentioned above were noted in Abies sachalinensis 
16 after 13 days from the inoculation. When the decoloration became 
very obvious, the spermogonia began to appear about two weeks after 
the inoculation. They were so inconspicuous as to be visible only by 
the use of hand lens. They could be located by the exudation of a 
honey drop at each ostiole of the spermogonia. They were always 
hypophyllous and appeared on the stomatiferous surface. They were 
especially abundant at the apex of the needles and often some young 
leaves bore them on the entire surface. Within about three weeks the 
aecidial sori appeared intermingled with the spermogonia on the yellowish 
discolored areas or even on apparently healthy portions. 'rhe number 
of spermogonia per leaf was counted to be 5-19 while aecidia were 4-18. 
One of the abundantly infected seedlings is shown in Pl. I, fig. a. Such 
abundance of infection must surely be attributed to the profuse number 
of teleutospores that often occur in the case of the rust of the genus 
Ureclinopsis which is devoid of amphispores. 

Concerning the incubation period especially in regard to the pro­
duction of the mature aecidial cups, considerable diversity was observed 
according to the plants experimented. That is, as shown in Table 22, 
among 16 seedlings of Ab1'es Mayriana, in the Nos. 12, IIIz, IV 2, 13 , 

XII4, XIX4, VI", the aecidia appeared about three weeks after inocula­
tion. But in the case of such seedlings as Abies Mayriana VIT2, VIII2 , 

16, XXIII(l, XXIVG, and VIn , the periods were much longer, being 4-5 
weeks or more. Perhaps these delayed appearances must be attributed 
to the conditions of the host inoculated. 

Inocnlations with the aecicl1:ospores gained from CUlt1lTCS. As shown 
in Table 23, after the inoculation on the frond of the proper host fernl'l 
the resulting uredospores appeared after 12-21 days, while in the cal'lel'l 
of other ferns, on each of which the related species are parasitic in the 
field, inoculations ,,-ere all unsuccessful. In germination of the aecidio­
spores in these cases it was observed that the germ-tubes extended up 
to 350 III in length. 
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IV.24b Ae.cidiospores Athyrium pterorachis Jy. 15,1933 Petri dish. 
on A.M. Removed on 
Tomakomai, Aug. 1 

Jy.10,1933 

Dryopteris crassirhizoma 

" 25a "Jy. 22,1933, Dryopteris dilatata Jy. 27,1933 24 " When ex-
Shigeji Ito var. oblonga. amined it 

was already 

" 26a "Lake matured 

Shikotsu, 
Jy. 10,1933 27 Petri dish , 

"b Aug. 5,1933 25 

"C 25 

"d Dryopteris crassirhizoma " Removed 
on Aug. 22 

"e Athyrium acrostichoides 

" 52 "Nopporo. Dryopteris dilatata 
Jy. 22,1936 var. oblonga Jy. 27,1936 12 

The description of the present species is as follows:-

U]'edinopsis ossaeiformis KAMEL in Trans. Sapporo Nat. Hist. Soc. 
XII, p. 167, 1932. 

Syn. Uredinopsis obtusa TRANZSCHEL in HIRATSUKA, f. in Memoirs 
Tottori Agricul. ColI. IV, p. 80, 1936. 

Spermogonia on needles of current season, hypophyllous, minute, 
rather few, sparsely scattered in two rows on yellowish discolored 
stomatiferous areas, sometimes on the marginal portion, inconspicuous, 
honey yellow in fresh condition, usually separate, sometimes closely 
attached to each other, ostiole mostly central, sometimes peripheral, in 
sections subepidermal, deeply seated, subspherical to spherical, 192.5-
270 fl broad in transverse section, 150-259 fl broad in longitudinal section, 
100-241,u high; apical pore a stoma or short slit, parallel to long axis 
of the needles, 18-30 fl across; spermatiophores unbranched or branched, 
septate, convergent toward the central cavity, producing spermatia in 
chain; spermatia hyaline, unicellular, narrowly ellipsoidal, 3.6-6.6 
X 1.2-2.3 fl, smooth, colorless (PI. II, fig. h; IV, fig. j; VII, fig. 17 d). 

Aecidia aIhphigenous, mostly hypophyllous, on needles of current 
season, intermixed with spermogonia, scattered in two rows one on each 
side of the midrib, on more or less discolored areas, occupying a part 
or whole surface of the affected needles, 4-18 per needle, white, cylindri­
cal, 0.2-0.5 mm. across, 0.5-1.1 mm. high, deeply seated, up to two-thirds 
of the thickness of the needles; peridia colorless, firm, rupturing at 
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the apex; peridial cells slightly overlapping, tetragonal to hexagonal, 
often cuneate to oblong, 25.6-43.2,11 long, 11.2-27.2,11 broad, averaging 
33.64 X 20.02,11; inner walls densely and finely verrucose, incompletely 
striated, 1-3,11 thick including tubercles, outer walls smooth, 0.5-1.0,11 

I 

thick; aecidiospores colorless, ellipsoidal to subglobose, 16-31 X 14-23,11, 
averaging 23.40 X 18.40,11, minutely and closely verrucose except a part 
where almost smooth; walls up to 1.5,11 thick including tubercles (PI. VI, 
fig. h). 

Uredosori hypophyllous, occasionally on stipes, subepidermal, 
scattered or loosely grouped on yellowish to brownish discolored areas 
of indefinite extent, rather abundant near veins or margins, covered 
with discolored epidermis, roundish, minute, 0.15-0.3 mm. across, ruptur­
ed by a eentral stomatic pore; peridia colorless, hemispherical or 
flattened conoidal, firm; peridial cells small, irregularly polygonal above, 
elongated at sides, 6.0-22.0 X 5.5-15.0,11, averaging 13.20 X 9.39,11; walls 
of peridial cells colorless, smooth, about 1,11 thick; uredospores colorless, 
white in mass, short-stalked, bone-shaped to narrow fan-shaped, rarely 
oblong to subglobose, the apex truncated, projected or rounded, wider 
than below, 27-44 X 13-26,11, averaging 35.39 X 17.14,11; walls colorless, 
about 1.5,u thick, thicker at angles, about 3,11, smooth; colorless (PI. III, 
fig. i; VII, fig. 8a,d and e). 

Teleutosori on fronds of current season, amphigenous on discolored 
areas of restricted or indefinite extent; teleutospores intercellular, mostly 
aggregated just under the epidermis and continuous, often grouped 
around the uredosori, rarely scattered in the mesophyll, globose 
to ellipsoidal or pyriform, 1-8 celled, mostly 2-4 celled, divided by 
vertical septa, 19-33 X 16-30,11 averaging 30.4 X 25.7,11; walls colorless, 
smooth, thin, about 1,11 thick; basidiospores subglobose, 7.7-9.2 X 5.5-7.4,11, 
colorless, smooth (Fig. 4 a and b; PI. VII, fig. 8 b, e and e). 

Hosts and distribution: 
o and 1. Abies Mayrian.a MIYABE et KUDO (Cultures and 

field), Abies firma SIEB. et Zucco (Cultures) and Abies sachalinensis 
FR. SCHMIDT (Cldtures)-in Japan (Hokkaido). 

II and III. Dryopteris dilatata A. GRAY val'. obtonga TA!l:EDA 
-in Japan (Hokkaido, Honshu and Korea). 

Dryopteris monticoZa C. CHR.-in Japan (rIok-
kaido) . 

Dryopteris amurensis C. CHR.-Maritime 1'ro-
vince of Siberia. 
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B. TIME OF APPEARANCE OF ORGANS 

The appearance of organs in the life cycle of any species of 
Uredinopsis, if the environmental factors are alike and the develop­
mental process is normal, may probably differ according to species or 
group of species each to represent characteristic features. Data con­
cerning the time of the appearance of each organ which were observed 
in cultural studies are presented below.' 

1. Basidiospores. The inocula used for the successful basidiospore 
inoculations on Abies to produce spermogonia and aecidia must contain 
some vigorous basidiospores when the experiments are made. So, it 
may be admitted that the date of the successful inoculation must 
correspond to the date of the appearance of the fresh basidiospores. 
FRASER (1913, 1914) mentioned that the dates of his inoculations with 
basidiospores on Ab'ies balsa'lltea were May 13 and 28 (1912) with U. 
Stndhiopteridis; May 26 (1912) with U. Osrnundae; May 27 (1912) with 
U. Phegopteridis and May 13 (1912), May 15 and May 16 (1913) with 
U. americana. KLEBAHN (1916) inoculated with the basidiospores of 
U. Struthiopteridis on Abies alba on May 11 (1914). From FAULL'S 
similar experiments (FAULL, 1929, 1938 c) concerning U. Stndhio­
pteridis, U. americana, U. longimucronata FAULL, U. Phegopteridis, 
U. Osmundae and U. ceratophora FAULL, we deduce the limits of the 
date of inoculations to be from June 10 to July 7, which is rather 
later in season than the dates of previous investigators. 

According to the writer's experiments with nine species of 
Uredinopsis similar results were obtained as shown in Table 24. 
Summarizing these results, it may easily be seen that the appearances 
of the basidiospores are loosely concluded to be made in the period 
between May to June and that May 16 to JU\le 8 in the average range. 
These dates of inoculations also correspond with those of the unfolding 
of the needles of smaller seedlings of Abies in Hokkaido. However, in 
the case of the larger trees, especially represented by some trees planted 
in the arboretum of our University and observed on the unfolding of 
the new needles (cf. Table 25), it was rather later than in the cases of 
the small seedlings. This condition may explain one of the reasons why 
the infection on Abies in the field is somewhat delayed in comparison 
with the case of artificial inoculations using smaller seedlings. 

2. Spermogonia. Concerning the dates of the appearance of the 
spermogonia of a Uredinopsis, FRASER (1913, 1914) published that they 
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TABLE 24. Time of appearances of basidiospores, spel'mogonia, and aecidia 
of nine species of Uredinopsis 

Basidiospores Spermogonia Aecidia 
Species 

Range Average Range Average Range Average 

U. Adianti May 16 May16(1)* Je.1 Je. 1(1) Je.10 Je.100) 

U. Athyrii May26-Je. 5 Je.1 (7) Je.9-Je.19 Je.15(5) Je.19-Jy. 1 Je.24(5) 

U. filicina May21-Je.19 Je.5 (6) Je.16-Jy.19 Je.lS(3) Je.1S-Je.26 Je.23(4) 

U. hirosa-
kiensis May24-J e.l 2 Je.4 (9) Je.9-Je.22 Je.14(3) Je.13-Jy. 1 Je.25(7) 

U. Kameiana May26-Je.9 Je. 3 (22) Je.5-Jy. 5 Je.16(1l) Je.16-Jy.ll Je.24(9) 

U. Struthio-
pteridis May20-Je.30 Je.5 (16) Je.4-Je.29 J e.10(9) ** Je.10-Jy.15 J e. 29(11)** 

U. Woodsiae Je. 4-Je. 9 Je. S (5) Je.18-Jy. 1 Je.20(2) Jc.25-Jy. 1 Je.2S(2) 

U. intermedia May2S-Jc.16 Je.6 (7) Je.7-Jy. 1 Je.19(6) ** Je.1S-Jy.10 Je.30(6)** 

U. ossaei-
{ormis MaylS-Je.24 Je.5 (20) Je.4-Je.26 Je.15(9) ** Je.lD-Jy.30 Jy.l(14)** 

Extreme May16-Je.30 May16-Je.8 Je.l-Jy.19 Je.1-Je.20 Je.lD-Jy.30 Je.lD-Jy. 1 limits 

* Number of appearances of each organ from which average dates are obtained. 
** Cases regarding Abies Mayriana only were considered. 

TABLE 25. Dates of unfolding* of needles of Abies in the field , 

Trees/year 1931 1932 1933 1934 1935 Average 

Abies homolepis** Je. 4 May 30 Je. 12 Je. 9 Je. 6 Je. 6 

A. firma** Jy., 10 - Je, 12 - Je. 20 Je. 24 

A. Mariesii** - Je. 10 May 29 Je. 9 May 30 Je. 4 

A. Mayriana** Je. 20 - May29 Je. 16 May 30 Je. 10 

A. sachalinensis*** - Je. 10 - - - Je. 10 

* The unfolding here means the entire unfolding of the fascicle of needles which 
occurred 5-25 days after the breaking of bud scales. 

** 

*** 

The trees were planted in the open areas of the arboretum' and attained a few 
meters in height in 1936. 
The trees were plauted in the shady part of the arboretum and died in 1932 
so that observations could not be continued. 

were May 27 and June 9(1912) with U. Struthiopteridis; June 10(1912) 
with U. Osmundae; June 12 (1912) with- U. Phegopteridis and May 23, 
May 25 and May 27 (i913) with U. amfJricana. From FAULL'S experi­
ments (1938 c) the dates of the appearances of spermogonia of five 
species in .American Uredinopsis may be computed to have occurred 
from June 24-J uly 19 in total range. .According to the writer's experi-
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July 8, 1912 (two cases), in U. Atkinsonii on July 10, 1912, and in 
U. americana on July 5, 8 and 10, 1912 and June 21 and 24, 1913. 
KLEBAHN (1916) obtained the uredosori of U. Struthiopteridis on June 
6, 1914 after similar experiments. From FAULL'S records (1938 c) con­
cerning five species of Uredinopsis mentioned above, we may compute 
that the uredosori of these species issued from July 18 to August 13 
in outside range. According to the writer's experiments the dates of 
the appearances of the uredosori after the inoculation with the aecidio­
spores of the nine species of Uredinopsis were as shown in Table 26. 
The range of dates in these cases corresponds fairly well with the results 
reported from foreign countries. But in the cases of U. intermedia and 
U. ossaei/ormis the average dates of the appearances of uredosori were 
somewhat later. 

(b) From inoculations with amphispores. KLEBAHN (1916) in 
inoculation experiments with the amphispores of U. Struthiopteridis 
obtained uredosori on June 5, 1914. In the writer's cases, as shown in 
Table 27, the dates of the appearances of the uredosori from the similar 
inoculations were seen to range from May 20 to July 7. Compared with 
the experiments with aecidiospores, they were earlier. The cause may 
be the earlier date of the inoculation in the case of the amphisporic 
inoculations. 

TABLE 27. Dates of appearances of uredosori after inoculations 
with amphispores of four species of Ureilinopsis 

Species Range Average 

U. ftlicina May 28-J e. 21 Je. 6 (4) 

U. Kameiana Jy. 2 Jy. 2 (1) 

U. intermeilia Je. 22-Jy. 3 Je.28 (2) 

U. Struthiopteriilis May 20-Jy. 7 Je.13 (10) 

Extreme limits May 20-Jy. 7 Je. 6-Jy. 2 

5. TelentospMes. FRASER (1913) in his culture experiments with 
the aecidiospores of U. Struthiopteridis said, "teleutospores were present 
on July 30" 1912. FAULL (1938 c) said that the time seems not to be 
governed by the seasonal period; more likely it is determined by a 
nutritional influence in the lesions. FAULL (l.c.) has often found the 
teleutospores before midsummer has arrived. The writer also after 
inoculations with the aecidiospores of U. Kameiana on the fronds of 
the bracken fern detected teleutospores as early as July 3, 1923. 
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C. DEVELOPMENTAL PERIODS OF ORGANS 

1. Spermogonia from the inoculation experiments. From the 
record of FRASER (1913, 1914) the incubation periods for producing 
spermogonia may be calculated to be 12-14 days with U. Stmthiopteridis; 
15 days with U. Osmundae; 16 days with U. Phegopteridis and 8-11 days 
with U. americana. From about 260 experiments by FAULL (1938 c) 
concerning five species of UredinolJsis used for cultural study, one 
obtains the average range for producing spermogonia as 12-14 days. 
In the writer's own experiments with the nine species of Uredinopsis 
at hand, the spermogonia were obtained as tabulated in Table 28. 

TABLE 28. Developmental periods of spermogonia and aecidia of nine 
species of Ureilinopsis on Abies Mayriana. 

Spermogonia I Aecidia 

Species i'lo. of days 

Range Average Runge Average 

U. Adianti 16 16.0 (1) 25 25.0 (1) 

U. Athyrii 9-18 14.6 (5) 19-30 23.8 (5) 

U. filicina 9-15 12.6 (3) 19-28 22.2 (4) 

U. hirosa7ciensis 8-16 12.0 (3) 19-24 22.0 (7) 

U. Kameiana* 10-18 14.0 (11) 20-25 22.3 (9) 

U. Struthiopteri.'iis* 9-15 11.7 (9) 17-24 21.4 (11) 

U. Woodsiae 13-17 15.0 (2) 20-26 23.0 (2) 

U. intermedia 10-22 13.5 (6) 19-31 23.8 (6) 

U. ossaeiformis* 11-20 15.2 (10) 17-40 25.5 (14) 

Extreme limits 8-22 11.7-16.0 17-40 21.4-25.5 

. * Cases regarding Abies Mayriana only were considered. 

Comparing thes/} data on the developmental periods of the 
spermogonia with those of FRASER as well as of FAULL, one sees that 
the American authors' are within the limits of the present writer's. 

2. Aecidia from the inoculation experiments. From FRASER'S re­
sults (1913, 1914) the appearances of the aeciclia of three species of 
Uredinopsis are known to be after 18-21 clays for U. Stndhiopteridis; 
23 days for U. Osmundae; and 16-24 clays for U. americana. KLEBAHN 
(1916) stated that the first aecidia of U. Struthiopterid1:s came out 25 
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days after the inoculation. FAULL (1938 c) made note on the period 
that in about 260 experiments with five species of Uredinopsis the range 
of average periods was 20-25 days. In the nine species used in the 
present study, the results obtained are shown in Table 28. These data, 
though not quite accurately, somewhat agree with those of foreign in­
vestigators. Of course, these periods may vary according to the various 
conditions of the inoculated plants themselves and their environments. 
F9r instance, among 16 seedlings of MAYR'S fir inoculated with U. ossaei­
farmis the aecidia on some seedlings appeared after much longer periods 
than those on other seedlings as already shown in the paragraph 
describing the rust in quesiton. However, the aecidia of U. intermeclia 
and U. ossaeiformis were apparently longer in making their appearance 
than those of other species of the materials either in range or in average. 
In this respect, they are somewhat nearly related to usual species of 
Milesina to which some morphological characters of these two species 
are similar. On the other hand, slight differences were indicated in the 
developmental period of the aecidial stage in connection with the dif­
ferent host species of Abies observed under apparently identical environ­
mental conditions. FAULL (1934) has published such instances in the 
case of Milesina fructllosa (FAULL) HlRATSUKA, f. that was inoculated 
on Abies hosts explaining in this COllnection that "it cannot be assumed 
that some species of 4bies may not be immune to M. fructuasa, nor 
that susceptible species differ from one another in their resistance to 
this rust." In the present experiments, in the cases of U. ossaeifarmis 
and U. Btruthioptericlis, the appearance of the mature peridermia 011. 
Abies firma was a little later than on A. Mayriana. Likewise in the 
case of U. Kameiana the mature peridermia on Abies Mayriana were 
observed to be rather earlier than on A. holophylla and A. balsamea 
as shown in Table 29. ' 

3. Uredosori. (a) Periods for appearances of 1lredosori in the 
artificial inoculation with aecidiospores. FRASER (1913, 1914) in his 
inoculation experiments with experimentally produced aecidiospores of 
U. arnericana obtained uredosori after 7 and 8 days from the inocula­
tions. KLEBAHN E1916) in similar experiments with U. Stndhiopteridis 
gained uredospores after 16 days. FAULL (1938 c) recorded the results 
from similar experiments concerning fiVe American species of 
Ureclinopsis. From his Table 24, it is learned that the period varied 
from seven to thirty. days. According to the writer's inoculatioil experi­
ments by means of aecidiospores obtained from the cultures with nine 
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2. Fern hosts. Heretofore, fern host restrictions of the species of' 
Uredinopsis have been recorded by FRASER (1914), KAMEl (1930 a) and 
FAULL (1938 c). FAULL described the results of his experiments con­
cerning U. Struthiopteridis, U. americana, U. longimucronata, U. Phego­
pteridis and U. Osmundae. The writer made similar experiments 
concerning eight species used as the materials in this study, as have 
already been treated in the respective section of each, species and as 
summarized in Table 34. 

TABLE 34. Summarizing results of inoculations testing fern host 
restrictions in U redinopsis 

Rust species 

U. Adianti 

U. Athyrii 

U. filicina 

U. hirosa7ciensis 

U. Kameiana 

U. Struthio­
pteridis 

U. intermedia 

U. ossaeiformis 

Fern hosts that 
indicated positive resnlts 

Adiantum pedatu11! 

Athyrium Filix-foemina 
val'. 70ngipes 

Dryopteris Phegoptel'is 

Thelypteris palustris 
val'. pubescens 

Pteridium aquilinum 
val'. japonicum 

Matteuccia Strut71iopteris 

Athyrium acrostichoides 
and A. pterorachis 

Dryopteris dilatata 
val'. oblonga and 
D. monticola. 

Fern hosts that indicated 
negative results 

Athyrium Vidalii, Matteuccia Struthio­
pteris, Pteridium aquilinum val'. japo­
nicum, Thelypteris palustris val'. 
pubescens and Woodsia polystichoides 
val'. nudiuseula 
Athyrium Vidalii, Dryopteris Phego­
pteris, Matte1weia Struthiopteris, Pteri­
dium aquilinum val'. japonicum and 
Thelypteris palustris val'. pubescens 
Athyrium Filix-foemina val'. longipes, 
Matteuccia Struthiopteris, Pteridium 
aquilinum val'. japonicum and Thely­
pteris palustris val'. pubeseens 
Athyrium Filix-foemina val'. longipes, 
Dryopteris dilatata val'. oblonga, D. 
Phegopteris and Matteuceia Struthio­
pteris 
Adiantum pedatum, Athyrium aerosti­
choiaes, A. Filix-foemina val'. longipes, 
Dryopteris crassirhizoma, D. Phego­
pteris, Matteuceia Struthiopteris, Ono­
elea sensibilis, Osmunda cinnamomea, 
O. japoniea, Polystichum tripteron and 
Thelypteris palustris val'. pubescens 
Athyrium Filix-foemina val'. longipes, 
A. Vidalii, Dryopteris ailatata val'. 
oblonga, D. Phegopteri;;, Onoclea sensi­
bilis, Pteridium aquilinum val'. japoni­
cum and Thelypteris palustris val'. 
pubescens 
Dryopteris ailatata val'. oblon.qa, D. 
Miqueliana and Thelypteris palustris 
val'. pubescens 
Athyrium acrostichoides, A. pterorachis, 
Dryopteris crassirhizoma, D. Phego­
pteris, D. Miqueliana, Matteuecia 
Struthiopteris, Osmunda japonica, Poly­
stichum Stanaishii and Thelypteris 
palustris val'. pubescens 
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E. DISCUSSION OF THE LIFE CYCLE 

In the species of Uredinopsis that have been described up to this 
day, their host ferns, as recently mentioned by FAULL (1938 b), were 
known to be one to several species of various genera belonging to 
Polypodiaceae and Osmundaceae. FAULL (l.c.) listed thirteen genera 
of fern hosts. In Hokkaido, as to the nine species of rusts under dis­
cussion, ten species of fern belonging to the genera, Matteuccia, Woodsia, 
Dryopteris, Athyn'um and Pteridilln!, serve for the hosts. In these ferns, 
the fronds are mostly dead before snow-fall and the mycelium as well 
as the uredosori in the infected tissues are also dried up ceasing further 
growth. But the teleutospores and also the amphispores, being provided 
with hibernating ability, enter into the resting period when the host 
fern begins to die at the beginning of winter. So, these teleutospores 
in Uredinopsis should distinctly be considered as resting spores, although 
GAUMAN (1926) said that they cannot be called teleutospores in the 
true sense. In some species of Urcdl:nopsis, amphispores and teleuto­
spores are formed together on one and the same frond of a host fern. 
So the abundance of the latter spore form is naturally restrained by 
the formation of the former spore form, just as suggested recently by 
CUMMINS (1936). FAULL (1938 c) recently said that "teliospores are 
abundant for all species growing in regions in which Abies is native." 
According to. the personal observations of the writer specimens which 
possess an abundant number of amphispores were frequently seen 
to have a very meager quantity of teleutospores. Such an inclination 
was especially revealed on such specimens of U. filicina, U. Kameiana 
and U. Struthiopteridis as were used for basidiospore inoculation ex­
periments. After overwintering, the teleutospores begin to germinate 
in the season from May to June at the time when the needles of Abies 
begin to unfold. FAULL (1929) has described in these cases, how the 
promycelium penetrates the cell wall of the epidermis of the fern host. 
In most cases, such areas, where the teleutospores are formed, were seen 
to be discolored and slightly shrunken. In the germination of the 
teleutospores such areas are covered by tpe accumulation of basidiospores 
and basidia presenting a whitish film-like layer. If the basidiospores 
thus germinated from these teleutospores were inoculated on the young 
needles of Abies just unfolded, they infect the leaves easily; and the 
spermogonia were seen on the discolored areas after abollt two weeks 
and the aecidia after about 3-4 weeks on the usual hosts. The results 
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of the infection experiments done by FRASER (1913, 1914), KLEBAHN 
(1916) and FAULL (1929, 1938 c) and the writer respectively in their 
independent experiments more or less agree with each other iIi these 
respects. The mature peridermial cups soon rupture at the apex to 
disperse the matm·e aecidiospores. According to FAULL (1938 c) con­
cerning five species of Uredinopsis such a rupture occurs one to two 
days following the first appearance of the peridermia. If these spores 
were laid on the surface of the frond of a fern and opportunities were 
given for their germination, the germ-tube enters into the stomata to 
be developed into mycelia, that migrate through the intercellular spaces 
of the mesophyll of the fern hosts, and the uredosori are formed after 
about two weeks, though often somewhat longer in some species. In 
the neighborhood of the uredosori, the teleutospores are also formed 011 

the apex of the hyphal branches, probably soon after the perfection of 
the uredosori. From the writer's observation on U. Kameiana and that 
of FAUI,:L on five species of Ured'inopsis, the incubation period from the 
inoculation of the aecidiospores to the formation of the new teleutospores 
was ascertllined to be about one month at most. These teleutospores 
mature in the fall of every season and enter into the resting stage in 
the Hokkaido. Consequently, in a mature teleutospore after germination 
beginning its developmental course of the heteroecious life cycle, under 
uninterrupted conditions, it will go through its course in the usual 
succession and again return by and by to the teleutospores after about 
two months so far as some species of Uredinops'is are concerned. Actual­
ly, the mature peridermia of the species of Uredinopsis develop perfectly, 
either in the culture or in the field, commonly from the end of June 
to the beginning ot JUly. This is different from the typical species of 
Milesina which usually perfect their peridermia later. in the season. 
However, one exceptional case was reported in U. Pte1'idis from Western 
America as already explained. In that species the peridermia appear 
after a longer developmental period on the second to fifth year needles 
of Abies somewhat similar to some species of Milesina and Hyalopsora. 
In this connection, WEIR and HUBERT (1917) explained on the life cycle 
that the teleutospores germinate in the late summer to infect Abies in 
the same season, and the rust overwinters as mycelium in the Abies 
leaf to produce aecidia in the following spring. But these assumptions 
must probably not be the case considering from the remark by HUNTER 
(1927) as well as the writer's conclusions obtained from the experimental 
results done on many species of fern rusts in Hokkaido. WEIR and 
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HUBERT'S opinion was merely deduced from assumption based upon the 
fact that the rust appears on the second year needles of Abies and not 
from the result of experiments upon which reasonable explanations must 
be based. As the life history experiments on U. Pteridis are yet in­
complete, repeated trials are very desirable to learn for certain the 
course of development of this interesting species. 

Further, the appearances of the uredo and teleutostages on fern 
hosts are also earlier in season than in the case of M ilesina species. 
In U. ossaeiforrnis, however, the periods needed. for the perfection of 
peridermial cups and uredosori were found to be slightly longer than 
in the case of the other usual species. Such elongation of the periods 
may indicate a character approaching the species of Milesina. If so, 
it corresponds quite well to some morphological characters that are 
nearly related to Milesina. In short, in the cases of the usual species of 
Uredinopsis, the course of the life cycle on firs and ferns is not parti­
cularly dissimilar from the cases of Milesina, but the developmental 
periods of each organ are somewhat shorter and appear earlier in season. 
Such knowledge of the differential developmental periods existing be­
tween two related genera of the white spored rusts is very important for 
the sake of the distinctive criteria of the species on Abies supplementing 
those of the morphological characters. According to FAULL (1938 c) 
the sequence of the appearance of. these white rusts on Abies under 
natural conditions, is (1) Uredinops1·s, (2) Uredinopsis and Milesina, 
(3) M ilesina. 

On the other hand, that the overwintered amphispores of some 
species of Uredinopsis infect the same fern host in the spring to produce 
ordinary uredospores was proved by KLEBAHN (1916) and the writer. 
The autoecious life cycle by means of the amphispores is proveq. beyond 
all doubt, as has already been mentioned by many authors such as 
DIETEL (1895), FAULL (1929, 1938 c), GAUMAN (1926), ARTHUR (1934), 
CUMMINS (1936) and HIRATSUKA, f. (1936 c). Accordingly, one can 
find the same amphisporic rusts in the same locations every year, where 
there are no species of Abies growing immediately near by. 

Moreover, near Sapporo, considering from the examination of 
specimens, itis concluded that if the conditions of the host are favorable, 
the amphisporic sori are developed already in the latter part of June to 
the first part of July, increasing especially toward the fall of the year. 
It is, however, interesting to note that in the rusts that have amphispores 
in their life cycle, the peridermial phases are also found to e4'ist. For 
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miuln balsamcum" which he referred to U. ullwr·icana. BELL (1924), 
who also admitted that "Per'idermiunL balsamcum" was synonymous to 
several species of Uredinopsis, described the morphology of spermogonia 
in order to distinguish it from three other rusts on A,bies in the 
district of Ontario. ARTHUR (1925, 1934) in the generic characters 
also mentioned this point and recently defined them thus, "Pycnia 'with­
out paraphyses, often sunken into the tissues beneath the cuticle." He 
described the spermogonia of three species of Ul'edinopsis in his mono­
graph. FAULL (1929) also gave critical notes on the morphological 
characters of the spermogonia common to the species of Uredinopsis. 
His opinion was that "in general there is a characteristic type of each 
genus" and "in some cases the forms within a type are distinctive for 
individual species." Recently the same author (1938 b) gave a precise 
description of the characters of the spernlogonia ill the species of 
Uredinopsis. HUNTER treated the spermogonia of six species of this 
genus. In her previous paper (1927) she summarized the morphology 
of the spermogonia in a tabular form, touching on the age of the host 
leaf, the shape, size and position of the spermogonia and the size of the' 
spermatia. In another paper (1936 c) all the species of Ureclino]Jsis 
studied by HUNTER 'were considered to belong to the "immersed" sub­
divisiqn and to have spermogonia which are "hemispherical to cOlloidal" 
in sectional view. 

As to the Japanese 'species, they have been already described by 
the writer (1932 b, 1934), but in this paper they may well be once more 
described comparatively. 

The materials used for the study included specimens obtained 
from cultural studies as well as from field collections. 'l'he affected 
needles were fixed in CARNOY'S fluid or FLEMMING'S week solution. They 
were mostly embedded in paraffin and sectioned 'with a microtome into 
about 10,u in thickness. 'rhe preparations ,,,ere stained with safranin 
alone, or safranin in combination with DELAB'IELD'S haematoxylin or 
light green. Sometimes hand sections 'were also used. In measuring 
the surface dimensions of the organs, fixed materials soakec1 in a' mixture 
of chloroform and alcohol to remove the chlorophyll ,,,ere especially 
suitable. Measurements of the height of the spermogonia were mainly 
obtained from the longitudinal sections along the longer axis of the 
needle. 

1. Color- of the spennogonia. In regard to the color of the 
spermogonia of some Uredinopsis, statements have already been lllade 
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5. Numbel' of spe1"lllogonia. ARTHUR(1925, 1934) on U. ame1'icana 
said about the number of spermogonia that they are "few" and 011 

U. Pteridis "rather numerous" or "moderately abundant." HUNTER 
(1927) said on U. Osnmndae that they are "fewer" than on other related 
species, while on U. Pte1'idis "numerous." KAMEl (1930 a, 1932 b) has 
already made some statement on this aspect regarding some species in 
the Hokkaido. In the present study on each nine species of rusts in 
question, the number of spermog?nia per affected leaf and per square 
millimeter were carefully counted by means of a magnifying lens as 
shown in Table 35. In every species, except U. intermedia and U. 
ossaeiformis, the number of spermogonia per affected leaf varied from 
10 to 211. The average number pel' leaf varied from 61.1 to 128.9 
according to the species. The number pel' square millimeter varied 
from 4 to 30 averaging 17.3 to 22.3 according to the species. In U. 
1'ntermedia and U. ossaeifo1'1nis, the number pel' leaf and pel' square 
millimeter was always less than in the other 7 species under discussion. 
Those of the above two rusts are somewhat near in number to those 
of Milesina Miyabei and M. ltOana, of which the type of the spermogonia 
is also similar in morphology. 

TABLE 35. Number of spermogonia in 9 species of Ul'eclinopsis 

Range Average* 
Species Hosts 

pel' needle per sq. nUll. per needle per sq. mIll. 

U. Adianti A.M. - T5 10-186 14-30 128.9 22.3 

U. AthYl'ii " Is 10-100 11-32 61.1 18.5 

U. filicina " . Xs 25-113 4-22 72.5 18.1 

U. 7lirosakiensis " Vlo 33-175 6-22 77.0 ]8.2 

U. Kameiana " VIII13 42-210 11-22 119.2 17.3 

U. Stl'uthioptel'iilis . A.s. Ilo 38-211 10-30 111.2 19.9 

U. Wooilsiae A.M. IXu 45-124 ]3-39 88.7 21.4 

U. intel'meilia. " Xu ]- 17 2- 5 10.9 3.7 
• U. ossaei/o1'11lis " XIIs; 

AI IVa 5- 19 1- 6 11.4 3.4 

." A wrage lllllllbel' of needles and areas examined for the number of sperIllogonia 
was in each case 10. 

6. S1:tnation of spermogonia. (a) Face view. For the inspec­
tion of the spermogollia in this respect, fixed materials were observed 
under a low-powered lens. In the usual seven species of U1'edinopsis, 











CULTURAL EXPERIMENTS OF THE FERN RUSTS OF ABIES IN JAPAN· 77 

In U. ossaeiformis, the openings were always stomatal slit-like and almost 
elliptic in shape. Brownish substance ·was usually seen to be oozing 
out from or deposited under the stomata. In U. intennedia, openings 
were in interstomatal spaces and appeared to be pore or short slit-like. 
In this respect also the two species of UTedinopsis ap-,?roach near to 
i1iilesina It8ana, M. Miyabei and M. polypodophila. 

TABLE 37. Size of openings of spermogonia ill 11ine species of Uredinopsis 

Range (,,) Average (,,) * 
Species Hosts 

I Length Width Length Width 

U. Adianti A.M. I. 40-80 16-32 61.6 24.0 

U. Athyrii " Is 24-88 12-32 59.2 17.0 

U. jilicina " IV,. 24-86 12-32 56.2 18.4 

U. hirosakiensis " VIII. 48-104 12-64 79.2 27.6 

U. Kameiana " VIII13 10-96 10-24 56.7 14.6 

U.· Struthicpteridis A.f. II. 32-120 8-32 72.0 19.2 

U. Wooilsiae A.M.IXll 40-120 20-56 82.4 34.8 

U. intermec7ia " X ll 32.5-84.5 13-45.5 50.7 29.9 

U. ossaeijormis AI IV. 32.5-39.0 19.5-19.5 35.8 19.5 

* The average number was of 10 ill all species except U. ossaeijormis in which 
it was only of 2. 

10. Spermatiophores. A.DAlIIS (1919 b) on the spermatiophores of 
the spermogonia of Peridennillln baZsamcunt said that "they are broad 
at the bases, short and tapering towards their free ends which converge 
towards the upper central region of the hemispherical fruit body." 
HUKTER (1927) once said on the spermatiophores of Uredinopsis, "the 
basal cells are long and tubular, narrowing toward their upper ends" 
and "this was thought to be an aid in distinguishing Uredinopsis species 
from Milesina species" but in the second report (1936 c) she amended 
her statement by saying that the feature is likewise found in the species 
of Milesina. FAULL (1938 b) stated, ill most of the A.merican Uredino1Jsis 
"spermatiophores unbranched, septate, with large basal cell." In the 
usual species of the present Uredinopsis materials, the spermatiophores 
were always somewhat tapering toward the apex, septated and simple 
as shown in PI. VII, fig. 17 a-f. They originated from tile basal· cell 
of the hyphal mat of each spermogonium and converged toward the 
upper middle of the organ, where almost no space was observable unlike 
the case of some Milesina species. The minute morphological differences 
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cases afl only one 80rus on a diseased leaf in several species. Generally, 
there was indicated an indination for groups of species which have an 
abundant number of spermogonia, also to have an abuudance of aecidial 
SOrI. In those species such as U. ossaeifonnis and U. intermedia, III 

"'hich a smaller Humber of spermogonia were seen, the number of 
aecidial sori also attained to rather a small average. 

4. Dimensions of aecidial sori. (a) Height of aecidiwn ClipS. 

Concerning the height of the aecidium cups of the species of U1'eclinop6is, 

in U. Pteridis WEIR and HUBERT (1917) stated it to be 1.5-2.6ml11.; 
ARTHUR (1925) 0.7-1.0mlll. and FAULL (1938b) up to 2111m. FAULL 

(I.c.) also on 15 other species mentioned that they vary from 0.3-2111m. 
Regarding some species of Japan, the present writer (1930 a, 1932 b) 
has made mention of this point in the descriptions. The result of the 
present study is presented in Table 40. Throughout all the materials, 
the height ranges from 0.5 to 1.5 mm., and only in this respect they 
can not be distinguished from each other. 

TABLE 40. Height of ·aecidial cups in nino species of Dreainopsis 

I Height 
I Height Speeies Hosts (mm.)* Species Hosts (nun.) 

D. Aclianti A.M. I. Up to 1.0 D. Str!lthioptcriais A.f. IIo 0.5-1.0 

U. Athyrii " Is 0.7-1.3 U. Woodsiae A.M. IX" 1.0 

U. filicina " IIa 0.8-1.3 D. inter1llcdia " VIlla, 0.6-1.3 
U. hirosakiensisl " VIII5 0.6-1.2 XII3 , XII5 

U. Kameiana " VIII, a 1.0-1.5 U. ossaei/or1llis AI IVo 0.5-1.1 

The number of specimens from which the ranges were determinecl yaried con­
sidembly. 

(b) Diamete1'S of aecidial C1lZJS. Hegarding the diameters of the 
aecidium'cups of Uredinopsis, 'VEIR and HUBERT (1917) on U. Pteridis 

stated it to be 0.2-0.4mm., ARTHUR (1925) on the same species, 0.4-0.6 
111m. and U. americana, 0.2-0.5 mm., FAULL (1938 b) in 16 species of 
Uredinopsis stated that they vary from 0.1 to 0.5 mlll. The writer 
(1930 a, 1932 b) gave figures for some species of Uredinopsis. As shown 
in 'rable 41, in which are collated the measurements of ten mature 
aecidial cups for each species of Uredinopsis, the range of the longer 
diameters is indicated to be 160 to 600,1l and that of the shorter diameters 
160-440,u. The largest diameters ·were observed. in the case of U. hiro­

sakiensis while the smallest in U. Adianti. But so far as the dia-
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"polygonal, elongated vertically." Each peridial cell of our materials, 
as already shown by KAMEl (1930 a, 1932 b), was much flattened, the 
thickness being commonly far less than the length and breadth and the 
side view being mostly long and thin. So, in the loose mounts of a bit 
of the peridium in most cases the face view was seen while the side view 
was quite rarely seen. As for the materials concerned, generally speak­
ing, the cells were rather elongated vertically and seen tobe irregularly 
tetragonal or pentagonal to hexagonal, while very often also they were 
rounded at the margin to present an elliptical or oval appearance. But 
they ,vere not so long and narrow as seen in those of some species of 
Pucciniastrum, of which have already been described by KLEBAHX 
(1899), DARKER (1929) and HIRATSUKA, f. (1936 c) respectively. To 
conclude, there hardly exist any clear discriminative criteria among' the 
species of U1'edinoZJsis as far as the shape of the peridial cells only is 
concerned. 

(c) Size of peridial cells in face view. Also concerning the s.ize 
of the peri dial cells of some· species of "Credinopsis, statements have 
already been made by WEIR and HUBERT (1917), ARTHUR (1925), KAMEl 
(1930 a, 1932 b), and FAULL (1938 b). In the present study the size 
of 60 mature peridial cells of each species was measnred as shown in 
Table 42. The longer cells were found in U. filicina, U. Athyrii anel 
C. Kameiana and the shorter ones in U. Stndhiopteridis, U. hirosakiensis 
and U. W oodsiae. The wider cells were seen in U. 1V oodsiae and U. 
filiC1'na and narrower ones in U. hirosakiensis. Comparing with those 
of U. Strllthiopteridis described by FAULL (1938 b) the writer's measure­
ments in the same species are somewhat smaller. 

TABLE 42. Size of peridial cells in nine species of U redinopsis 

Range (p,) Average (p,) 
Species Hosts 

Length Width Length Width 

U. Ailianti A.M. Is 20.9-41.8 12.9-25.7 31.97 18.87 

U. Athyrii " IX. 24.1-51.5 11.3-25.7 36.80 17.64 

U. filicina " X. 28.8-48.3 14.5-25.7 38.09 19.22 

U. hirosa7ciensis " VIII. 20.9-40.2 8.1-24.1 28.52 16.45 

U. Ka1neiana. " IV. 25.7-45.1 12.9-28.9 36.22 18.76 

U. Struthiopteriilis " XXII. 17.6-36.8 9.6-20.8 27.49 15.19 

U. Wooilsiae " XIs . 22.2-37.8 12.6-31.5 29.10 20.12 

U. intermedia " VI. 24.1-40.2 14.5-29.0 34.33 18.90 

U. ossaeiformis A·f· IV. 25.6-43.2 11.2-27.2 33.64 20.02 
















