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SUMMARY: Surveys of blister rust.fungi were carried out in several areas of the Russian Far East (Eastern Siberia) during 
1992-1994. In these surveys,we could collect many specimens of blister rust fungi on Pinus pumila, P. koraiensis and P. 
sylvestris and thoseon,alternate;hosts,i.e;~Rihes spp., Pedicular:is spp. andPaeonia sp. Two species of blister rust fungi, 

Cronartium ribicoLa •. and,CjldcCidum.were,recognized.Possible life cycles of the'two species were proposed based on the 

morphological observation"io£~the,:fungiand' association.ofiCronartiumdnfected' plants at the places where the blister rusts 
occurred. However. uredinialandtelial stages· found on PedicuLaris ·spp; collected in these areas could not be assigned 
definitely either to C. ribicolaor C.flaccidum and need further investigation. 
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J.NTRODUCTION 

In the Russian Far East (Eastern Siberia), Pinus pumila 
(Pallas) Regel, P. koraiensis Sieb. et Zucco and P. syLvestris 

L. are widely distributed (2). Three blister rust fungi, 
Cronartium rihicola J. C. Fisher, C. kamtschaticum 

Joerstad and C. flaccidum (Alb. et Schw.) Winter were 

known to occur commonly on P. koraiensis. P. pumila and 

P. syLvestris, respectively 0,2). Pinus densiflora Sieb. et 
ZUCCo is also planted in small area of southern part of 
Primorsky Territory and infected with C. flaccidum (1,2). 

Alternate host plants of C. ribicoLa are reported to be 
Grossularia reclinata (L.) Mill., Rihes dikuscha Fisch .• R. 

fragrans Pall.. R. latifolium Jancz., R. mandshuricum 
(Maxim.) Kom., R. nigrum L., R. paLczewskii (Jancz.) 

Pojark., R. pallidiflorum Pojark., R. pauciflorum Turcz.; R. 

procumbens Pall.. R. rubrum L. and R. triste Pall.; of C. 
kamtschaticum, Castilleja pallida (L.) Spreng, Pedicularis 
chamissonis Stev., P. resupinata L. and P. sudetica Willd. 

and of C. flaccidum, Vincetoxicum amplexicauLe Sieb. et 
Zucc .. Euphrasia maximowiczii Wettst. and Paeonia 
lactiflora Pall. (1). However. their taxonomy, life cycle 

and geographical distribution have not been studied suffi

ciently. 
Recently. two new endo-form species and one variety 

of blister rust fungi on Pinus pumila. Endocronartium 

sahoanum Imazu et Kakishima vaT. sahoanum, E. 
sahoanum var. hokkaidoense Imazu et Kakishima, and E. 
yamahense (Saho et I. Takahashi) Paclt, were reported 
from Japan (6, 7, 8. 9, 10). Taxonomic and phylogenic re

lationships between the blister rust fungi in the Russian Far 
East and those in Japan are very interesting. Therefore, we 
carried out survey of blister rust fungi in several areas of 

the Russian Far East in order to clarify what and how many 
species are distributed in this area and what their alternate 

host plants are. 

MATERIALS AND METHODS 

Surveys of blister rust fungi were conducted several times 

during 1992-1994 in four reserved areas in the Russian Far 

East (Fig. I). Main areas of surveys and dates of visit are as 
follows: 

Sikhote-Alin Reserve. Primorsky Territory (Fig. IA): 
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Fig. I. Main areas of survey of pine rusts in the Russian Far East. A: Sikhote-Alin Reserve, Primorsky Territory. B: Ussuri Reserve 

and Vladivostok, Primorsky Territory. C:Bolschechtsirsky Reserve, Khabarovsk Territory. D: Contact, Magadan Region. 

September 7-14,1993; July 8-15, 1994. 
Ussuri Reserve and Vladivostok, Primorsky Territory 

(Fig. 1 B): July 28-August 7, 1992; September 4-6, 1993. 
Bolschechtsirsky Reserve, Khabarovsk Territory (Fig. 

I C): August 26-September 3, 1993;July 17, 1994. 
Contact, Magadan Region (Fig. 10): August 18-25, 

1993; July 18-23, 1994. 
Herbarium specimens were used for morphological ob

servation with light (LM) and scanning electron micros

copy (SEM) by the method reported previously (8). For 
observation of nuclei in spores and their germ tubes, fresh 

spores germinated on glass slides, which were coated with 
0.3% water agar, were stained with HCl-Giemsa. All 
specimens collected in this survey are deposited in the My
cological Herbarium, Institute of Agriculture and Forestry, 
University of Tsukuba (TSH). 

RESULTS AND DISCUSSION 

In Sikhote-Alin Reserve (Fig. 2A), Pinus koraiensis is a 

very common pine tree in the forests. However, it was very 
rare to find infection of blister rust in spite of careful obser-



vation. Pinus pumila is also distributed in small areas in the 
forest'>, mostly at the top of mountains. We were not able to 
find blister rust on P. pumila in this Reserve. However, 
uredinial and telial stages of blister rust fungi were fre
quently found on Ribes spp. and Pedicularis spp. Speci
mens collected and results of their identification are shown 
in Table 1. Blister symptom (Fig. 2B,C) and aeciospore 
characteristics (Fig. 2D,E) on P. koraiensis were identical 
with those of C. ribicola. We also identified uredinial and 
telial stages of the rust fungi on R. mandshuricum and R. 
latifolium (Fig. 3) as C. ribicola because their morphology 
were similar to those of C. ribicola and they were collected 
at the same area where we found blister rust of P. 
koraiensis. Specimens of uredinial and telial stages on P. 
resupinata and P. mandshurica (Fig. 4) were morphologi

cally very similar to those of C. ribicola and were collected 
near P. koraiensis which were infected with C. ribicola. 
Moreover, Pedicularis species including P. resupinata 
have been known as uredinial and telial hosts of C. ribicola 
in Japan and Korea (4,13,15). Therefore, we suspected that 

these stages might be those of C. ribicola. However. ure
dinial and telial stages of C. jlaccidum are also known to 
occur on P. resupinata in Japan and Korea (4,11.14) and are 
morphologically indistinguishable from those on C. ribi
cola. Distribution of Pinus sylvestris, which is an aecial 
host of C. flaccidum, is also recorded in this Reserve (2). 
From the above reasons. we could not identify these speci

mens. 
In Ussuri Reserve and Vladivostok, Pinus koraiensis is 

commonly distributed and P. sylvestris is grown as road

side trees. Distribution of P. densijlora is also recorded (2). 
We could not find blister rusts on these trees because we 
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visited this area in seasons when blister rusts did not sporu
late on pines. However, the uredinial and telial stages were 
found on Paeonia lactiflora. Ribes latifolium and 
Pedicularis resupinata. These specimens were identified 
as in Table 2. Uredinial and telial stages on Paeonia 
lactijlora (Fig. 5) were identified as C. jlaccidum because 

they were reported as those stages of C. jlaccidum in the 
Russian Far East (1) and were morphologically identical 
with those stages of C. jlaccidum. Ribes latifolium is 
known as a uredinial and telial host of C. rihicola in this 
area and there were no morphological differences between 
the rust on R. latifolium and C. ribicola. The specimens on 
P. resupinata could not be identified because of the same 
reasons as in Sikhote-Alin Reserve. 

In Bolschechtsirsky Reserve, Pinus koraiensis is also 

naturally distributed and P. sylvestris is grown in small 
plantations. We could not find any blister rust infections of 
P. koraiensis. However, we found P. sylvestris heavily 
infected with a blister rust and also uredinial and telial 
stages on Ribes mandshuricum and Pedicularis resupinata. 
These specimens were identified as in Table 3. Blister 
symptom (Fig. 6A.B) and aeciospore characteristics (Fig. 
6C,D) on P. sylvestris were similar to those of C. 
jlaccidum. However, we were not able to find the uredinial 

and telial stages on possible host plants. End-form species, 
Endocronartium pini (Pers.) Y. Hiratsuka whose 
teliospores are morphologically identical with aeciospores 
of C. jlaccidum, have been known to occur on P. sylvestris 
in Europe, but not in Russia (5,12). Examination of nuclear 
behavior during spore germination will be required to elu
cidate the identification. Telial columns on R. 
mandschuricum (Fig. 7) were frequently observed and 

Table I. Specimens and results of identification of blister rust fungi conected in Sikhote-Alin Reserve. 

Species 

Cronartium ribicola 

Cronartium sp. 

Cronartium sp. 

Stage 

0,1 

II, III 

II, III 

II, III 

Host plant Specimen No.(TSH-R) 

Pinus koraiensis 8922,8992,9156.9157,9193,9194,9202,9237 

Ribes mandshuricum 8905,9143.9170 

R. latifolium 8956,9120 

Pedicularis resupinata 8899,8985,9000,9161,9203 

Pedicularis mandshurica 8993 

Table 2. Specimens and results of identification of blister rust fungi collected in Ussuri Reserve and Valdivostok. 

Species Stage Host plant Specimen No.(TSH-R) 

Cronartium jlaccidum II, III Paeonia lactijlora 8896,9113 

Cronartium ribicola II, III Ribes latifolium 9014,9020,9029,9071,9077 

Cronarlium sp. II, III Pedicularis resupinata 9036,9085 
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were identified as those of C. ribicola. The specimens of 

uredinial and telia! stages on P. resupinata (Fig. 8) could 
not be identified because of the same reason in Sikhote
Alin Reserve. 

In Reserves in Magadan Region (Fig. 9A), Pinus 

pumila (Fig. 9B) is the only species of Pinus distributed in 

this area. We were able to find P. pumila heavily infected 
with blister rust fungus at many places in mountains. We 
also collected Ribes fragrans (Fig. 11 A,B), R. triste (Fig. 
IIC,D) and R. dikuscha infected with uredinial and telial 
stages of blister rust fungi in these mountains. We care
fully observed Pedicularis species in these areas. How
ever, we could not find blister rust infections. The speci
mens collected there were identified as in Table 4. We 
identified the blister rust fungus on P. pumila as C. ribicola 
because symptoms ( (Fig. 9C,D,E) and aeciospore charac

teristics (Fig. JOA,D,E) were very similar to those of C. 

ribicola, and we observed that its uredinial and lelial stages 
occurred on Ribes spp. growing beside P. pumila which 
were infected with blister rust fungus (Fig. 9b). Morphol

ogy of uredinial and telial stages on Ribes spp. (Fig. 12) 
was also similar to those of C. ribicola. 

Kuprevich and Tranzschel (12) and Azbukina (1,2) re
poned that blister rust fungus on P. pumila was Cronartium 
kamtschaticum (= Peridermium kurilense Dietel) of 
which uredinial and telial stages occurred on Castilleja 
pal/ida, Pedicularis chamissonis, P. resupinata and P. 
sudetica and widely distributed in the Russian Far East, es
pecially in Magadan Region, Sakhalin and Kamchatka. 
However, we observed in Magadan Region that alternate 
hosts of blister rust fungus on P. pumila were Ribes spp. 

and identified it as C. ribicola. Yokota and Uozumi (15) 

treated C. kamtschaticum as a synonym of C. ribicola. 
However, taxonomic relationships between these two spe
cies are need to be clarified. Moreover, we think that reex
amination of taxonomic treatment of P. kurilense is also 
required though Hiratsuka (3) and Azbukina (I) considered 

this blister rust fungus as C. kamtschaticum. 
Recently, two end-form species and one variety on Pi

nus pumila were reported from Japan (6,7,8,9, JO). We ex

amined nuclear behavior during the germination of spores 
from P. pumila collected in Magadan Region and observed 
that nuclei in spores and their germ tubes were constantly 
two (Fig. JOC,B). We could not find end-form species in 

this Region. However, we think that there are possibility to 
find these species in the Russian Far East, especially in 

Sakhalin, Kamchatka and Kuril Islands. 

From the'results of our survey, the possible life cycle of 

blister rust fungi in the Russian Far East is shown in Table 
5. Alternate hosts of C.flaccidum on Pinus sylvestris may 

be Paeonia and Pedicularis because we found Paeonia and 
Pedicularis infected with blister rust fungi in Ussuri and 
Bolschechtsirsky Reserves where C. flaccidum was found 
frequently. We suppose that there are two types of life 
cycles in C. ribicola. In the first type of life cycle, host 
alternation may occur between P. koraiensis and Ribes and 
Pedicularis. This type of life cycle was suggested from the 
survey in Sikhote-Aline Reserve. The second type was 
suggested from the survey in Magadan Region. In this type 
of life cycle, host alternation may occur between P. pumila 

and Ribes. To confirm these life cycles further survey and 
inoculation experiments will be required. 

Table 3. Specimens and results of identification of blister rust fungi collected in Bolschechtsirsky Reserve. 

Species Stage Host plant Specimen No.(TSH-R) 

Cronartium flaccidum 0,1 Pinus sylvestris 8822,9243 

Cronartium ribicola II, III Ribes mandshuricum 8828,8849,8881,9238 

Cronartium sp. II, III Pedicularis resupinata 8825 

Table 4. Specimens and results of identification of blister rust fungi collected in Magadan Region. 

Species Stage Host plant Specimen No.(TSH-R) 

Cronartium ribicola 0, I Pinus pumila 8759,8764,8765,8789,8790,8799,8809, 

9251,9252,9253,9269,9270,9271,9272 

II, III Ribes dikuscha 8769 

R.fragrans 8791,8793,9267 

R. triste 8767 
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Table 5. Possible life cycle of blister rust fungi in the Russian Far East. 

Cronartium flaccidum 
0, I on Pinus silvestris- - - - - - - - - - - -II, III on Paeonia, Pedicularis 

Cronartium ribicola 
(1) 0, I on Pinus koraiensis- - - - - - - - - - -II, III on Ribes. Pedicularis 
(2) 0, I on Pinus pumila- - - - - - - - - - - - - II, III on Ribes 
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Fig. 2. Sikhote-Alin Reserve. A: View of mountains. B,C: Blister rusts on Pinus koraiensis caused by Cronartium rihicola. D, E: An 

aeciospore (0) and its surface structure (E) of C. rihicola on P. koraiensis observed by SEM. (Scale bars: D= 2 ~m, E=O.5 ~m). 
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Fig. 3. Cronarriwn ribicola on Rihcs spp. collected in Sikhote-Alin Reserve and observed by SEM. A: Uredinia on R. mandschu

ricuT11. B: A urcdiniospore on R. lat(fnlill!ll. C: A uredinium on R. larijolill!ll .. D: A telial coluT11n on R. mandsC/zllricwll. (Scale bars: A= 

I 00 ~T11. B= 2 ~m. c= 20 ~m. D= SO ~T11). 
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Fig. 4. Cronartium spp. on Pedicillaris spp. collected in Sikhote-Alin Reserve. A,B: Uredinia (A) and telia (B) on P. resupinata. 

C,D: A telial column (C) and a uredinium (0) on P. resupinata observed by SEM. E: A urediniospore on P. mandslzurica observed by 

SEM. (Scale bars: C= 50 ~m, D= 20 ~m, E= 2 ~m). 



57 

Fig.:'i. Crollilrtillm j7accidum on Pacolll(Z iacri(7oT(l collected in Vladivostok. A: telia ane! uredinia. B.C.D: A uredinium (8). a 
urcdiniosporc (0 and a telial column observed hy SE\1. (Scale bars: B= 20 11m. C= 211m. D= :'i() 11m). 
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Fig. 6. Blister rust on Pinus sy/vestris caused by Cronartiumflaccidum in Boischechtsirsky Reserve. A,B: Blister symptom. C,O: An 
aeciospore (C) and its surface structure (0) observed by SEM. (Scale bars: C= 2~m, 0= O.5~m). 
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Fig. 7. Telial columns of Cronanillm nNco/a on Rihes mandshuricllm collected in Bolschechtsirsky Reserve and observed by SEM. 

(Scale bars: A,B= 50 11m). 

fig. R. Cronaniwn sp. on PeriiCli/aT/s reslI[7illata collected in Bolschechtsirsky Reserve. A: Uredinia and telia. B: Tclial columns 

observed by SE\1. (Scale bar: 13= 5(l~lm). 



60 

Fig. 9. Contact in Magadan Region. A: View of mountains. B: Pinus pumila closely associated with Ribesfragrans. C,D,E: Blister 

rust on P. pumila caused by Cronartium ribicola. 
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Fig. 10. Crnnatrtiwn ribicola on Pinus pllmila collcted in Contact. Magadan Region. A: Aeciospores. B: Two nuclei in a genn tube 

of an aeciospore. C: Two nuclei in an aeciospore. D.E: An aeciospore (D) and its surface structure (E) observed by SEM. (Scale bars: D= 

5 ~m. E= 0.5 ~ml. 
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Fig. II. Ribes spp. infected with Cronartium ribicola in Contact, Magadan Region. A: Ribes fragrans. B: Telia on R.fraRrans. C: 

Ribes triste. D: Telia on R. triste. 

-Fig. 12. Cronartium ribicola on Ribes spp. collected in Contact, Magadan Region and observed by SEM. A,B,C: A uredinium (A) 

and urediniospores (H,C) on R .fragrans. D: A telial column on R. triste, just after emergence. E,F: Telial columns (E) and basidiospres on 

a telial column (F) on R.fragrans. (Scale bars: A= 20 !-tm, B= 5 !-tm, C= 2 !-tm, D,F= 10 !-tm, E= 50 !-tm). 
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