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in isolation tests on different parts of sound Hinoki cypress (Chamaecyparis obtusa), the coelomycete Cryptosporiopsis 
abietina was isolated, mostly from immature cone scales and inner bark areas of branches and main stems. In isolation 
tests using branches or stems of 3-yr-old seedlings to 35-yr-old adult cypresses from various localities, C. abietina was 
isolated in 28 to 100% of the cypresses tested. It was also confirmed that the fungus rarely infects seeds of the 
cypress, and can survive in dried seeds for several years, though it is not a seed-borne fungus. No symptoms appeared 
in inoculation tests wi th the fungus on 8-yr-old cypress. In inoculation tests in a greenhouse, reliable infection without 
symptoms was obtained on wounded cypress seedlings. These results reveal that C. abietina is a common endophytic 
fungus in Hinoki cypress. Confrontation and volatile antagonistic tests in Petri dishes indicated that some isolates of C. 
abietina produce antifungal substances in vitro. On these isolates, the reproduction of a mycophagous nematode Bur- 
saphelenchus xylophilus was retarded. The results of inoculation tests suggest that the possibility of C. abietina as a 
primary causal agent of the resinous stem canker of Hinoki cypress is low. The role of C. abietina in the cypress is 
briefly discussed. 

Key Words antagonism; Cryptosporiopsis abietina; endophytic fungus; mycophagous nematode; Pez/cu/a //vida; 
resinous stem canker. 

Cryptosporiopsis abietina Petrak (teleomorph=Pezicula 
Bvida (Berk. et Br.) Rehm) has been reported as the causal 
organism of resinous stem canker of Hinoki cypress, 
Chamaecyparis obtusa (Sieb. et Zucc.) Endl. (Kobayashi 
et al., 1990). However, the development of typical 
symptoms of the disease has not been confirmed by in- 
oculation experiments wi th the fungus. 

Cryptosporiopsis abietina also has been reported to 
be pathogenic to hosts (Kowalski, 1982; Haug et al., 
1988). However, the species has been isolated as an 
endophytic fungus mostly from sound conifers and rarely 
from broad-leaved trees in Europe and North America 
(Carroll et al., 1977; Sieber and Hugentobler, 1987; Es- 
pinosa-Garcia and Lagenheim, 1990; Kowalski and Kehr, 
1992, 1996; Rollinger and Lagenheim, 1993). An- 
tagonistic traits of C. abietina (Pratt, 1982) and Crypto- 
sporiopsis sp. (Ohsawa and Katsuya, 1987) against butt 
rot fungi have been reported. 

The distribution and life cycle of the fungus and its 
function in Hinoki cypress have notibeen clarified. To 
know the pathogenicity and biological characteristics of 
C. abietina, the distribution of the fungus in Hinoki 
cypress and its antagonistic effects on other pathogenic 
fungi from the cypress were studied in vitro. Moreover, 
reproduction of the mycophagous nematode Bur- 
saphelenchus xylophilus (Steiner et Buhrer) Nickle, the 

causal agent of the pine wi l t  disease, on this fungus was 
compared wi th that on Botrytis cinerea Pers.: Fr., which 
is known as a medium for culturing the nematode. 
Based on the results of inoculation tests with the fungus, 
the role of the fungal species under field conditions was 
discussed. 

Materials and Methods 

Isolation tests on different parts of sound Hinoki cypress 
To clarify the distribution of C. ab/et/na in different parts 
of adult Hinoki cypress, isolation samples were collected 
from five 20-yr-old cypresses planted at the experimental 
forest of the Forestry and Forest Products Research In- 
stitute (FFPRI), in Kukizaki, Ibaraki Pref. in December 
1992. Isolations were conducted on matured seeds, im- 
mature cone scales, current-year leaves, inner bark and 
xylem of a 3-yr-old branch at approximately 2 m height, 
and inner bark of the stem at 1.5 m height of individual 
trees. For surface-sterilization, the samples were dipped 
in 70% ethanol for 1 min, then in 10% sodium 
hypochlorite (commercial Anti formin, Wako Chemical) 
for 5 rain. After rinsing in sterilized water and drying on 
a sterilized filter paper, the samples were then cut into 
segments of approximately 5 x 3 mm. Five segments 
were placed in a single plate containing PDA (Eiken 
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Chemical),  and f ive repl icates were  made. Percent isola- 
t ion f requencies of C. abietina among cypress trees test-  
ed and among tota l  segments  tested were  recorded. For 
the isolat ion f rom seeds, who le  seeds were  used w i t hou t  
div iding them into smal ler segments,  and the period of 
ethanol d ipping was  shortened to 10 s. Plates were  in- 
cubated at 1 5~  in darkness. 
Isolation tests on stems and branches of sound Hinoki 
cypress from various localities Isolat ion tests of C. abie- 
tina f rom 2-mo-o ld  seedl ings to 35-yr-o ld adult  cypresses 
were conducted on samples f rom various locali t ies, in- 
cluding Beppu, Oita Pref.; Kuzuo, Tochigi  Pref.; Ogawa,  
Ibaraki Pref.; and the FFPRI, Ibaraki Pref. 

For the isolat ion f rom the stems of adul t  t rees, f ive 
heal thy trees were  chosen at a plantat ion in Tochigi  Pref. 
Materials including inner bark were  col lected f rom t w o  
areas of s tems at 1.5 m in height. For the isolat ion f rom 
the branches, a branchlet  was  col lected f rom individual 
trees randomly  chosen at each site, and parts of the 3-yr- 
old were  chosen for isolat ion samples at the laboratory.  
The inner bark of individual samples was  surface steri- 
lized and used for the isolat ion as described above. For 
the isolat ion f rom 3-yr-old seedl ings, main s tems were  
used w i t h o u t  removing their  outer  bark. The s tems of 2- 
and 5-mo-old seedl ings were  used for the isolat ions 
w i t hou t  d iv id ing them into smaller segments and w i t hou t  
removing their  outer  bark. 
Isolation tests on stocked seeds Twenty -one  seed 
stocks of Hinoki cypress wh ich  were  col lected f rom vari- 
ous local i t ies and preserved at 8~  at the FFPRI were 
used for this exper iment .  Seeds were  surface steri l ized 
in the same manner  as the fresh seeds. One hundred 
seeds were  processed for  each seed stock.  
Inoculation tests on 8-yr-old Hinoki cypress in a nursery 
Cryptosporiopsis abietina (C29) cultured for 2 mo in a 
sawdus t  med ium contain ing rice bran at 20~  was  used 
as inoculum. A 5-cm-long wound  was  made be tween 
the bark and xy lem of the s tems of 10 8-yr-old Hinoki 
cypresses on 2 Nov. 1992, and the inoculum w a s  insert- 
ed into the wounds .  The wounds  were wrapped  com- 

pletely w i th  vinyl tape.  Ten addi t ional  cypresses served 
as controls,  being inoculated w i th  a fungus-free medium.  
Inoculation tests on 1-yr-old seedlings in a greenhouse 
For the exper iments ,  1-yr-old, g reenhouse-grown seed- 
lings of Hinoki cypress were t ransplanted in March 1992 
in clay pots ( 1 4 c m  in diam), three per pot.  These were  
kept in a greenhouse of the FFPRI th roughout  the experi-  
ment.  Inoculat ions were  done on 30 October 1992. 
Just  before inoculat ion,  the stem base of 30 seedl ings 
was  sl ight ly wounded  w i th  sandpaper,  and 30 other see- 
dl ings were inoculated w i thou t  being wounded.  Thir ty  
addi t ional  seedl ings served as controls.  As inoculum, 
conidia of C. abietina (C31) produced in 2-mo-old cul- 
tures on PDA plates were  used; af ter f i l ter ing off mycel ia l  
debris of cultures, conidia were  di luted w i th  dist i l led 
wa te r  and sprayed on the seedlings. Af ter  inoculat ion, 
the seedlings were  placed in a mois t  chamber for 2 d at 
20~  then t ransferred to the greenhouse. 

To conf i rm the colonizat ion of the inoculated fungus, 
isolat ions were  a t tempted  f rom the s tems of the see- 
dl ings 3 . 5 y r  af ter inoculat ion. The stem of a seedl ing 
was  divided into f ive equal parts. One 1-cm-long seg- 
ment  f rom the basal posit ion of each part was  used for  
isolat ions w i t hou t  removing outer  bark. 
Test of antagonism in paired cultures The antagonis t ic  
ef fect of 11 isolates of C. abietina (Table 1 ) against Guig- 
nardia cryptomeriae Sawada,  the cause of Guignardia 
dieback of Hinoki cypress, was compared on PDA in 90- 
mm Petri plates. Cryptosporiopsis abietina was inoculat-  
ed w i th  5-mm agar plugs at both ends of a line running 
through the plate center  and a l lowed to g row at 20~  in 
darkness. Three days later, 5-mm mycel ial  disks of G. 
cryptomeriae (GC61) were placed in the center of the 
plates, which were  then incubated under the same condi-  
t ions. The w id th  of t w o  inhibi t ion zones formed be- 
tween  the t w o  fungal  species in a plate and radial g row th  
of both species were  measured 9 d later. Six repl icates 
were  made for each isolate of C. abietina, 
Volat i le  antagonist ic test The effect of volat i le sub- 
stances produced by C. abietina on the g rowth  of G. 

Table 1. Isolates of Cryptosporiopsis abietina from Chamaecyparis obtusa. 

Isolate no. Parts from which Condition of Mo and yr Locality 
C.a. was isolated cypress a) of isolation 

C20 Seed N April 1992 
C21 Inner bark of stem N July 1992 

C22 Seed N April 1992 

C23 Cone scale N Dec. 1992 

C24 Cone scale N Dec. 1992 

C25 Cone scale N Dec. 1992 
C26 Seed N Dec. 1991 

C28 Inner bark of stem R June 1991 

C29 Inner bark of stem R Sept 1992 

C30 Inner bark of branch N July 1991 
C31 Inner bark of stem R June 1991 

Ibaraki 

Ibaraki 

Ibaraki 

Ibaraki 
Ibaraki 

Ibaraki 
Ibaraki 

Tokyo 
Tochigi 

Ibaraki 

Ibaraki 

a) Condition of cypress from which the fungus was isolated; N, no symptom; R, 
affected by resinous stem canker. 
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cryptomeriae and Seiridium unicorne (Cke. et Ell.) Sutton, 35 
the cause of Seiridium canker of Hinoki cypress, was in- 

o~ 30 vestigated in vitro. Inoculum discs (5 mm in diam) of C. ~- 
abietina were inoculated at the center of the PDA plates >" o 25 

C (90mm in diam). Two isolates, C28 and C30, were ~) 
used for this experiment. The plates were incubated at "~ 20 o" 
20~ in the dark. Four days later, a second set of Petri 
plates was inoculated with 5-ram mycelial plugs of G. ~- 15 c 
cryptomeriae or S. unicorne at the center of the PDA o 

�9 .~, 10 
plates. Immediately after inoculation, the upper lids of 
the plates containing G. cryptomeriae and C. abietina (4- "~ 5 0~ 
d-old culture) were removed and the tops of two culture 
plates were joined. The tops of plates containing S. 0 
unicome were also joined with the tops of the plates of C. 
abietina. The joined plates were wrapped with parafilm 
and incubated at 20~ Control plates were prepared in Fig. 
the same way without inoculating C. abietina on the 
medium. Colony diam of the inoculated fungi were 
measured every day for 11 d. 
Reproduction of the pine wood nematode on different iso- 
lates of C. abietina To compare the reproduction rate of Results 
the pine wood nematode Bursaphelenchus xylophilus, a 
mycophagous nematode and the causal agent of pine wilt 
disease, 11 isolates of C. abietina (Table 1) were allowed 
to grow on PDA Petri plates (60 mm in diam) at 20~ in 
the dark. When colonies covered the entire surface of 
the plates, a droplet of sterilized distilled water contain- 
ing 100 nematodes ($6-1) was placed on the plates. 
The number of nematodes was calculated after incubat- 
ing the plates for 12 d at 28~ in the dark. Three repli- 
cates were made for each isolate of C. abietina. Control 
plates were prepared by inoculating the nematode onto 
the colonies of B. cinerea in the PDA plates. 

[ ]  No.1 

[ ]  No.2 

[ ]  No.3 

[ ]  No.4 

[ ]  No.5 

m 
Seeds 

i .=i 

Cone scales Stem Branch 

Parts  of c y p r e s s  

1. Isolation frequency of Cryptosporiopsis abietina from 
different parts of five (nos. 1-5) 20-yr-old Chamaecyparis 
ob tusa. 

Isolation tests on different parts of sound Hinoki cypress 
When five 20-yr-old, sound Hinoki cypresses planted in 
the experimental forest of the FFPRI were sampled, C. 
abietina was isolated from the inner bark of branches of 
all five trees with an isolation frequency of 3-19% 
among segments tested, and from immature cone scales 
(still showing green color) and the inner bark of stems of 
four of the trees at a frequency of 15-30~ (Fig. 1). 
From matured seeds, C. abietina was isolated only from 
cypress no. 3 at a frequency of 3%. ;40 fungus was iso- 
lated from the current-year leaves and xylem of 3-yr-old 
branches of any of the trees tested. 

A sterile fungal species and Pestalotiopsis sp. on 

Fig. 2. Three colony types in color of Cryptosporiopsis abietina: green-yellow type (left), brown type (middle), and white type (right). 
Fig. 3. Apothecia of Cryptosporiopsis abietina produced on sawdust medium. 
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Table 2. Isolation frequency of Cryptosporiopsis abietina from sound Chamaecyparis obtusa. 

Locality Age of Number of Parts of Isolation frequency Isolation frequency 
cypress cypress tested cypress among cypresses among segments 

tested (%) tested (%) 

Beppu, Oita (plantation) 35-yr 10 Branch 
Kukizaki, Ibaraki (expt. forest) 20-yr 10 Branch 
Ogawa, Ibaraki (plantation) lO-yr 20 Branch 
Kuzuo, Tochigi (plantation) 20-yr 5 Stem 
Kukizaki, Ibaraki (nursery) 3-yr 18 Stem 
Kukizaki, Ibaraki (greenhouse) a~ 5-too 50 Stem 
Kukizaki, Ibaraki (greenhouse) a) 2-mo 60 Stem 

70 22 
80 8 
85 24 

100 19 
28 8 

0 0 
0 0 

a) Cryptosporiopsis abietina was isolated (4-17%) from the seeds when tested before seeding. 

cone scales, an unidenti f ied species which seems to be a 
d iscomycetous fungus on seeds, an unidenti f ied 
hyphomycete,  and a sterile species on the inner bark of 
stems and branches were more dominant.  

The colonies of the isolated C. abietina were divided 
into three types by color: green-yel low, brown, and whi te  
(Fig. 2). No clear dist inct ion was found in the colony 
types among the samples used for the isolation test. 
Neither were any dist inct ions found in the morphology of 
conidia among the three colony types. Apothecia of the 
Pezicula state were produced in cultures on a sawdust 
medium and PDA (Fig. 3). 
Isolation tests on stems and branches of sound Hinoki 
cypress from various localities Cryptosporiopsis abieti- 
na was isolated from the branches of 10-, 20-, and 35-yr- 
old cypresses and stems of 20-yr-old cypresses wi th high 
f requency among the trees tested, though the isolation 
f requency among segments tested was lower (8-24~ 
(Table 2). From the main stems, C. abietina was detect- 
ed in all f ive of the 20-yr-old trees and in 2 8 ~  of 3-yr-old 
seedlings tested. When the stems of 2- and 5-too-old 
seedlings were tested, the fungus was not isolated, 
though it had been isolated wi th 4-17~00 frequency from 
the seeds when tested before seeding. 

The species composi t ion of other fungi differed de- 
pending on the sample. 
Isolation tests on stocked seeds Isolation tests on six 
seed stocks were conducted in 1990 and 1991 (Table 3). 
In these tests, C. abietina was isolated only from the 
seeds of stock no. 8 8 - 0 2 6  col lected in Ibaraki Pref. in 
1988 wi th  an isolation f requency of 1 7 ~  in 1990 and 

3% in 1991. In the germinat ion rates of seeds, no clear 
dist inction was found between no. 8 8 - 0 2 6  and the other 
stocks. 

In June 1993,  further isolation tests were conducted 
on 21 seed stocks including 6 stocks used in the previous 
tests. Eight of these stocks had been collected in 1978,  
3 in 1988, and 10 in 1991. In this experiment,  the fun- 
gus was not isolated from any of the seed stocks. 

From stocked seeds, the isolation frequency of such 
other fungi as Photon sp., Colletotrichum sp. or 
Pestalotiopsis sp. was 3-10~0. 
Inoculation tests on 8-yr-old Hinoki cypress in a nursery 
No differences were found in symptom development be- 
tween the stems of inoculated trees and controls wi th in 
3 yr after inoculat ion, and the wounds healed over by cal- 
lus format ion. 
Inoculation test on 1-yr-old seedlings in a greenhouse 
No symptoms appeared on the inoculated seedlings and 
controls wi th in 3.5 yr after inoculat ion. 

In isolation tests on inoculated seedlings 3.5 yr after 
inoculation, C. abietina was reisolated from all 30 see- 
dlings whose stem bases had been sl ightly wounded wi th  
sandpaper just before inoculat ion (Fig. 4). The average 
isolation f requency among segments was 56~ The 
fungus was detected in 20~ of the seedlings inoculated 
w i thout  wounding wi th an isolation frequency of 20~0 
among segments tested. From control seedlings, C. 
abietina was not isolated. From controls and the see- 
dlings inoculated w i thout  wounding,  Papularia sp. was 
isolated wi th 63~oo and 8 3 ~  f requency among segments, 
respectively. 

Table 3. Results of isolation tests of Cryptosporiopsis abietina from stocked seeds of 
Chamaecyparis obtusa. 

Stock no. Year of Prefecture Isolation frequency of Germination rate 
of seeds collection where seeds C. abietina (%) of seeds (%) 

were collected in 1990 in 1991 in Petri dish in pot 

78-001 1978 Kochi 0 0 6 1 
78-013 1978 Nagano 0 0 46 26 
78-018 1978 Nagano 0 0 18 8 
88-026 1988 Ibaraki 17 3 22 13 
88-030 1988 Ibaraki 0 0 52 23 
88-051 1988 Kyoto 0 0 2 0.5 
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antagonistic effect against S. unicorne was less sig- 
nificant, though the colonies of S. unicorne apparently 
became thinner and paler in the presence of C. abietina 
(Fig. 8). 
Reproduction of pine wood nematode on different iso- 
lates of C. abietina When the pine wood nematode was 
cultured on different isolates of C. abietina, the reproduc- 
tion of the nematode on isolates nos. C20, 21, 26, 29, 
and 30 was not greatly different from that of the control 
(on B. cinerea) (Fig. 9). However, on isolates C22, 23, 
24, 25, 28, and 31, the reproduction of the nematode 
was significantly suppressed compared to the control. 

Discussion 

Fig. 4. Isolation frequency of Cryptosporiopsis abietina 
among 30 Chamaecyparis obtusa seedlings 3.5 yr after inocula- 
tion. 

Test of antagonism in paired cultures The width of inhi- 
bition zones between C. abietina and G. cryptomeriae va- 
ried according to the isolate of C. abietina (Figs. 5, 6). 
The inhibition zones were prominent in the paired culture 
using C. abietina isolates C28, 31, 25, and 24, which 
were of either brown or white colony type. The green- 
yel low type (C20, 21, 29, and 30) tended to show little 
or no antagonistic effect against G. cryptomeriae. Inhibi- 
t ion zones were not formed between G. cryptomeriae 
and C. abietina isolates C21, 29, and 3 0 .  A strong 
negative correlation (correlation coef f ic ient=0.839) was 
found between the colony diameter of G. cryptomeriae 
and the width of inhibition zones. 
Volatile antagonistic test In the volatile antagonistic 
test, the presence of a colony of C. abietina significantly 
inhibited the radial growth of G. cryptomeriae (Fig. 7). 
The degree of inhibition was higher in the C28 isolate 
(brown type) than in the C30 (green-yellow type). The 

In Japan, fruit-bodies of P. fivida, the teleomorph of C. 
abietina, have been recorded on dead branches of larches 
(Larix spp.) and pines (Pinus spp.) (Saho and Takahashi, 
1973; Kobayashi et al., 1990) and on the lesions of 
resinous stem cankers of Hinoki cypress (Kaneko et al., 
1985; Kobayashi et al., 1990). The Cryptospor/opsis 
state has been isolated from lesions with resin f low, 
which were formed by various causes on Hinoki cypress, 
Sawara cypress (Ch. pisifera (Sieb. et Zucc.) Endl.), 
Japanese cedar (Cryptomeriajaponica (L.) D. Don), and 
Japanese larch (L. kaempferi (Lamb.) Carriere) 
(Kobayashietal . ,  1990). Shoji (1990) iso la tedth is fun-  
gus from sound stems of eight tree species of Cupres- 
saceae collected from the Kanto district in central Japan. 
In Europe and North America, C. abietina is a common 
endophytic fungus found mainly on conifers, but also less 
frequently on some broad-leaved trees. 

The isolation tests of stems and branches of sound 
Hinoki cypresses collected at various localities revealed 
that C. abietina is an endophytic common colonizer in in- 
ner bark areas and cone scales of Hinoki cypress. The 
colonization rate of C. abietina on sound cypress was ap- 
parently not different from that on cankered Hinoki 
cypress, when the isolation frequency in the present 
study was compared with that on cankered cypresses by 
us (unpublished data) and by Kobayashi et al. (1990). 

Fig. 5. Inhibition of Guignardia cryptomeriae (center of plate) by Cryptosporiopsis abietina (both ends of plate) in paired culture. A. 
Wide inhibition zones between C. abietina (C28) and G. cryptomeriae. B. Narrow inhibition zones between C. abietina (C29) and 
G. cryptomeriae. C. Control (developed colony of G. cryptomeriae). 
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Antagonism in paired culture. A. Width of inhibition 
zone between different isolates of Cryptosporiopsis abietina 
and Guignardia cryptomeriae. B. Growth of G. cryptomer- 
iae colony in paired culture with different isolates of C. abie- 
tina. Bars=SE. 

Fig. 8. Growth of Seiridium unicorne showing volatile an- 
tagonistic effect by Cryptosporiopsis abietina (C30) (right) 
and control (colony of S. unicorne grown without C. abieti- 
na) (left). 

The fungus may also be common in o ther  conifers in 
Japan, because in our prel iminary exper iments  it was iso- 
lated f rom the branches of sound Japanese red and black 
pines and Japanese cedar. 

In our study,  C. abietina was rarely detected inside 
the seeds of l iving cypresses in a forest  and of a certain 
seed stock.  However ,  the fungus is probably not a seed- 
borne fungus, because it was  not  isolated f rom the see- 
dl ings g rown  f rom the seed stock,  f rom which  the fungus 
had been isolated. It is also believed that  C. abietina can 
survive inside seeds for  only a f e w  years, because the 
isolat ion f requency of the fungus gradual ly  decreased in 
these tests.  No clear tendency was  found in the germi- 
nat ion rate of seeds be tween the s tock where  the fungus 
had been isolated and the other stocks. This suggests 
that  C. abietina exist ing in cypress seeds probably does 
not af fect  the v iabi l i ty  of seeds, though more data are re- 
quired before a f i rm conclusion can be reached. 

In the inoculat ion tests on 1-yr-old seedlings in a 
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greenhouse, C. abietina was reisolated from almost all 
stem-heights of all the seedlings which had been inocu- 
lated just after wounding. On the other hand, the fun- 
gus was rarely isolated from seedlings which had been in- 
oculated wi thout  wounding. All uninoculated seedlings 
kept in a greenhouse remained uninfected by the fungus. 
This evidence reveals that C. abietina enters into the 
cypress through wounds, and its mycelia can probably 
grow in the inner bark area. Under natural conditions, 
however, the infection may also occur through juvenile 
shoots or cones. Further experiments are needed to 
confirm this possibility. Concerning spore states of the 
fungus, the anamorph produced on host plants has not 
yet been found in Japan, though the Pezicula state is 
rather common on dead branches and cankered lesions. 
This suggests an important role of ascospores in the dis- 
persal of the fungus under natural conditions. 

Some endophytic fungi from woody plants are sug- 
gested to have antagonistic effects on pathogenic fungi 
(Petrini, 1991) or harmful insects (Sieber and Hugento- 
bier, 1987; Johnson and Whitney, 1989). Confronta- 
tion and volatile tests in Petri dishes in our study indicat- 
ed that C. abietina produces antifungal substances in 
vitro. This may include both water-soluble and volatile 
substances, and the ability to produce antifungal sub- 
stances may differ depending on the fungal isolate. A 
comparison of colony types showed that the green-yel- 
low type seemed to have little or no antifungal effect. 

In terms of reproduction of the mycophagous pine 
wood nematode, C. abietina could be divided into two 
groups. One group comprised mostly of the green-yel- 
low colony type reproduced to the same degree as on B. 
cinerea, the control. In the other group, however, the 
reproduction of the nematode was retarded significantly. 
A comparison between the reproduction of the nematode 
on different isolates and the antifungal effect of these iso- 
lates showed a negative correlation ( 9 5 ~  level; correla- 
tion coef f ic ient=- -0 .672) .  This indicates that similar 
substance(s) may be involved in both the suppression of 
the nematode reproduction and the antifungal effect. 

Antifungal substances have been isolated from Cryp- 
tosporiopsis species containing C. abietina (Stilwell et al., 

1969; Fisher et al., 1984; Noble et al., 1991 ; Schultz et 
al., 1995). Our group (Yada et al., 1994) isolated a new 
sterol from mycelia of C. abietina and determined its 
structure. It has abscisic activity against Hinoki cypress 
leaves. Also, some phenol compounds have been isolat- 
ed from culture filtrates and mycelia of C. abietina (H. 
Sato, personal communication). The effects of these 
substances on other fungi, insects and host trees must 
be clarified to understand the significance of C. abietina 
in sound cypress. It must also be confirmed whether the 
fungus provides sufficient quantities of such antibiotic 
compounds in living trees to show antagonistic effects 
against pathogenic fungi or insects. 

Our study indicated clearly that we are able to pre- 
pare C. abietina-infected and -uninfected seedlings, a 
simple but important finding. By employing this tech- 
nique, the effects of C. abietina as an endophytic fungus 
against more aggressive pathogenic fungi or harmful in- 
sects should be studied in vivo. In addition, the exact 
tissue where C. abietina exists and how it can live in trees 
needs to be clarified. 

Cryptosporiopsis abietina has been reported as the 
causal fungus of the resinous stem canker of Hinoki 
cypress (Kobayashi et al., 1990). Slight canker forma- 
tion fol lowing inoculation with C. abietina has also been 
reported (Hayashi and Kobayashi, 1985; Yokozawa et 
al., 1986; Sakuyama et al., 1987). However, further de- 
velopment of the symptoms into typical resinous stem 
canker has not been reported by these authors. In the 
present study, no symptom appeared in the inoculation 
tests on 8-yr-old and 1-yr-old cypresses. No clear sym- 
ptoms appeared also in our inoculation tests on adult 
Hinoki cypress (unpublished data). These findings sug- 
gest that C. abietina has no clear pathogenicity to the 
Hinoki cypress. Inoculation tests wi th a European Pezic- 
ula species, P. cinnamomea (DC.) Sacc., showed it to be 
a weak parasite of red oak (Quercus rubra) causing cam- 
bium necrosis during the dormant season (Kehr, 1991). 
In this case, drought or some other factor was considered 
to act a predisposing factor for the onset of the disease. 
The same author (Kehr, 1992) indicated that P. cin- 
namomea is a common endophyte of red oak, and de- 
velopment of Pezicula canker is dependent on the reduc- 
tion of host vigor. Cryptosporiopsis abietina is also con- 
sidered to be a pathogen of a canker of weakened larch 
(Kowalski, 1982). Cryptosporiopsis abietina has severe- 
ly infected the vascular tissue of Picea abies seedlings 
grown sterilely in Petri dishes and caused the quick 
decline of spruce seedlings wi thout  mycorrhizae (Haug et 
al., 1988). This apparent pathogenicity in tree tissues 
contradicts the findings of many other reports, probably 
because the seedlings were grown sterilely in vitro. 

From the results of our and other inoculation tests, 
the possibility that C. abietina is a primary causal agent of 
the resinous stem canker of Hinoki cypress seems low, 
though the abscisterol from the fungus (Yada et al., 
1994) may have some stimulatory effects on the cypress 
trees. Suto (1992) reported Cistellajaponica Suto as a 
new candidate pathogen of the resinous stem canker of 
Hinoki cypress. As stated by Carroll (1988), or as in the 
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case of the Pezicula canker of Red oak in Europe (Kehr, 
1991),  many stem and leaf pathogens may have latent 
endophyt ic  stages in their  life cycles. In the process of 
s y m p t o m  deve lopment  of the resinous stem canker, the 
death of cambium zones results in the fo rmat ion  of 
cankers, usually several years af ter the f i rst  resin-exu- 
date appears in af fected lesions. In the case of the 
resinous stem canker of Hinoki cypress, the entire affect-  
ed tree is probably not  in a condi t ion of reduced vigor,  be- 
cause the d iameter  g row th  of t rees is usually not  sup- 
pressed. However ,  the part ial death of cambial  zones 
wi l l  create stress in l imi ted areas. In this case, we  need 
to clar i fy whe the r  C. abietina acts as a weak  pathogen af- 
ter the f i rst  resin-exudate appears or comple tes  its life cy- 
cle w i t hou t  showing  any pathogenic i ty  in host plants. In 
this regard, s l ight di f ferences have been observed in the 
recovery of art i f ic ial  wounds  be tween C. abietina-inocu- 
lated and contro l  trees in inoculat ion tests during the dor- 
mant  season of cypresses (Hayashi et al., 1985;  Yokoza-  
wa  et al., 1986;  Sakuyama et al., 1987).  

Kowalsk i  and Kehr (1996) suggested the sig- 
nif icance of endophyt ic  fungi  in the process of natural 
pruning of tree branches. An endophyt ic  fungus may 
help the tree to shed branches wh i le  protect ing the tis- 
sues of the main stem against  more aggressive fungi. 
Kaneko (1 992) found an endophyt ic  Asteroma species in 
immature  acorns of Japanese beech. The fungus 
caused the premature fal l ing of the acorns invaded by in- 
sects. In this case the fungus may help the tree by 
prevent ing the migrat ion of nut r iment  into useless 
acorns, though the acorn itself suffers disease. These 
are examples of "benef ic ial  disease for host"  caused by 
an endophyt ic  fungus. C. abietina produces a sterol 
w i th  abscisic act iv i ty .  This invi tes speculat ion tha t  C, 
abietina in sound cypresses may have an impor tant  role 
in natural pruning of branches. This role also needs to be 
clari f ied. 

Regarding the t a x o n o m y  of C. abietina and related 
species, no di f ferences were  found in the morphologica l  
character ist ics of P, fivida among Japanese col lect ions 
and North Amer ican specimens at the BPI (U.S.A.) and 
DAOM (Canada) (Kaneko et al., 1985).  No morpho log i -  
cal di f ferences exist  among isolates w i th  di f ferent co lony 
types. The same f inding was  noted by Kobayashi et al. 
(1990).  Isozyme and DNA analysis of various isolates 
including ours, however ,  revealed considerable dist inc- 
t ions (Jensen and Petrini, 1994).  The Japanese isolates 
we  provided were  shown to be a uni form group. In the 
future,  the taxonomica l  posi t ion of C. abietina and its tel-  
eomorph P. fivida f rom Japan should be reexamined by 
means including molecular  analysis. 
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