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Picea glehnii seedlings whose ages ranged from 2 to 5 years and which were growing in a P. glehnii-Abies sachalinensis 
natural forest where the surface had been scarified 6 years before, were assessed for the occurrence and types of ec- 
tomycorrhizae. Based on the macro- and microscopic characteristics, 34 types of ectomycorrhizae were classified. 
The basidiomycetes were clearly dominant and it was common to observe more than one type of mycorrhiza occurring in 
the same root tip. The diversity of mycorrhizal types and the presence of at least one type of ectomycorrhiza in a single 
seedling, observed in this work, indicate a very dynamic system of mycorrhizal formation in P. glehnii seedlings, which 
allows them to survive and grow in a forest surface subjected to soil scarification. 

Key Words ectomycorrhizal types; forest surface scarification; macroscopic and microscopic characteristics; Picea 
glehnii; seedling age. 

Results of many investigations on functioning of mycor- 
rhiza have demonstrated its important bearing on fores- 
try practices. Among well-kown benefits of mycorrhi- 
zae to the tree can be listed the improvement of seedling 
survival and growth by enhancing uptake of nutrients and 
water, lengthening root life, and protection against patho- 
gens (Mikola, 1973). 

Picea glehnii (Fr. Schm.) Masters is one of the most 
important "needle-leaf" trees of Hokkaido, especially in 
its east and north (Tatewaki, 1958), but mycorrhizae of 
this tree species have been little investigated. Natural 
occurrence of ectomycorrhizae in nursery beds was 
observed by Kasuya and Igarashi (1994). Under field 
conditions, Ogawa (1976) reported the presence of 
Tricholoma matsutake (S.Ito et Imai) Sing. as a mycor- 
rhizal fungus of P. glehnii at Mt. Meakan in Hokkaido. 
Fruitbodies of potentially ectomycorrhizal fungi, not only 
Tricholoma species but also Arnanita, Boletus, Cortinar- 
ius, Geastrum, Lepista, Russula, and Suillus, have been 
observed in P. glehnii forests (Igarashi, 1990, 1993; 
Takahashi, 1991), but the mycorrhizal associations of 
the fungal species have not been verified. Furthermore, 
all ectomycorrhizal fungi do not necessarily produce fruit- 
bodies, and even among them that produce fruitbodies, 
they may not be observed depending on the environmen- 
tal conditions, period of observation, and/or host plant 
(Trappe, 1977). 

One characteristic of P. glehnii forests is the 
presence of Sasa spp. covering the forest surface and 
reaching until 2 to 4 m in height. Surface scarification 
has been used as a forestry practice to remove Sasa spp. 
and to stimulate seed germination and tree growth 
(Watanabe and Sasaki, 1993). Unfortunately, this 

process removes not only the Sasa species, but also all of 
the organic layer and sometimes the upper part of horizon 
A, including natural mycorrhizal inocula. 

Considering that ectomycorrhizal fungi may play an 
important rote in the seed germination and establishment 
of trees after surface scarification, this work was carried 
out to investigate the occurrence and characterize the 
types of ectomycorrhizae associated wi th P. glehnE see- 
dlings in a natural forest composed of P. glehnii and Abies 
sachalinensis (Fr. Schm.) Masters. 

Materials and Methods 

Sampling On 16th September 1993, 15 samples of P. 
glehnfi seedlings, each of age 2, 3, 4 and 5 years, i.e., a 
total of 60 seedlings, were collected in a P. glehnii-A. 
sachalinensis mixed natural forest located at the Uryu Ex- 
perimental Forest, Northern Hokkaido. The forest stand 
(stand 320) had been scarified six years earlier (in Oc- 
tober 1987), for removal of Sasa sp. which covered the 
forest surface. The samples were taken in an area of 
lOm in width and 1.5km in length parallel to a forest 
road. In this area, besides P. glehnii seedlings, A. 
sachalinensis (smaller than 5Ocm) and Betula ermanE 
Cham. (smaller than 80 cm) and the shrub Rubus idaeus 
Linn. var. aculeatissimus Regel et Tiling were dominant. 
Macroscopic characterization The shoots were cut off 
and their height and butt diameter were measured before 
being discarded. The root systems were washed in run- 
ning water to remove adhered soil, blotted with a paper 
towels and cut into 1 - to 2-cm segments. Some of these 
were observed immediately under the stereomicroscope 
(Ingteby et al., 1990; Agerer, 1994) for mycorrhizal as- 
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Table 1. Types of  ectomycorrhizae of Picea glehni i  seedlings of  ages ranging f rom 2 to 5 years growing under a P. gtehnii-A. 
sachalinensis mixed forest,  classified according to the macro and microscopic characteristics. 

Type 

Color 

Macroscopic characteristics 

Ectomycorrhizae 

Main axis 
Ramification 

Microscopic characteristics 

Mantle Emanating hypha 
Hartig net 

Riz I) Thick- Structure hypha diam 2) 
Length Diam 2) Edge 31 ness Diam21 (/~m) Ab.5) LengthS1 CCI~ Diam21(/~m) 
(/Lrn) (#m) (/~m) IPV41 (/~m) 

01 black 

02 very dark grayish brown 

03 dark reddish brown 

04 dark reddish brown 

05 brown 

06 brown 

07 reddish brown 

08 dark yellowish brown 

09 yellowish brown 

10 yellowish brown 

11 yellowish brown 

12 yellowish brown 

13 yellowish brown 

14 brownish yellow 

15 brownish yellow 

16 brownish yellow 

17 brownish yellow 

18 brownish yellow 

19 brownish yellow 

20 yellow 

21 yellow 

22 yellow 

23 yellow 

24 yellow 

25 yellow 

26 yellow 

27 yellow 

28 yellow 

29 yellow 

30 pale yellow 

31 pale yellow 

32 pale yellow 

33 pale yellow 

34 pate yellow 

simple 

simple 

simple 

simple 

simple 

branched 

simple 

branched 

simple 

simple 

simple 

simple 

simple 

simple 

branched 

branched 

branched 

branched 

ranched 

s~mple/oval 

s~mple 

simple 

simple 

simple 

simple 

branched 

branched 

branched 

branched 

simple 

simple 

simple 

simple 

simple 

<6.5 <0.6 - cu 5-30 ns 1-4 1.5-4 + + +  long - 2-6 

< 5 < 1 + cs 20-30 is 1-2.5 1-2 + + + long + 2-5 

< 4 < 0.4 + cs 25-40 is 2-3 2-2,5 + short + 2-3 

<2 <0.3 + cs 15-35 ns 1.5-2 <1 + +  short + 1-2 

< 1.5 <0.4 - Io 5-20 ns 1,5-3 1.5-3 + + tong - 1,5-3 

< 8 < 0.4 + cu 10-25 is 2-3 2-3 + + short + 3-3.5 

<3  <0.4 - Io 2.5-20 ns 1-3 1-3 + + +  long + 1.5-3 

<4  <0.5 - cs 10-45 is 2-3 1.5-2.5 + short ÷ 2-3 

<3 <0.5 - cu 15-60 is 2-3 1.5-4 + +  short - 2-3 

< 5 <0.3 - cu 10-50 is 1-4 1-2 + + short + 1,5-3 

<7 <0.5 - Io 5-10 ns 2-3 1-4 + + +  long + 1.5-4 

<4.5 <0.5 - cu 5-75 ns 2-2.5 2-3 + +  short - 2-3 

< 5.5 < 1 - cu 5-20 ns 1-3 1-2.5 + + short + 2.5-3 

<1.5 <0.4 + cs 15-40 is 2-3 2.5-3 + short - 3-5 

< 4  <0.5 - cu 10-40 ns 1-1,5 2-3 + long + 2-2.5 

<5.5 <0.5 - cu 5-20 ns 1-3 1.5-3 + ÷ +  long + 1.5-3 

<6.5 <0.7 + cu 15-55 ns 1-3 2-5 + long + 2-5 

<8 <0.5 - cs 10-45 is 1-2 1-2 + + +  long + 1-2 

<5 <0.4 - cu 10-25 rs 1-2 1-2 -{ short + 2-2.5 

<1.5 <1.3 - cu 25-35 ns <1 <1 + + +  long - <1 

<1.5 <0.3 - cu 6-15 rs 1-3 1-2 + +  short - 1-2 

< 2 < 0.4 - cu 5-30 is 1-3 1-2 + + long + 1-2 

<10 <0.5 - Io 5-50 ns 1-5 1-3 + + +  long - 1-6 

<10 <0,8 - cu 5-30 is 1-2 1-3 + +  short + 2-3 

<8 <0,6 - cu 10-70 ns 1-3 1-4 + +  short + 1-3 

< 4 < 0.5 - cu 1 0-40 is 1-2.5 1-2 + short - 1-3 

<3.5 <0.3 - 1o 5-30 is 1.5-4 1,5-3 + +  long - 1-2 

<9 <0.4 - cu 5-40 ns 1-2.5 1-2 -I short - 1-2 

< 5 < 0.8 + cs 10-90 is 2-3 1-2 + + short + 1-3 

<2.5 <0.4 - cu 10-70 is 1.5-2 1.5-2 + + +  long + 2-3 

<1 <0.2 - Io 10-25 ns 2-4 1-2 + + +  long + 1.5-2 

<2.5 <0,3 - cu 5-30 ns 1-3 1-3 + +  short - 1.5-3 

<2.5 <0.3 + cs 50-100 is 2-4 2-4 + short - 2-4 

<4,5 <0.4 + cu 20-80 ns 1-2 1-2 + +  short + 1-2 

~) Riz=rhizomorph, CC=c lamp connection; + present and--absent:  2) Diam=diameter;  3) cu=compact-uneven,  cs=compact-smooth,  
Io= loose ly ;  4) IPV=inner  plan view: n s = n e t  synenchyma, is=i r regular  synenchyma, rs=regu lar  synenchyma; 5) Ab=abundance :  
+ + + abundant; + + f requent but not abundant;  + sometimes present; 6) Long: majori ty of  emanating hyphae are 1OO m; short: ma- 
jor i ty of  emanating hyphae < 100 m. Terminology of mantle edge and inner plan v iew is based on Ingleby et al. (1 990). 

s e s s m e n t  w i t h  r espec t  to  c o l o n i z a t i o n  s ta tus ,  co lo r  ( M u n -  

sel l  soi l  co lo r  char ts ,  1 9 9 0 )  f o r m  and s ize o f  e c t o m y c o r r h i -  

zae and to  v e r i f y  the  p r e s e n c e  o f  r h i z o m o r p h s  and the  

a b u n d a n c e  and  l eng th  o f  e m a n a t i n g  h y p h a e .  A s  t he  r o o t  

ha i rs  o f  n o n - m y c o r r h i z e d  r o o t s  w e r e ,  gene ra l l y ,  s h o r t e r  

t han  1OO/Lm, e m a n a t i n g  h y p h a e  w e r e  c o n s i d e r e d  to  be 

long w h e n  t he  m a j o r i t y  o f  t h e m  w e r e  l onge r  t h a n  

1 0 0  pm,  and s h o r t  w h e n  the  m a j o r i t y  o f  t h e m  w e r e  sho r t -  

er t h a n  1 0 0  [~m. 

Microscopic characterization The  rema in ing  s e g m e n t s  

w e r e  s t o red  in 2.5°//oo g l u t a r a l d e h y d e  in p h o s p h a t e  bu f f e r  

a t  4 ° C  f o r  la te r  e v a l u a t i o n  o f  m y c o r r h i z a l  m i c r o s c o p i c  

cha rac te r i s t i c s  (Haugh  and O b e r w i n k l e r ,  1 9 8 7 ;  I ng leby  et  

al., 1 9 9 0 ;  Agere r ,  1994 ) .  For th is,  s e g m e n t s  w i t h  t yp i ca l  

m y c o r r h i z a e  w e r e  se lec ted  and d e h y d r a t e d  in a g r a d e d  

e t h a n o l  (EtOH) -t- bu tano l  (n -BuOH)  ser ies  (EtOH: H20  
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(1 : 1); EtOH: n-ButOH: H20 ( 5 : 1 0 : 4 ) ;  EtOH: n-ButOH: 
H20 ( 5 0 : 1 9  : 31); EtOH: n-ButOH: H20 (50:  38 :  12); 
EtOH: n-ButOH: H20 (40 : 56 : 4); EtOH: n-ButOH 
( 2 4 : 7 6 ) ;  n-ButOH 100%) for 60 min each, and infi l trat- 
ed wi th paraffin. Transverse and longitudinal sections of 
10 f~m thickness were cut wi th  the aid of a microtome 
and the sections were stained wi th 0 .05% toluidine blue 

0 in distil led water  or safranin (l°J00 in EtOH 50%) and 
fast green (1% in EtOH absolute + clove oil). These seg- 
ments were observed under a l ight microscope wi th 
micrometer and photographic capabil it ies. The charac- 
teristics recorded were: diameter of emanating hyphae 
and presence of clamp connect ion, mantle edge, thick- 
ness and inner plan view, presence of Hartig net and di- 

4 

I 

7 3 

Figs. 1-8. Ectomycorrhizae of Picea glehnE seedlings, of ages ranging from 2 to 5 years growing in a P. gtehnii-A, sachalinensis mixed 
forest. 
1. Type 18 showing the branched ramification. 2, Type 20 showing the oval shape. 3. Type 1, branched mycorrhiza of Cenoc- 
cocum geophillum. 4-6. Two types of mycorrhizae occurring in the same root: C. geophillum (Type 1 ) with Type 25 (4), with Type 
4 (5) and with Type 11 (6) 6, 7. Mycelia of C. geophitlum (brown) and Type 16 (hyaline and with clamp connection). 8. 
Transverse section of mycorrhiza Type 25. Scales: 1 -6=0.5  mm and 7-8=20[~m. 
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ameter of hyphae in the mantle and Hartig net. 

Results and Discussion 

Averages of heights of shoots were 6.85, 8.46, 
17.25 and 26.34cm and diameter were 0.94, 1.43, 
2.75 and 5.30 ram, respectively for seedlings aged 2, 3, 
4 and 5years. Growth of these seedlings, both shoot 
and root systems, was about 2 to 4 times less than that 
seedlings in the nursery (unpublished data, 1993), 
although the latter showed many old and dead roots, es- 
pecially among the 4- and 6-year-old seedlings (Kasuya 
and Igarashi, 1994). Both samplings were conducted in 
the same period and in the same experimental forest, but 
five types of ectomycorrhizae observed in the nursery 
seedlings (Kasuya and Igarashi, 1994) differed from 
those observed under natural conditions. 

A total of 34 types of ectomycorrhizae were clas- 
sified after macro- and microscopic characterization 
(Table 1). Egli et al. (1993) observed 29 types in Picea 
abies (L.) Karst. in adult stands, whereas Yamada and 
Katsuya (1994) found 34 types in Pinus densiflora Sieb. 
et Zucc. seedlings and a total of 46 types upon considera- 
tion of the mycorrhizae associated with adult trees. 
Although the numbers of mycorrhizal types are close, it is 
not possible to compare the data, since this method of 
evaluation is subjective and there are differences due to 
fungus-host combination (Egli et al., 1993). Neverthe- 
less, according Ingteby et al. (1990), the microscopic 
characteristics of mycorrhizae seem to be largely host-in- 

dependent, i.e., mycorrhizae formed by the same fungus 
with different tree species were found to be similar. 

The colors varied from black to pale yel low and wi- 
thin the same color more than one type of mycorrhizae 
could be seen (Table 1). The color was very useful for 
the first screening, but a more definite classification of 
type was only possible after microscopic observation, as 
stated by Haugh and Oberwinkler (1987), Ingleby et al. 
(1990), Egli et al. (1993), and Agerer (1994). 

Mycorrhizal ramification was useful primarily to 
screen the branched (Fig. 1 ) versus oval (Fig. 2) mycorrhi- 
zae, but not for the simple one, which sometimes exhibit- 
ed branching, such as Cenoccocum geophillum Fr. (syn. 
C. graniforme (Sow) Ferd et Winge)(Figs. 3-6). The oval 
form (Type 20) was not found frequently, being associat- 
ed only wi th a 3-year-old seedling, and thus it was one of 
the more unusual mycorrhizal types (Fig. 2). 

The presence of rhizomorphs is useful to describe 
mycorrhizae, as well as the presence or absence of clamp 
connections (Haugh and Oberwinkler, 1987). The high 
number of mycorrhizal types presenting hypha wi th 
clamp connections indicates that basidiomycetes were 
dominant, but we are unable to identify the fungi beyond 
the group (Figs. 7, 8). The ascomycete C. geophillum 
(Type 1), however, was easily identified by the presence 
of thick and black hyphae (Figs. 3, 7). 

Some fungi placed into the same class type present- 
ed different abundances and lengths of emanating 
hyphae (Table 1). Since these characteristics can be 
modified with mycorrhizal age (Ingleby et al., 1990), they 
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• 2 year-seedling 
[] 3 year-seedling 
• 4 year-seedling 
[] 5 year-seedling 

Types of ectomycorrhizae 
Fig. 9. Frequency of ectomycorrhizal types as a function of the Picea glehnii age. 

See Table 1 for description of ectomycorrhizat types. 
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Table 2. Frequency of number of ectomycorrhizal types per 
seedling. 

Seedlings age 
(years) 

Number of ectomycorrhizal types/Seedling 

I 2 3 

2 5 8 2 

3 9 4 2 

4 5 7 3 

5 4 8 3 

were  not  used for the classif icat ion. 
Sporocarps of Thelephora terrestris Fr. could be ob- 

served in some 4- and 5-year-old seedlings, but  nei ther 
hypha l inked to the mycorrh izae nor typical  ectomycorrh i -  
zae of this fungus could be veri f ied when compared w i th  
the character ist ics described by Ingleby et al. (1990).  
The seedl ings present ing T. terrestris sporocarps rarely 
presented common  types of mycorrh izae.  No other  fun- 
gal sporocarp could be observed. 

The types of mycorrhizae and the f requency of these 
types in seedl ings of varying ages are presented in Fig. 
9. Some types were  present only in seedlings of a 
specif ic age and others in seedlings of  var ious ages. 
Cenoccocum geophil lum (Type 1) was  observe in seed- 
lings of all age and w i th  high f requency (Fig. 9), but  it 
was  a lways present in l ow  proport ion,  never dominat ing 
the root system. Mycorrh iza of Type 11 was  also ob- 
served in seedlings of  all ages. 

Chalet et al. (1988) and Allen (1991) reported that  
the occurrence of more than one type of mycorrhiza in 
the same plant, in the same root,  or even as in the same 
root  t ip is f requent.  This was  also veryf ied in this w o r k  
(Table 2) and it was easy to dist inguish the presence of 
di f ferent types among mycorrhizae w i th  di f ferent colors 
(Figs. 4-6) ,  or when the hyphae color and d iameter  were 
d is t inct  (Fig. 7), but  care is needed when these charac- 
ter ist ics are similar, requir ing detai led microscopic  obser- 
vat ions to conf i rm their dif ferences. 

Results presented in this paper were obtained w i th  
seedlings col lected in only one period, and the types and 
f requency of mycorrh izae present can vary w i t h  the 
period of  evaluat ion,  and the color and ramif icat ions can 
be also be altered by the developmenta l  stage (Ingleby et 
al., 1990; Terashima, 1 992),  indicat ing that  the number 
of mycorrhizal  types obtained here might  dif fer if see- 
dl ings were  col lected in var ious periods of  the year. 
However ,  the divers i ty  of mycorrhizal  types and the 
presence of at least one type of ectomycorrh iza in a sin- 
gle seedling, observed in this study,  indicates a very 
dynamic  system of mycorrhizal  fo rmat ion  in P. glehnii 
seedlings, wh ich  a l lows them to survive and g row  in a 
forest  surface subjected to soil scari f icat ion. 
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