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Summary 
The wood elements of Tilia japonica Simk. 

were identified in macerations and their size 
and frequency was studied in relation to dis
tance from the pith and height level in the tree. 
Elements were classified into a 'vessel group' 
composed of vessel members, tracheid-shaped 
vessel members and vascular tracheids; and a 
'fibre group' composed of Iibriform fibres and 
normal and abnormal fibre-tracheids. The ab
normal fibre-tracheids are wide and short cells 
with blunt ends, mostly in contact with ray or 
axial parenchyma or vessel members. They are 
of frequent occurrence near the pith and rapid
Iy decrease in frequency during the juvenile 
wood stage in Tilia japonica - they are consid
ered to be derived from juvenile cambium. 
There is a gradual transition from abnormal via 
normal fibre-tracheids to libriform fibres. On 
the other hand abnormal fibre-tracheids are 
hard to distinguish from tracheid-shaped vessel 
members and vascular tracheids in transverse 
section because of their wide diameter. Tra
cheid-shaped vessel members and vascular tra
cheids are also a feature of the juvenile wood. 
Juvenile wood in the trunk is defined as the 
wood within a 5 cm radius. At lower height 
level the zone is broader, in the crown region 
it is narrower as judged from the radial varia
tion of length, diameter and frequency of the 
wood elements. 

Introduction 
Basic density variations in a tree of Tilia 

japonica Simk. (Japanese basswood) were in
vestigated and the age and growth effects on 
density were reported in a previous paper (Fu
kazawa & Ohtani, 1979), in wh ich juvenile 
wood was characterised by its low density, and 
was defined as the region up to 7 cm from pith 
to bark at low height (below 1.3 m), 5 cm at 
medium height of the trunk and 2-3 cm near 
the crown. It was also indicated that the radial 
variation of cell percentages and wall thickness 
of wood elements were main factors to account 
for the age effects on density variation. These 
anatomical results were insufficient because it 
was difficult to distinguish the kinds of wood 
elements in cross section, especially in the juve
nile stage. 

In the present study wood elements were 
analysed and measured in macerated sam pIes 
fröm pith to bark at different height levels, in 
order to define juvenile wood on anatomical 
criteria. 

Material and Methods 
The sampIe tree of Tilia japonica used in this 

study was the same as tree No. I in the previous 
paper (Fukazawa & Ohtani, 1979). The tree 
was ISO years old, and 22 m high, 8 m in clear 
length and its breast height diameter was 0.44 
m. Small blocks and match-Iike sticks for mace
ration were taken at 1-5 cm intervals from pith 
to bark at the height of 1.3 m, 5.3 m and 11.3 
m from the main stern. These were kept in the 
Jeffrey's solution (5% chromic acid with 5% 
nitric acid) at room temperature for about two 
weeks (Jeffrey, 1917). The macerated cells 
were stained with a I % solution of methylene 
blue for one night and covered with glycerin
water. The size of cells was measured with a 
projecting microscope at a magnification of 
x 200. 

Results and Discussion 

Description ofwood elements 
In juvenile wood, especially near the pith, 

there were numerous unidentified cells with 
thin walls and small diameter as seen in trans
verse sections which we could not classify ex
actly in the previous study(Fukazawa & Ohtani, 
1979). On the basis of their morphology as 
seen in macerations the wood elements could 
be classified into the following cell kinds: 
A. Vessel members. Tubular elements with 2 

simple perforations and spiral thickenings on 
the inner surface of secondary wall. 

B. Tracheid-shaped vessel members. Cells re
sembling vascular tracheids except for having 
I simple perforation. 

C. Vascular tracheids. Imperforate cells with 
spiral thickening. 

D I. Libriform fibres. Long, narrow cells with 
small simple pits and po in ted ends. 

D2. Fibre-tracheids of the normal type. Fibre
like tracheids with bordered pits and pointed 
ends. 

Downloaded from Brill.com05/19/2023 07:30:08PM
via free access



202 

1000 

..c 
Cl 

~ 500 

CD 
2000 

---- 1500 
~ 

..c 

~1000 
C\,) 

500 

o 

(- 0.5 crn frorn 
o A 
e B 

. '" • C 
• lA ll. 

25 50 

pi th) 

75 
Ce I I dia rn e te r (}L ) 

12-13 crn 

IAWA Bulletin n.s., Vol. 3 (3-4), 1982 

(1-2crn frorn pith) 

1500 
A • 

1000 

500 

100 50 75 25 
frorn pith ) (,;\2 

\V Cell diameter (J.1-) 

25 50 75 100 

Fig. 1- 3. Scatter diagrams of ccll Icngth 
and cell diameter. A: vcssel members; B: 
tracheid-shaped vesscl members; C: vascu
lar tracheids; D I: libriforrn fibres; D2: 
fibrc-trachcids of the normal type; D3: 
fibrc-trachcids of thc abnormal type. 

Fig. I : 
Juvenile wood, 0- 5 em from the pith. 

Fig.2: 
Juvenjje wood, 1- 2 cm from the pith. 

Fig.3 : 
Adult wood, 12- 13 cm from the pith. 
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D3. Fibre-tracheids of the abnonnal type. Wide 
and short cells with bordered pits and blunt 
ends. 

E. Ray parenchyma cells. 
F. Parenchyma strands. 

In this study, discussions are mainly focused 
on the morphological variations of the cells be
longing to vessel (A, B, C) and fibre (Dl, D2, 
D3) groups as described above, because prelim
inary observations showed that the radial varia
tion in the morphology of these cells is very 
significant for the discussion of juvenile and 
adult wood of Tilia japonica. 

The term and definition of tracheid-shaped 
vessel members (B) were based on the descrip
tion by Greguss (1959) who recorded them in 
many hardwood species but not in Tilia. This 
type of cell can be considered an imperfect ves
seI member. 

Individual cells belonging to the fibre group 
(Dl-D3) were not easy to divide into three 
kinds because intermediate fonns were often 
found. Microscopic observations on cell shape 
(tapering ends) and pits were complemented 
with criteria derived from celllength and width. 
The distinction of three fibre kinds was con
sidered useful for a discussion of age effects on 
wood elements. Panshin and De Zeeuw (1980) 
mentioned that fibre-tracheids and librifonn 
fibres may occur in the same wood, and that 
transitions between them are often so gradual 
that it may be arbitrary to assign a given cell to 
one or the other type. According to them, 
American basswood has only fibre-tracheids, 
while Yamabayashi (1938) and Kanehira (1926) 
reported that Tilia japonica has only librifonn 
fibres. Greguss (1959) illustrated the wood ele
ments of European Tilia species and showed 
vessel members, tracheids, librifonn fibres, 
fibre-tracheids and parenchyma cells. The fibres 
were mainly of the librifonn type; fibre-tra
cheids occurred only occasionally. 

Variation of cell size within a sampIe spot 
Cell length and diameter were measured of 

about 300-400 cells in each sampIe spot. Mea
surements were made of each element in a field 
of view, regardless of cell kind. Scatter diagrams 
of length and diameter of cells in two separate 
juvenile wood regions and one adult wood re
gion are shown in Figs. 1-3. In the region near 
the pith, elements of the vessel and fibre group 
could not be distinguished clearlyon the basis 
of their size, because of limited scatter and 
considerable overlap (Fig. 1). The distinction 
between the two groups became more easy in 
the outer juvenile wood region and separation 
was almost perfect in the adult wood region 
(Figs. 2 & 3). The diameter of cells near the 
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pith overlapped in the range of 15-40 /lm and 
only part of the vessel fraction is beyond this 
range; 1-2 cm from the pith, the length ofthe 
fibre group elements is clearly distinguished 
from those of the vessel group, but cell diame
ter still overlapped considerably. Cell diameter 
is thus a poor criterion to distinguish elements 
in the juvenile wood, except for wide vessel 
members and very narrow librifonn fibres. In 
the adult wood the fibre group is not only 
separated from the vessel group by cell length 
but also by diameter, with a boundary value of 
c. 35 /lm. The cell types in the vessel group are 
sfrikingly different in diameterbut not in length. 
The vascular tracheids are narrowest, and the 
tracheid-shaped vessel members of medium dia
meter. In contrast, the cell types belonging to 
the fibre group did not differ substantially from 
each other in diameter, but their lengths differ
ed considerably. Librifonn fibres were narrow
est and longest; fibre-tracheids were wider and 
shorter; especially fibre-tracheids of the abnor
mal type were shortest and resembled vascular 
tracheids in size values. 

Consequently, adult wood has a characteris
tic pattern in wood element size which is con
sidered nonnal for the species, but juvenile 
wood does not show a distinct pattern. 

Ceillength variation from pith to bark 
Fig. 4 shows the radial variation of celllength 

at different height levels in the trunk. The dif
ferences in celllength between the various fibre 
types increased from the pith outwards at all 
height levels. Increase in celllength was consid
erable for librifonn fibres and normal fibre
tracheids; in fibre-tracheids of the abnonnal 
type it was limited. The curves at the 1.3 m 
level showed an increase followed by a decrease 
in length. Length remained more or less con
stant after the juvenile period at the other 
height levels. Possibly the length of fibres was 
affected by root swelling (not reflected in the 
shape of the trunk) at 1.3 m. Juvenile wood 
could be defined as the central core with a ra
dius of 8 cm at 1.3 m height, of 4 cm at 5.3 m 
height and of 3 cm at 11.3 m. Vessel member 
length at the 5.3 m level increases from the 
pith outwards in a similar pattern as the fibres, 
but at the other height levels variation is very 
limited. The region of length increase was lim
ited to a narrow core with a radius of 2 cm, 
and juvenile wood cannot be detennined from 
the length variation in vessel elements. 

Cell diameter variation from pith to bark 
Fig. 5 shows the curves of radial variation of 

average cell diameter at different height levels. 
Vessel elements (A) increased in diameter -
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Fig. 4. Radial variation in celliength at 1.3 m (left), 5.3 m (centre), and 
the trunk. 
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Fig. 5. Radial variation of cell diameter at 1.3 m (left), 5.3 m (centre), and 11.3 m (right) height 
in the trunk. 

first rapidly, then more slowly - at all heights. 
Tracheid-shaped vessel members (B) and vascu
lar tracheids (C) reached a more or less con
stant diameter after a gradual increase in the 
juvenile period. In the fibre' group diameter 
changes were less marked but an increase from 
the pith outward in the juvenile phase can be 
observed, except in the libriform fibres of the 
lowest sampling level. 

According to Panshin and De Zeeuw (1980), 
fibres do not all conform to one pattern of dia
meter variation; they distinguish between: I. 
moderate increase throughout; 2. decrease fol
lowing an initial increase near the pith; and 3. 

more or less constant diameter with incFeasing 
distance from the pith. The irregular pattern of 
variation at the lower height level could be 
caused by root swelling. In this part of the 
trunk one frequently finds extremely wide or 
narrow rings. 

Juvenile wood can be delimited as the core 
of 4-5 cm radius at low and medium height 
level, and of 3 cm at the upper height level, as 
based on the variation in vessel diameter. 

Frequency of the different wood elements 
In our previous study the estimation of the 

percentage of wood elements per unit cross 
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Fig. 6. Radial variation in frequency of wood 
elements at 5.3 m height level in the trunk. 

sectional area was not easy because the differ
ent element types were indistinguishable from 
each other in the juvenile wood (Fukazawa & 
Ohtani, 1979). In this study we counted the 
number of each type of element in complete 
fields of view of maceration slides. The total 
number of elements per sampIe spot ranged 
from 1200-1500. Fig. 6 shows the variation 
in frequency at the 5.3 m height level. It is 
noteworthy that the three different fibre types 
occur in about the same frequency near the 
pith, but the libriform fibres (D I) and normal 
fibre-tracheids (D2) rapidly increase in frequen
cy until they reach a stable percentage in the 
adult wood, whilst the fibre-tracheids of the 
abnormal type (D3) decrease rapidly in number 
to reach a constantly low percentage. This 
phenomenon is of great importance in defining 
juvenile wood in Tilia japonica. In the core re
gion with a radius of 4-5 cm juvenile wood is 
characterised by a marked increase or decrease 
in frequency of its respective fibre types. 

The characteristics oljuvenile wood 
Fibre-tracheids of the abnormal type from 

both juvenile and adult wood are shown in Fig. 
7. Fig. 8 shows a thin cross section of 1 Ilm 
taken from juvenile wood, in which many thin
walled and some large-sized cells can be observ
ed adjoining the rays in the earlywood of the 
annual increment. From thin sections we were 
able to roughly distinguish between vessel and 
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fibre groups because fine details can be ob
served; however, both groups are hard to dis
tinguish in a section of 15 Ilm. Fibre-tracheids 
of the abnormal type showed pits with oval 
apertures in juvenile wood which became slit
like in adult wood (Fig. 7). The shape of the 
cell ends did not change from the pith out
wards. This abnormal type of fibre-tracheids 
arises especially from juvenile cambium and is 
almost eliminated by mature cambium. It will 
be evident that the transition from abnormal 
via normal fibre-tracheids to libriform fibres 
is a gradual one in Tilia japonica. 

As shown in Fig. 6, the tracheid-shaped ves
sei members and vascular tracheids are lower in 
frequency than any other element, and even 
decrease in number outwards from the pith. 
They were also considered elements arising 
from a juvenile cambium. They often occur in 
association with vessels, especially in the late
wood zone (Fig. 8). 

The ex {ent 01 juvenile wood in Tilia japonica 
The present results on variation in fibre 

length, cell diameter and cell frequency indi
cate that juvenile wood can be structurally de
fined as the core region with a radius of c. 5 cm 
in the trunk of Tilia japonica. It is somewhat 
more extensive at lower height levels and nar
rower at higher levels (crown region). At the 
5.3 m level, the juvenile wood counted 28 an
nual rings. These observations are in good 
agreement with the definition of juvenile wood 
as based on low density values (Fukazawa & 
Ohtani, 1979), wh ich resulted in radii of 7, 5, 
and 2-3 cm for lower, medium, and upper 
height level respectively. 
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Fig. 7. Fibre-tracheids of the abnonnal type (D3) in juvenile (top) and adult wood (bottom). -
Fig. 8. I J..tm cross section ofjuvenile wood (1-2 cm from pith) at 3.3 m. 
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