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by 
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Summary 
Septate wood fibres with vestures were found 

in the secondary xylem of Damnacanthus indi
cus Gaertn. fil. (Rubiaceae). The vestures were 
always associated with newly deposited thick
enings. Their morphology is illustrated by SEM 
micrographs. 
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Introduction 
Vestured pits or vestures are weil known to 

occur in vessel elements, tracheids and fibre
tracheids in the secondary xylem of a limited 
number of dicotyledonous species. Recently, 
vestures have also been reported to occur in 
axial parenchyma cells of Lasianthus japonica 
Miq. (Ohtani, 1986). However, their occurrence 
in septate wood fibres of any species has so far 
not been recorded (Butterfieid & Meylan, 1976; 
Ohtani et al. , 1983). 

This paper reports on the occurrence of ves
tures in the septate wood fibres of Damnacan
thus indicus Gaertn. fil. (Rubiaceae) and pre
sents SEM micrographs to illustrate the mor
phology of both the vestures and the septa te 
wood fibres which possess them . 

Materials and Methods 
Fresh wood sampies were taken from three 

different shrubs (height 80- 90 cm, stern diam
eter 8- 10 mm) of Damnacanthus indicus grown 
at Wakayama Experiment Forest, Hokkaido 
University. The specime'ns were cut to about 
7 x 5 x I mm and dried slowly at room temper
ature. They were mounted on specimen stubs 
using electrically conductive paste and then 
coated with carbon and gold . The longitudinal, 
radial and tangential surfaces were examined at 
8- 15 kV in a JSM-35CFII scanning electron 
microscope. 

Results and Discussion 
All the vessel pits were vestured and the ves

sei walls were overlaid with avestured (or 
warty) layer as shown in Figure 1. Openings in 
the perforation plates, which were mostly sim
ple, were also vestured. An example is shown in 
Figure 2. The wood fibres were septate. Most 

of them were of the usually reported type, 
having thin transverse walls across the lumen as 
shown in Figure 3. Their inner wall surface was 
smooth and the pits wh ich were small with len
ticular apertures were not vestured. However, 
so me septate fibres were found to possess ves
tures and these always arose from newly depos
ited wall thickenings. 

Figures 4, 5 and 6 show examples of septate 
fibres having vestures on weakly developed 
thickenings. In Figure 4 a septum has separated 
into two thin walls by the cutting action during 
sampie preparation . It has already been shown 
that a septum is composed of amiddie lamella 
and two primary walls (Parameswaran & Liese, 
1969). Therefore, each of the separated thin 
walls shown in this figure is one of two primary 
walls composing the septum. The septum had 
been originally located at the position labelIed 
A in the figure. Portions of BI , Cl and D 1 in 
the upper primary wall had been originally at
tached to B 2 , C 2 and D 2 , respectively, in the 
lower wall. Figure 4 clearly shows that the up
per of the two primary walls composing a sep
tum continues over the inner surface of the 
secondary fibre wall. The region labelIed E 
shows the outer surface of this primary wall 
which has been deposited on the secondary 
wall. Dense vestures (arrowed in Fig.4) arise 
from weak thickenings deposited on the new 
primary wall covering the original secondary 
wall . Weak thickenings with vestures are found 
in the septate chamber in the lower half of 
Figure 5, but not in the chamber in the upper 
half. Thickenings are also found on the septum 
(arrowed in Fig. 5) which are continuous with 
those on the fibre wall. Figures 5 and 6 show 
dense vestures arising from the thickenings that 
are irregularly arranged on the fibre wall. Some 
of the vestures are branched. Vestured thicken
ings have also been found crossing a pit aper
ture (arrowed in Fig. 6). 

Figures 7, 8, 9 and 10 show examples of ves
tures in septate fibres which have moderately 
developed thickenings. Helical thickenings are 
shown in Figure 7, and in Figure 8 an enlarged 
detail is shown. Both figures show vestures 
arising from both sides of the helical thicken-
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ings. Some of these are branched; sm all un
branched ones also occur sparsely on the inner 
surface of the helical thickenings. Helical thick
enings such as these were the most common 
type observed in this study. Their outer appear
an ce is quite similar to those observed on vessel 
walls (Ohtani et al., 1984a). The thickenings in 
Figure 9 are more developed than those in Fig
ures 7 and 8. The septum in Figure 9 appears 
to be thicker in cross section than those in Fig
ures 3, 4 and 5, because it has been cut through 
a region where thickenings have been deposited 
on the inner sides of both primary walls com
posing the septum. Dense vestures arise from 
the sides of thickenings into the depressions. 
Most of them are branched. The thickenings 
shown in Figure 10 are reticulate. They partly 
cover a pit aperture (arrowed in Fig. 10). Nei
ther thickenings nor vestures seem to be asso
ciated with the pit regions. Vestures arise from 
the thickenings in a similar mann er to those 
shown in Figures 7, 8 and 9. 

Figures 11, 12 and 13 show examples of weil 
developed vestured thickenings in septate fibres. 
Figure 11 shows on the left hand side a septate 
fibre having weil developed thickenings with 
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vestures and on the right hand side avessei ele
ment. Figure 12 is a detail of the septate fibre 
shown in Figure 11. The cross sectional shapes 
of the thickenings can be seen on the right hand 
side of Figure 12. This figure shows c1early that 
they (labelIed A) are deposited on the second
ary fibre wall (labelIed B) and that branched 
vestures (arrowed) extended from the thicken
ings into the depressions. Figure 13 shows an 
example of thickenings which are most strong
Iy developed. These thickenings occupy the 
entin'l inner surface except for small oval de
pressions and a pit (arrowed). Vestures arise 
from the thickenings into these depressions 
which appear just like vestured pits viewed 
from the lumen side. When the thickenings are 
occasionally not deposited in the region of the 
original pit aperture, a true vestured pit (ar
rowed) is formed. 

In Figure 14 part of the thickenings (A I) in 
a septate fibre has been detached from the 
fibre wall (A 2) in the lower septate eh am ber. 
The portion B had originally been deposited on 
the lower side of the septum (S). The portion C 

(text continued on page 66) 

Explanation of Figures 1-16 (Damnacanthus indicus): 

Fig. I. Inner surface of avesseI wall. - Fig. 2. Vestures on the rim of a simple perforation plate. -
Fig. 3. Septate fibres; S: septum. 

Fig. 4. A septate fibre with vestures on weak thickenings. A shows the original position of the sep
tum. B" C, and D , in the upper primary wall had been attached to B2 , C2 and D2 in the lower 
one, respectively. E shows the outer surface of the primary wall. Arrows show vestures arising from 
weak thickenings. - Fig. 5. A septate fibre with vestured thickenings in the lower septate chamber 
only. Arrows show the vestured thickenings deposited on the septum. - Fig. 6. Irregularly arranged 
weak thickenings having dense vestures. Arrow shows the vestures crossing a pit aperture. - Fig. 7. 
Helical thickenings with vestures. 

Fig. 8. A detail of part of Figure 7. - Fig. 9. Helical thickenings with vestures. - Fig. 10. Reticulate 
thickenings with vestures. Arrow shows vestured thickenings covering part of a pit aperture. 

Fig. 11. On the left hand side a septate fibre with vestured thickenings and on the right hand side a 
vestured vessel element. - Fig. 12. A detail of part of the septate fibre in Figure 11. A and B indi
cate the cutting surfaces of the thickenings and fibre wall respectively. Arrows show vestures arising 
from the thickenings and extending into the depressions. 

Fig. 13. The inner surface of a septate fibre with well developed thickenings viewed from the lumen 
side. Arrow shows avestured pit. - Fig. 14. Part of a septate fibre having vestured thickenings. A, 
is detached [rom A 2 • B had been deposited on the lower side of septum (S). C shows the inner sur
face of the thickenings. Details of D and E are shown in Figures 15 and 16, respectively. 

Fig. 15. A detail of area D in Figure 14. - Fig. 16. A detail of area Ein Figure 14. 
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shows the inner surface of the thickenings. In 
the present study the thickenings containing 
the primary wall were not uncommonly found 
to be detached from the inner surface of the 
secondary wall. This phenomenon is further 
evidence that the primary wall is continuous 
with the septum and is easily separated from 
the secondary wall of the septate fibre (Butter
fieId & Meylan, 1976). Details of the portions 
of D and Ein Figure 14 are shown in Figures 
15 and 16, respectively. 

In Figure 15 thickenings are deposited on 
the inner surface of the fibre wallleaving irreg
ular shaped depressions. Branched vestures arise 
from the sides of the thickenings and extend 
into the depressions. Sm all unbranched dense 
vestures also spread out on the inner surface of 
the thickenings. In Figure 16, except for the 
small oval depressions, the whole inner surface 
consists of the thickenings. Vestures arise from 
the margin of the depressions. As shown in Fig-
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ures 15 and 16, differences in their develop
ment of both vestures and thickenings were of
ten found between two adjacent septate cham
bers. These differences could be quite extreme. 
For example within one septate fibre it was 
found that one chamber could have weil devel
oped vestured thickenings whereas the adjacent 
one could have no thickenings. 

Septate fibres having vestured thickenings 
occurred only rarely and were irregularly dis
tributed in the secondary xylem. However, 
they could always be found in all wood sam pIes 
from each of the three different shrubs inves
tigated, though their occurrence differed in 
degree among the sampIes. Although vestured 
thickenings vary considerably in their morphol
ogy, their occurrence is considered to be a 
characteristic structural feature in the septate 
fibres of Damnacanthus indicus. 

The results of the present study show that 
vestures arise only from the newly deposited 
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secondary wall thickenings and not from the 
primary wall. This suggests that they are form
ed by the oversupp1y of wall material from the 
protoplast at the final stage of the secondary 
wall formation process (Ohtani et al., 1984b). 
During this final stage, the depressions formed 
between the thickenings provide favourable 
sites where excess wall material from the proto
plast is deposited onto the secondary wall. Pro
vided that such conditions are fulfilled, vestures 
would be formed not only in the pits of tra
cheary elements, but in any region of similar 
morphology occurring in other cells. 

Some hypotheses on the function of ves
tured pits in the living tree have been proposed 
(Zweypfenning, 1978; Carlquist, 1982). Based 
on the conditions of vesture formation men
tioned above, and on the evidence that vestures 
can occur in septate fibres and axial parenchy
ma cells, vestures themselves are not considered 
to have a positive function c10sely associated 
with only pits of tracheary elements. 
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