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The Determination of T ens ion Wood in Ash 
with the Aid of the Phase-contrast Microscope 

CLARKE1, 0NAKA 2, DADSWELL a nd W ARDROP 3 have 
concerned themselves with investigations into the oc­
c urrence of t ension wood in ash-trees (Fraxinus spp.) . 

Tension wood is a form of so-called reaction wood, 
occurring especially in hardwood , primarily on the upper 
side of limbs and stems of leaning trees. 

Authors describing the occurrence of t ension wood 
(i.al. RENDLE 4 , J AYME and HARDERS-STEINHAUSER5) 

assu m e that the most striking characteristic of t ension 
wood visible in a cross-section is its strongly refractive 
layer, mostly ring-shaped, ly in g wholly or in part against 
the inner side of the fibre wall. The layer is indicat ed in 
literature among others by the following names: Gelatin­
ous layer 4 , Mucilaginous layer6 , Zugh olzlamelle 5 • 

With the aid of staining reactions, the results of which 
were checked by means of ultra v iolet microscopy, 
DADSWELL and WARDROP3 showed that no trace of lignin 
was present in the gelatinous wall. 

Recent investigations 7 show with a considerable de­
gree of certainty by m eans of X-diagrams that this 
exclusive layer is fo r t he greater part composed of cellu­
lose w ith a high degree of orientation . 

1 S. H. CLARKE, Forestry 13, 1, 68 (1939) . 
2 F . ONAKA, V\lood R es. Bull. v\lood Res. Ins t., No. 1, Kyo to 

University, K yoto (1949) . 
3 H. E . DADSWELL and A. B. \ VARDROP, Strncture , properties, and 

formation of tension wood. Paper to be presented to sub-sec ti on 13 b. 
For. Anatomy. 8 t h Internat. Congress Botany, Paris (1954). 

4 B . J . RENDLE, T ropical woods 52, 11 (1937). 
5 G. J AYME and M. HARDERS-STE INHAUSER, Das Papier 4, 7/8, 104 

(1950). 
6 E. CH. J EFFREY, The Anatomy of woody plants (Chicago, 1917). 
7 A. B. WARDROP and H. E. DADSWELL, Austr. J. Sci. Res. [BJ 1, 

No. 1, 3 (1948). 
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Fig. 1. - Cross-sec tion of ash-tree containing tension wood (300 x ). 

The most charact eristic m ethod, which is consequently 
unanimously prescribed to demonstrate the occurrence 
of tension wood, is carried out in the following way. 
A cross-section of the wood under investigation is treat ed 
with stains or reagents eminently suitable for r endering 
cellulose visible. 

Three methods are summarized b elow which are b eing 
successfully used for applying so-called contrast staining 
suitable for a microscopic identification of t ension wood . 
The effect of contrast staining is due to the fact that the 
cellulose of the ring takes a colour different from the one 
taken b y the wall containing lignin. 

(1) Chlor-zinc-iodine. Chlor-zinc-iodine is the reagent 
m ost widely used for determining reaction wood. The 
rings are stained v iolet, the rest of the cell wall yellow, 
this effect giving a very clear contrast. 

(2) Phloroglucin-hydrochloric acid. This reagent used 
t o examine the lignification in the cell wall yields an 
uncoloured ring and a more or less reddish "wall" in 
r eaction wood. 

(3) Safranin-fast green. Staining with Safranin-fast 
green results in a green ring and a red "wall", 

When, however, an attempt is made at determining 
the occurrence of reaction wood in ash by m eans of the 
three staining reactions afore-mentioned, the diverse 
results obtained in this case prove to be contradictory. 
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Fig. 2.-Cross-section of ash-tree containing no tension wood (300 x ). 

In our laboratory an investigation was carried out on 
wood growing at the upper side of an excentric ash 
branch (diamet er 3 cm ) . After sawing, the upper side 
of the branch sh owed a glossy appearance. This feature 
may be closely con nect ed with the occurrence of t ension 
wood. H ence we may reasonably expect that there are 
t ension wood fibres in the upper side of the branch 
under investigation. Cross-sections m easuring 15 µw ere 
made without pre-boiling the wood , the sections dropped 
into water. The results of the three staining m ethods 
applied t o the cross-sections of ash wood were as fo llows : 

(1) Chlor-zinc-iodine. There was no trace of v iolet 
rings . The fibre walls were stained t otall y yellow. 

(2) Phloroglucin -hydrochloric acid. T he entire fibre 
wall is stained light pink. Uncoloured rings a re not 
observed. 

(3) Safranin-fast green. The secondary layer stains 
green and the other layers red. 

From these staining reactions n o reliable conclusions 
can b e drawn as to the occurrence of t ension wood in ash. 

The m ethods (1) and (2) sh ow that no "gelatinous" 
ring is present and that in the cross-sections no fibres 
of t ension wood occur. 

The staining m ethod (3) is indicative of a very thick 
layer of cellulose . 

3 



On account of these results, the three staining methods 
as such may not b e used to indicate so-called tension 
wood . The cell wall of the t ension wood fibre is likely t o 
have a particular chemical constitution making it im­
possible to reveal the ring in a reliable way by m eans of 
the three staining methods . H ence, up to the present, 
no investigator has succeeded in det ermining t ension 
wood in ash-trees i. Tension wood in ash remains in­
visible if we confine ourselves to the use of staining 
methods. Consequently we h ave made an attempt at 
d em onstrating the occurrence of t ension wood in ash 
quite differently, in a physical way. For this purpose we 
used the phase-contrast microscope . 

As starting material we used cross-sections m easuring 
5 µ as described above and as control t est material cross­
sections of the wood growing at the lower side of the 
branch. The latter sections normally have no .tension . 
wood. 

The cross-sections were examined in a suitable em­
bedding material with the aid of the phase-contrast 
microscop e. Figures 1 and 2 show the results, Figure 1 
giv ing a cross-section containing tension wood. The 
darker ring is identical with the so-called gelatinous 
layer having a substance with a refractive index of 
about 1.536. 

The u se of the phase-contrast microscope actually 
enables us t o make visible a ring in the t ension wood 
fibre of ash-trees, it is even possible to det ermine the 
refractive index of the ring-material. Moreover , it is . 
obvious that the substance of the r in g is not homogene­
ous, revealing a coarse grained stru cture, wh ich cannot 
b e demonstrated by staining m ethods or may be taken 
for an artefact . Figure 2 shows cross-sections containing 
no tension wood. The gelatinous layer is not present in 
this case. 

The white shadow connected with the cell wall is the 
" halo" , an artefact inherent in phase-contrast micro­
scopy. 

Conclusions. It is not possible to demonstrate visually 
t ension wood in ash-trees by staining methods. 

1 H. E . DADSWELL and A. B. WARDROP, Structure, properties, and 
formation of tension wood. Paper to be presented to sub-section 13 b. 
For. Ana tomy. 8 th Internat. Congress Botany, Paris (1954). 
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With the aid of the phase-contrast microscope it 
proves possible to reveal tension wood in the fibre wall 
of ash in a very simple way provided the method 
mentioned above is taken into account. 

S. M. J UTTE and J. !SINGS 

Forest Products R esearch I nstitute T.N.O. and Central 
Laboratory T.N.O., Delft (Netherlands), J une 13, 1955. 

Zusammenfassung 

Es ist nicht moglich, Zugholz in Eschenholz mittels 
Farbungsmethoden erkennbar zu machen. Mit Hilfe des 
Phasenkontrast-Mikroskops kann man die Anwesenheit 
von Zugholz in der Faserwand von Eschenholz auf ein­
fache Weise zeigen, wenn man die angegebene Methode 
genau einha lt. 
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