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ABSTRACT. Ethylenediamine has been used as an agent for softening very hard woods prior to 
sectioning on a sliding microtome. The use of ethylenediamine is recommended for two additional 
uses: for preparing I) soft woods in which wide, thin-walled tracheids or vessels tend to collapse 
during sliding microtome sectioning and 2) plant tissues with sclerenchyma mixed with soft-walled 
cells (bark, leaves, fruits, etc.) which frequently fail to section well. After softening in ethylenediamine, 
material is washed, infiltrated, and embedded in paraffin. Preliminary sections are made with a rotary 
microtome, just exposing the cut surface of the material; this exposed surface is soaked overnight in 
water. Sectioning is then continued. Sections produced in this fashion are considerably improved. 
The wood and pith of Podocarpus ustus, a parasitic conifer from New Caledonia, is used as an object 
to demonstrate improvements in sectioning by the ethylenediamine-paraffin method. Thinner sections 
with minimal tearing, cell collapse, and unevenness are produced. Sections can be handled easily and 
stained more effectively than unmounted sections. Variations in timing and in treatment are 
recommended to suit different materials. Ethylenediamine, used with reasonable caution, is much less 
hazardous than hydrofluoric acid and is more effective in softening plant material. The ethylenedi­
amine method may be used routinely on any material difficult to section because of hardness. 

Hydrofluoric acid has traditionally been the fluid used for softening thick-walled 
lignified cells prior to sectioning. Hydrofluoric acid is, however, dangerous to 
handle and requires the use of a fume hood; it acts slowly, requiring a month or 
more for quite woody materials. Kukachka (1977) introduced ethylenediamine as 
an alternative way of softening excessively hard wood samples before sectioning 
them on a sliding microtome. Kukachka's method has proved entirely satisfactory 
in my experience for this purpose. Because diverse plant materials are under study 
in my laboratory, however, I have applied ethylenediamine to a wide range of 
objects other than excessively hard wood, and have experienced success. 

Very soft woods provide problems in sectioning on a sliding microtome because 
the wide, thin-walled cells can collapse. These problems are solved by softening 
such woods with ethylenediamine, embedding them in paraffin, then sectioning 
them on a rotary microtome. A second series of problems is offered by plant 
structures in which thick-walled lignified cells occur with thin-walled cells. Bark, 
pith, leaves with fibrous bundle sheaths, fruits, and seeds all contain such a 
combination of cells and prove difficult to section with ordinary methods. Typical 
of the difficulties encountered is the account of Roth (1981), who describes 
problems in sectioning bark; some of these problems could not be solved satisfac­
torily. 

Using illustrations of wood and pith of Podocarpus ustus (Vieill.) Brogn. & Gris, a 
conifer from New Caledonia notable for its parasitic habit, methods of using 
ethylenediamine as a softening agent followed by embedding of material in paraffin 
are described below. 
I 

PROCEDURES 

i Woods in which tearing of cell walls (Fig. 8), collapse of vessels or tracheids, or 
obliqueness of cut occur during sectioning may be too soft for sectioning on a 
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sliding microtome even when an excellently sharpened knife is available. Where 
tracheids or vessels are thin-walled and relatively wide in diameter, these problems 
are acute. Lack of support by an embedding medium is the factor primarily-
responsible for the failures noted above. However, directly embedding a wood, 
suitably boiled or pickled and then infiltrated, does not prove satisfactory: the 
wood cells are still too tough and tend to fragment during sectioning. These woods 
prove amenable to softening by the ethvlenediamine method, followed by embed­
ding in paraffin. Three days in 10% ethvlenediamine at room temperature (or a 
week in 4%) has proved optimal in materials I have sectioned. However, variation 
in treatment time and in strength of solution seems appropriate depending on wall 
thickness and lignification of a particular wood. Small capped wide-mouth bottles 
are suitable for this treatment. Kukachka's (1977) method for treatment of exces­
sively hard woods specifies weighting of wood samples with metal weights while 
they soak in the ethvlenediamine. Presumably this counteracts any tendency of 
wood samples to float. I have omitted weighting because I have not experienced 
floating in boiled or pickled wood samples. 

After two or three changes of water at two-hour intervals to remove the 
ethvlenediamine, wood portions were prepared for infiltration. Penetration by 
paraffin is a problem with woods. Consequently. I carefully slice rectangular chips 
about 5 X 5 X 1 mm from the wood samples with a single-edged razor blade after 
they have been softened and washed. The broad face exposed on each chip is the 
one from which sections will be cut. The chips prepared for a species are thus of 
three sorts, so that radial, tangential, and transverse faces will be available. T h e 
preparation of chips maximizes paraffin penetration, which would be retarded if 
wood cubes were embedded. Moreover, the preparation of chips of three kinds 
insures that the broad face, laid horizontally during the embedding procedure, can 
be identified easily as the face to be sectioned. 

The tertian,- butyl alcohol series of Johansen (1940) is employed for infiltration. 
I have found that porcelain crucibles, as used in chemical laboratories, are ideal. 
These fit into Coplin jars, which are filled with the infiltrating solutions. 

Embedding in a harder grade of paraffin (or commercially prepared paraffin 
mixture) is recommended. A melting point of 59 to 61 C is preferable. After 
embedding, the wood chips mounted in paraffin should be sectioned on a rotary-
microtome. However, I must stress that the sections cut at this stage are usually not 
satisfactory. A further procedure is necessary. Sections should be cut at first only to 
expose the surface of the wood chip. When the surface has been exposed by-
preliminary sectioning, the block or holder bearing the paraffin should be removed 
from the microtome; it should be placed, inverted, into a beaker or small jar 
containing a little water (1-2 mm depth). Soaking overnight is recommended. The 
exposed face of the wood chip imbibes water and the sections produced after this 
treatment are much improved. Sectioning of paraffin embedded woods without 
this treatment is likely to be unsuccessful. 

Sections 10-15 /mi thick proved entirely satisfactory. Thickness may be adjusted 
to the nature of the wood and the structure to be observed. Very thin sections are 
possible with this method, whereas in microtoming nonembedded woods on a 
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s l id ing m i c r o t o m e , sect ions less t h a n 15 /xm thick usual ly show excessive t e a r i n g 

a n d u n e v e n n e s s . 

T h e use of a ro t a ry m i c r o t o m e is r e c o m m e n d e d for t h e p r o c e d u r e descr ibed 

a b o v e . T h i s h a s t h e a d v a n t a g e o f y ie ld ing r i b b o n s of indef ini te l eng th . If difficulty 

is e n c o u n t e r e d wi th t h e m e t h o d , a s l id ing m i c r o t o m e m a y be t r ied on t h e paraff in 

e m b e d d e d m a t e r i a l . In s o m e ins tances , this has yielded be t t e r sect ions. 

T h e paraff in sect ions of woods a re m o u n t e d on slides. I s t rong ly r e c o m m e n d t h e 

use of Bissing's so lu t ion (Bissing 1974). W o o d sect ions t end to a d h e r e to slides less 

well t h a n sect ions of o t h e r m a t e r i a l ; Bissing's solut ion p r o m o t e s m o r e re l iable 

a d h e r e n c e . W o o d a n a t o m i s t s genera l ly s ta in wood sections wi th saf ranin . H e m a ­

toxyl in o r o t h e r c o u n t e r s t a i n s m a y be used in a d d i t i o n . Paraff in sect ions of woods 

m o u n t e d in this w a y can , in c o m p a r i s o n to u n m o u n t e d sect ions, be sensit ively a n d 

easily s t a ined . Moreove r , t h e t h i n n e r sect ions o b t a i n e d from paraff in e m b e d d e d 

w o o d s c a n b e s t a i n e d m o r e in tense ly w i t h o u t o b s c u r i n g detai ls . T h u s d i f ferent ia t ion 

a m o n g wall layers wi th t h e a id of a c o u n t e r s t a i n is often super ior to results o b t a i n e d 

w i t h t h e th icke r sect ions o b t a i n e d by sec t ion ing n o n e m b e d d e d wood o n a s l id ing 

m i c r o t o m e . 

For m a t e r i a l s o t h e r t h a n woods (bark , leaves, fruits, seeds, etc.), t h e e thy lened i -

a m i n e sof ten ing t e c h n i q u e followed by e m b e d d i n g in paraff in is s t rong ly recom­

m e n d e d . A l t h o u g h the i l lus t ra t ions he re a re d r a w n most ly from w o o d , t h e po t en t i a l 

a p p l i c a t i o n to p l an t po r t i ons o t h e r t h a n seconda ry xylem is u n l i m i t e d . G o o d 

sect ions of b a r k a n d leaves h a v e been p r o d u c e d rou t ine ly in m y l a b o r a t o r y by 

m e a n s of this m e t h o d . A n y m a t e r i a l c o n t a i n i n g sclereids shows m a r k e d i m p r o v e ­

m e n t in m y exper ience . Because ma te r i a l s o t h e r t h a n w o o d t e n d to h a v e a m i x t u r e 

of h a r d a n d soft cells, o n e must cu t po r t ions su i t ab l e for sec t ion ing before t r e a t i n g 

t h e m a t e r i a l w i th e t h y l e n e d i a m i n e . A t t e m p t i n g to s u b d i v i d e t h e m a t e r i a l after it 

h a s b e e n sof tened m a y result in c r u s h i n g of t h e t issue r a t h e r t h a n sl icing it c lean ly . 

T r e a t m e n t of leaves r ich in sclereids for per iods u p to t w o m o n t h s in e thy lened i ­

a m i n e has y ie lded good sect ions; less p r o b l e m a t i c leaves can be t r ea t ed for shor te r 

per iods . A 4% e t h y l e n e d i a m i n e so lu t ion is r e c o m m e n d e d ; a s t ronger so lu t ion m a k e s 

con t ro l of sof ten ing t i m e m o r e difficult. 

M a t e r i a l s o t h e r t h a n woods a r e w a s h e d , inf i l t ra ted, a n d e m b e d d e d as descr ibed 

a b o v e for w o o d . P r e l i m i n a r y sec t ion ing to expose the surface of t h e m a t e r i a l , 

followed b y s o a k i n g of paraff in e m b e d d e d m a t e r i a l in w a t e r , t h e n sec t ion ing o f t h e 

paraff in block as descr ibed a b o v e for wood results in m a r k e d i m p r o v e m e n t of 

sec t ions , w i th less compress ion , t ea r ing a n d cell col lapse. 

Severa l notes r e g a r d i n g t h e use of e t h y l e n e d i a m i n e shou ld be m a d e . C o m m e r c i a l 

s t r e n g t h e t h y l e n e d i a m i n e gives off smoky fumes w h e n unsea led . W h e n e v e r a d i lu t e 

so lu t ion is p r e p a r e d from t h e stock so lu t ion , the use of a fume h o o d or o t h e r 

e q u i v a l e n t a r r a n g e m e n t is r e c o m m e n d e d . D i l u t e so lu t ions of e t h y l e n e d i a m i n e d o 

not g ive off fumes so no t i ceab ly , b u t ca re shou ld b e t aken not to i nha l e vapo r s for 

p ro longed pe r iods . A l t h o u g h no t as seriously d a n g e r o u s to the skin as hydrof luor ic 

acid , c (h \ l e n e d i a m i n e m a y c a u s e a skin i r r i ta t ion in some ind iv idua l s if the so lu t ion 

is no t w a s h e d from t h e h a n d s w i t h r e a s o n a b l e p r o m p t n e s s . E t h y l e n e d i a m i n e 

so lu t ion acqu i r e s a b r o w n i s h color w h e n p l an t ma te r i a l s a r e soaked in it. T h i s color 
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FIGS I Wood sections of Podocarpus ustus, Carlquisl 15596a, em with ethylencdiaminc-paraffin 
embedding method. 

Fic. 1. Transection; band of traumatic parenchyma cells visible in middle of photograph. Marker: 
LOOfim. 

Fic 2 Tangential section, lightly stained with safranin. Marker: 100/im. 
FlC. !i. Transection showing groups of traum.iti< parenchyma cells and a few traumatic tracheids in 

a background of normal tracheids. Marker 5(1 jtim. 
FIG. 4. Transection showing staining differentiation in tracheids. Marker: 10/(in. 

http://traum.it
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F'IGS. 5-8. Wood and siem sections of Podocarpus usiusy Carlquisi 15596a prepared with ethylcnedi-
amine-paraffin embedding method (except Fig. 8). 

FIG. 5. Tangent ial section. An atypical ray (related to branching), both sclereids and parenchyma 
occur. Marker: 50 ftm. 

FIG. 6. Piceoid pits, characteristic of this species, from a radial section: dark outline of pits results 
from counterstaining with fast green FCF. Marker: 10/im. 

FIG. 7. Sclereid from transection of pith, surrounded by thin-walled parenchyma (safranin used 
without counterstain). Marker : 10/im. 

FIG. 8. Tangent ial section produced by sectioning unsoftened wood on a sliding microtome. Note 
shredding of tracheid wall and tearing of ray cell walls. Marker: 10 fim. 
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can obscure the objects placed in it. If opacity of the solution is not a drawback, 
however, ethylenediamine solution can be saved and reused, effecting an economy. 

RESULTS 

A small dried stem of Podocarpus ustus (Figs. 1-8) was boiled and sectioned both 
by the usual sliding microtome method and by the method described above in 
order to offer a suitable object for illustration in this paper. The woody cylinder of 
this stem was about 5 mm in diameter. Stems of this diameter or less often provide 
problems because they cannot be gripped firmly by the holder of a sliding 
microtome; such difficulties are obviated by embedding in paraffin. Sections of 
this stem cut on a sliding microtome were superficially satisfactory. Examination 
under the microscope, however, revealed a high frequency of tears in tracheid walls 
and disruptions in ray parenchyma walls (Fig. 8). Sections thinner than 20 /im 
showed excessive tearing. The pith of the Podocarpus ustus stems contained sclereids 
which did not section cleanly and which were torn loose from the parenchyma in 
which they are embedded. 

With the softening and paraffin embedding technique, the stem of Podocarpus 
ustus was sectioned at 12 /im (Figs. 1 and 2). There were no areas uneven in 
thickness in the sections, nor were tears or cell wall collapse more than minimal 
(Fig. 4). Ray cells were little displaced at worst. A band of parenchyma (Fig. 1, 
center), probably a response to drought or injury in the plant's environment, 
contained thin-walled cells which caused a separation in nonembedded material. 
The parenchyma band (Fig. 3) did not break, and cell walls of the band remained 
intact. The tracheids did not collapse or tear; secondary walls stained distinctively 
at this thickness (Figs. 4 and 6). Sclereids in an atypical ray (Fig. 5) sectioned well 
despite being associated with thin-walled cells. 

Isolated thick-walled sclereids in the pith (Fig. 7) sectioned easily without 
breakage or displacement of thin-walled pith cells nearby. 

DISCUSSION 

The method described above has now been applied to several different problems. 
Wide thin-walled tracheids of two genera of vesselless angiosperms, Belliolum 
(Carlquist 1982a) and Exospermum (Carlquist 1982b) sectioned well. Wide thin-
walled vessels, often a sectioning problem, proved amenable to this method in 
Trimema (Carlquist, unpublished). Leaves of Bruniaceae, notable for strands of 
fibers which do not section well with ordinary techniques, provided much better 
sections after softening (Carlquist, unpublished). 

Some swelling of thick-walled cells could be observed in some materials. This 
swelling was judged to be minimal and probably less than occurs, in my experience, 
when materials are softened with hydrofluoric acid. The ethylenediamine method, 
therefore, can be recommended with only minor reservations for a wide range of 
plant materials difficult because of hardness of lignified cell walls. 
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