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I NTRCDUCTI ON

Most of the secondary xylemof conifers consists of
[ ongi tudinal | y-arranged tracheids (sonmetinescalled fibres). Wite pine
wood, for exanple, is 95% by vol ume | ongitudinal tracheids (Panshin and
de Zeeuw, 1980). Tracheids are long cells with rounded or tapered ends
whi ch overlap each other. They all ow conduction of fluids and provide
support (see Meylan and Butterfield, 1972, and Papernmeki ng Fibres. A
Phot om crographi c Atlas, 1980).

The length of tracheids in wood is an inportant determ nant of the
use to which that wood is put (Hocker, 1979). The quality of both |unber
(Daniel, Helms, and Baker, 1979) and pulp(dark, 1978) is deternined,
in part, by the length of tracheids in the wood. Long fibres give |unber
greater strength and paper produced frompulp nore strength and
fol d-resistance. Tracheid length is al so being investigated as a
predictive factor in tree breeding prograns (Daniel, Helns and Baker,
1979) because of observations that tracheid length is correlated with
tree height (Echols, 1958) and appears to be an inherited characteristic
(Zobel , 1961).

Trachei ds are easily separated and can be neasured using conpound
light microscopes or stereom croscopes. They are therefore well suited
for a laboratory practical teaching measurement using calibrated
m croscopes or for a project intended to drawstudents into an area of
active research.

Thi s paper describes an undergraduat e project based on these
concepts. Some of the factors which influence tracheid length are al so
di scussed because each factor is potentially a source of new | aboratory
exerci ses. Though the project described in this paper used three
coni fers which are abundant in Canada sinilar techni ques have been used
with other conifer species(Echols, 1958, and Jagels, Gardner and Brann,
1982).

METHCD

The net hod described here is easy to nmanage in an open |aboratory
setting, but many refinenents and alternatives are available. Jagels,
Gardner and Brann(1982) is a good source of current infornmation.

Snal | bl ocks of wood were cut fromsinilar positions on
simlarly-aged | ocal trees of three conifer species: Pinusstrobus L
(Eastern Wite Pine), Picea glauca (Mench) Voss. (Wite spruce), and
Abi es bal samea(L) MII. (Balsam Fr). Each student cut two or three
thin sections of approxinmately 20 mm x 1 nm froma block. Students were
instructed to confine the cuts to one quadrant and within a few growth
rings and this was supervi sed whenever possible.
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Each thin section was placed in a small, brown bottle filled with
a macerating solution of 1:1 (v:v) 30% hydrogen peroxide: glacial acetic
acid. The bottle cap, lined with alum numfoil, was placed |oosely on
the bottle to all ow gases to escape. (Students were warned that the
solution is corrosive and taught appropriate safety procedures). The
section was left in macerating solution at 60°Cfor 48-72 hours, with
adequate ventilation to disperse the escaping gases. During this tinme
the section began to break into fragnents and the tracheids becane
silvery-white. After cooling to roomtenperature, the macerating
solution was renpved and the tracheids were gently rinsed with severa
changes of distilled water. Wth the last change of distilled water, the
contai ner was covered and shaken 5-15 minutes with a regular notion
This motion which causes the tracheids to separate is a critical step in
this method. The distilled water was replaced with 1% (wv) active
formal dehyde. Appropriate safety precautions with this chemical fixative
were stressed. At this stage, the tracheids could be stored for periods
of at least one nonth, a definite asset for |aboratory managenent.

For mcroscopic exam nation, the tracheids were placed on a slide
ineither distilled water or 1% (wv) basic fuchsin. After the technique
of using and calibrating conpound and stereom croscopes was | earned by
the students, each student nmeasured the length of fifty tracheids.

THE CLASS PROJECT

The project was conducted during the second nmonth of an
" Experinental Laboratory Techni ques' course for 60 undergraduate
students, chiefly second-year biology nmajors. The advance preparation in
l'ight microscopy, including calibration, was given in this course in a
series of mastery-based nodul es of |aboratory work. For reasons related
to our course objectives, this project was preceded by two additiona
exercises. A series of conmputer drills allowed students to beconme able
to use the conputer to handle data. An advance, individualized,
m ni - proj ect gave each student the opportunity to apply information
received in lectures about experinmental design and execution and about
data anal ysi s.

Wth this advanced preparation, the project was introduced to the
students. Wiile they received all details of the nethod, all that was
said about the project was that it was intended to determ ne whether the
average tracheid length differed among P nus strobus, Picea gl auca and
Abi es bal sanea. Students neasured fifty tracheids each at their
conveni ence over two weeks. The measurenments were shown to the
instructor who verified correct calibration technique then they were
entered by the student into the class conmputer workspace. The inportance
of accurate data entry into the conputer workspace was stressed. After
all the data was entered, each student obtained a print-out of the
conputerized t-test analysis of the class project data. Provided with
sone information about factors which are known to influence tracheid
| ength, each student prepared a scientific report for evaluation by the
i nstructor.
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PROJECT RESULTS AND DISCUSSION

Table 1 summarizes the class project data. Even with no direct
supervision of the data entry into the conputer workspace and no editing
of the data once entered, there are no apparent data entry m stakes such
as double digit entry or forgotten decinmals. Since the project |asted
only two weeks and involved sixty students, a few students neasured |ess
than the requested fifty lengths. The total number of observations for
the three species was 2920. Though using the conputer for this purpose
was one of our course objectives, data can be anal yzed by any avail able
means

W elected to manage this project in an open |aboratory format and
encountered no difficulties. We were limted to one fumehood so the
students were "paced" by the availability of that facility. W feel that
avail ability of fumehoods or other neans of ventilation and m croscopes
are nost likely to deternmine the format. Provided the facilities are
avail abl e, this nethod and cl ass projects based on it should also fit
easily into nore traditional |aboratory tine slots

For this particular project, the students were asked to deternine
whet her average tracheid length is characteristic of the species. The
first step was to anal yze the sanples obtained by the class using a
t-test analysis. Table 2 shows the result of the t-test analyses. The
di fferences between sanple nmeans are all highly significant.

How this information should be interpreted was addressed in the
di scussion section of each student's scientific report of this project.
Wth appropriate advance information about data analysis and eval uation
it should be clear to themthat, while the sanpl e neans appear
different, the differences are not necessarily attributable to species.
In this particular project, some care was taken to control for factors
known to influence tracheid |ength(Table 3), however not all of these
factors could be controlled

The information provided i nTable 3 can al so serve as the starting
point for other projects of this type. Among many factors |unped under
growh conditions are latitude, altitude, |ongitude, and anpunt of rain
and sun (Panshin and deZeeuw, 1980). The fact that enhanced growh rate
often results in shorter tracheids has inplications for woodl ot managers
who thin and fertilize their lots(Daniel, Helmand Baker, 1979). The
assunption often made in tree breeding progranms that |onger tracheid
length is advantageous still needs nmore testing in properly controlled
experinents (Keith and Kellogg, 1981).

There is also the possibility of relating results like these b
the pul p and paper industry. Clark(1978) describes in detail the type
of measurenent and reporting procedures used in the industry and
provides fornulae for calculating the wei ghted average | ength val ues
whi ch are used.
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CONCLUSI ON

Tracheids in conifers are easy to separate and neasure. The nethod
is flexible enough to be used in fixed-hour |aboratory periods or in
open- | aboratory project formats

Coni fer wood is an inexpensive source of material for |aboratory
practicals or microscope use. Both chemicals and equi pment used in this
exercise are readily available in nost |aboratories. Since there is a
fair amount of infornation available about factors influencing tracheid
I ength, a class can select and design their own project. The
i nfformation, however, is not available for all conifer species so the
project will be current. Tracheid lengths characteristic of the species
meke these nmeasurenents particularly suitable for classroom di scussions
of data anal ysis and eval uation
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Table 1 Lengths of tracheids in three conifer species.

dat a.

G ass projec:

Speci es

Nunber of Observations

Nureri ca
Length (%)

Aver age

Pi nus strobus
Pi cea gl auca

Abi es bal sanea

3.08 £ 0.80
3.23 £ 0.95
1.97 + 0.81

Key: *,

Table 2 Statistical

mean + standard deviation

conpari son of numerica

average tracheid |engths

*
Conpari son T in TTest Probability T
Pinus vs Picea 3. 91" < 0.0001
Pinus vs Abies 29.50" " < 0.0001
Picea vs Abies 30.90"" < 0.0001

Key:

test

* k% %

The hypothesis that variances are equa

test

*ZLBing "PROC TTEST", Statistical Analysis System
The hypot hesis that variances are equa

was rejected ina F

(p < 0.001)
(p< 0.5

so the T test asunes equa

so the T test assunmes unequa
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Tabl e 3. Sonme factors influencing conifer tracheid |ength.

A. Wthin a single tree

maturity of the Layer of wood

age of wood across a single |ayer
vertical position within a single Layer
growth rate

B Wthin trees of the same species

growt h conditions
geneti c make- up

C Between species

genetic (?)

Ref er ences:

Keith and Kel |l ogg (1981), Daniel, Helns and Baker (1979), and Panshin
and de Zeeuw(1l 980).
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