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VARIATIOR IN THE WOO QUALITY OF PINUS PATULL
GROWNK IN KENYA

B. N. Chikamai, Forest Products Division, Kenya Forestry

Research lInstitute (KEFRI),

P.0O. Box 30513, Nairobi, kenya.

{Accepted for pblication in Argust, 1987)

Pinus patula (Schied and Deppe) could be said to
be a species in dispute readily accepted by the
foresters as a fast growing species with rapid
return on capital but reluctantly zccepted by the
paper industry as suitable especialiy when the aye
at which the material is harvested is given weight.
Generally. growth in the species is rapid: Mewn
Annual Increment {MAI) cuiminates at 12 vears,
maxinum return on capital is 14 vears ard
merchantable volume on a good site is attained 1t
15 vears. All these conditions are favourable for
a reduction in rotation age. However, at tie
present rotation age of 18 years, kraft papers
produced are of low strength. Compared with /2.
radiata, P. patula has slower growth rate, hence
lower yield per unit volume and less, inferior pulp
through lower vields per unit weight and poor
strength properties, The industry is in {favour of
longer rotation age.

To-date, there is practically no information on
the woed and fibre quality in plantation-grown ,>.
parila in Kenya., Athough success with tie
spectes has been achieved in the areas of regula -
ing tree growth and form through thinning and
spacing regimes, littie has been done regarding
the internal characteristics of wood apart from
the work of Paterson (1966—68). This seems to be
the missing link between foresters who produc:
the wood and paper manufacturers who consuma
it. The present study was therefore undertake: i
an effort to bridge this existing gap. One of th:
objectives of the study covered in the paper was
to investigate wood gualitv variation within trees.
between trees, and between sites.

MATERIALS AND METHODS

Material for the study was in two groups. Five
18-year-old sample trees were randomly selected
rom Kinale plantation site (from Central Kenva)
for within tree evaluation. Disks 20 mm thici:
were removed from each sample tree at 1.3 m
(bh), 5, 10, 15 and 20 m height—and

ciearly labelled. Sample blocks extending the
entire diameter of the disk were then extracted
from each disk. Since earlier studies had shown
no significant variation between cardinal direc-
tions (Ringo. 1983) only one block per disk was
finallv used in the studv (Fig. 1. The study on
between tree and site vanatior was based on
increment core values. Ten 18-vear-old sample
trees were randomly selected from each of the
two sites, Kinale plantation ste and Turbo
plantation site {(from Western Keuva}. Increment
cores were then extracted at bh rom eacn tree.

Each sample block and core was marked at 1
cm from the pith and thereafter at 2-cm intervals
to the cambium. Wood blocks #nd splints were
removed from the marked repions. Distance
from the pith was preferred because of the
difficulties of counting growth rings in P. paiuda
grown under tropical conditions. The splints
were macerated with equal volumes of glacial
acetic acid and 30 percent hvdrogen peroxide
solution. Drops of tracheid suspensions were
dried on glass slides for tracheid iength measure-
ment. Meanwhile, wood blocks approximately
Ix1x2 cm were softened by boiling 1n water
until completely saturated. Cross sections 20
micrometres (um) were cut from each block
using 2 sliding microtome. The sections were
stained in aqueous sarranin soluzion. washed in
70 percent alcohol, stained in “ast green and
washed in 85 percent alcohol. Complete dehvdra-
tion was achieved by washing the sections in
xylene. The sections were finaliy mounted on
microscope slides in permount and left in open
air overnight to dry. Thev were used in measur-
ing tracheid wall thickness and Jiameters.

Tracheid dimensions (fength, wall thickness
and diameter} were determined using a digitizer
tabiet hnked to a computer systen. The svstem
and its computer software were developed by Dr.
Mclver and Mr. Ian Kennedy of the University of
Torento. Each slide is placed on a Bausch Lomb
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Fig. 1. Schematic diagram showing sequence of exiractine wood blocks and splints from baits.

tvpe of projection microscope. The image is then
projected onto a digitizing tablet situated 60 cm
from the projector lens. Measurements are there-
fore based on projected images. The computer is
programmed to measure a total of 20 tracheids
and calculates a numerical average and standard
deviation. The figure of 20 tracheids is based on
earlier analysis which showed that it was statisti-
cally sufficient. Specific gravity (SG) was determined
from oven dry weight and volume of saturated
wood blocks. Each sectioned wood block was
further divided to provide a replicate hence the
value of SG reported is the mean of two
measurements.

REsuLTs anp Discussion
Specific gravity

The results for within tree variation in SG are
shown graphically in Fig. 2. The pattern of
vanaton from pith to cambium at all the heights
show a drop in SG within 3-3 cm followed by a
steudy and rapid increase. An examination of $SG
4nd bh reveals that increase close to the cambium
was more gradual. The major factor responsible
for a drop in SG from the pith appears to be the
tremenaous increase in tracheid diameters rather
than tracheid wall thickness. This seems true
bﬂcausg when resuits on SG, tracheid wall thick-
ness (Fig. 4) and tracheid diameters (Fig. 5) are
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cxamined, it is observed that whereas 5G drogs within
3~ cm from the pith, wall thickness increases in a more
or less linear manner towards the carnbium.
Tte increase in wall thickness therefore does not
ex slain the drop in SG since it is known that such
an increase results in a corresponding increase in
wzil substance hence SG. However, maximum
diimeters (mean and lumen diameters) occurred
at about 5 cm from the pith. Tracheid lumens
represent voids or empty spaces in the tracheids
he1ce occurrence of maximum vaiues baiween
3-3 ¢m indicate that there was minimum wall
susstance per unit area and ultimately low
deasity or SG. Increase in SG aiter 3 cm from the
pi h appears to be influenced more by increase n
cel wall thickness.

Vean weighted SG was 0.43 with a standard
deviation (std. dev.) of 0.04. Regression unalysis
performed revealed a strong positive relationship
between SG and distance from pith once effect of
high SG at or near pith was removed. A similar
anilysis for SG and height revealed a negative
relationship but was not significant at 0.05 level.
Orerall, SG decreased with height.

Between tree variation was significant at 0.01
level. The results are in agreement with the work
of Paterson (1967) and Ringo (1985). Differences
among trees present a major source of vasiation.
Differences between sites was significant. This is
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Fig. 2. Radial and vertical variation in specific gravity.

contrary to the results of Palmer ef al. {1982/33)
who found no significant differences among “he
three sites studied. However, the sites in their
case were within one broad ecological zons
(West of Rift Valley). In the present stuly,
Kinale site is East of the Rift Valley with high
amounts of rainfall (over 1,500 mm) and fertile
soil compared with Turbo site that experiences
occasionallv Jonger and drier conditions resulting
in & moisture stress. The mean height and dbh
for the sites were 26.2 m and 29.5 cm for Kirale
while for Turbo it was 24.3 m and 26.0 cn.

Tracheid length

There was a general increase in tracheid ler gth
towards the cambium at all heights (Fig. 3). The
increase was rapid from the pith to about 11 ¢cm and
was followed by a gradual rise towards the cam-
bium; this was particularly clear for bh and 5-cm
levels. The pattern of tracheid length exhibited is
ypical of the juvenile mature growth phases
explained tor most softwoods (Rendle, 1959 and
Panshin ef al., 1980). At 18 years, juvenile wood

in P. patula occupies about &) percent of the
wood volume.

Mean weighted tracheid length was 3.71 mm
with a standard deviation of 0.22 mm. There was a
strong relationship between tracheid length and dis-
tance trom the pith following log transformation
on distance. The need for the transformation
arises from change in the slope with the onset of
mature wood formation.

Variation between trees was significant on
both sites showing that it is & major factor 10
lack of uniformity in wood properties. However,
there was no significant variation between the
sites.

Tracheid wall thickness

Tracheid wall thickness incruased from pith t©
;ambm—at all heights (Fig. 4). The increase
towards the cambinm seems t¢ be influenced by
increases in proportion of latewood bands in the
mature wood. Mean weighted wall thickness was
4.5% um with a standard deviation of 0.38 um. There
was 2 positive linear relationship between wall thick-
ness and distance from the pith. Variation with
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iéight was negative indicating that the propor-
fon ot latewood cells decreases as one moves
pwards a region of active cambial growth.

3
Tracheid diameters

- These inciude both the lumen diameters and
aean tracheid diameters. There was an increase
A lumen diameter radially towards the pith
Mowed bv an inconsistent pattern of Hactua-
on. Maximum lumen diameters at ali heights
ceurred at about 3 em from the pith except for
h where the peak was at 7 cm while two-peak
1axima at 5 cm and 11 cm were observed for 5-m
eight level (Fig. S)

Mean tracheid diameters followed a similar
“Mtern gy the jumen  diameters (Fig. 6).
iameters at bh and 5-m heights showed two
aama each, at 5 and 7 em for bh level;
t Sm o heignt, the maxima were at 5]
s 1 em from the pith. Mean weighted tracheid
dMeter was 40.4 um with a standard deviation of
“ M um. According to the Panshin classfication
' B0V P. patula is a coarse textured softwood.
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Fig. 3. Radiat and vertical variation in tracheid Iength (mm).

Relationship with distance from the pith gave 2
moderatc positive correlation significant at 0.05
level. A mild negative relationship was observed

between tracheid diameters and height but was
not signif cant,.

Prediction of whole tree properties from bh core
values

The study was desirable because the section on
between tree and site variation was based on
incremem cores extracted from bh. The resuits
of the anulysis are presented in Tabie I

There vias a strong positive correlation be-
tween whole tree and bh values for the four
parameter:.. I'he resuits show that it is possible to
use bh vaiues for 2. parila in predicting total
tree values for a given wood quality parameter.

Correlatior: between wood properties

The stuc v was aimed at examining the type of
interdependency that exists amaong the parameters
which could be traced to the nature of growth
and develcpment. Table II presents the resuits.
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Fig. 4. Radial and vertical variation in cell wall thickness (micro meters).
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TaBLE 1.—REGRESSION COEFFICIENTS AMONG Woor PROPERTY PARAMITERS

TRACHE IO DIAMETEAS { MICHO METERS }

g

0.975 231.56 0.0001
0.989 532.17 0.0001
0.991 677.47 0.0001
0.727 13.29 0.0148

Parameter ";‘ R? F PR/F
Specific gravity (SG) |
Tracheid length (TL) (mm) ; ‘:
Cellwall thickness (CW) (pm) .. l
Tracheid diameter (TD) (zm) .. ;

B 121
(PSR- R )
-~ N R

TasLe II—CORRELATION COEFFICIENTS AND S1GNIFICANT LEVELS FOR THE
INTERACTION BETWE!IN INDEPENDENT VARIABLES

Parameter 5G. TL CW N TD
SG 1.0000 0.9233* 0.9921* 0.044
0.0000 0.0030 0.6001 0.9335
TL 1.0000 0.9369* 0.66414
0.0000 0.0006 0.1035
CwW 1.0000 0.5888
0.0000 0.1642
TD 1.0000
0.0000

Note.—*means significant at (.01 level.
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euilc Zravity showed a stromg correlation 10
-nerd wali thickness buta low_ conelat!on to tracheiu
meters. Tracheid wall thickness i1s a measure
o -wail substance hence a high coetficient of

germination {R-) with 5G contirms dependen-

of The tatter on wall thickness. Low correlation
rracheid dismeters to SG can be traced to
forences i variation bf:twe:x:n the two and
fstance from the pith. 1‘:0r instance SG and
o nee from pith had an R™ of (.98 while tracheid
meter and distance had an R? of 0.63.
 cherd length was strongly correlated to SG
\his may have been largety due to the fact
{at longer tracheids were found near the cam-
fum which was nvariably tne area of thickest
s, sean with a hign proportion of latewood
AN,
Tracherd length was strongty correlated to wall
fickness and moderately correlated to tracheid
fameters radially. Distance from the pith seems
thase astrong influence on these parameters. It
flows that as the cambium matures, it not only
%es rise to long cambial initials but that the
Hemn cells undergo greater postcambial develop-
Fm in length. wall thickening and diameter
owth.

CONCLUSIONS

Wood quality variation in Pinus patula
own in Kenya followed clear and discernible
=nds. The variation was more distinct within
ses. Radially, SG decreased 3-3 cm from the pith fol-
wed by increase towards the cambium. Specific
avity decreased slightly with height. Tracheid length
st wall thickness increased significantly with
dius from the pith and decreased slightly with
sight. Tracheid diameter on the other hand
owed only modest changes with a tendency
wards increase with radius from pith and
creuse with height. In general. there is signifi-
nt amount of variation within trecs.

In addition to variability existing within
es. lack of uniformity tn wood quality arises
mi tree to tree differences as well as between
e differences.

f’mal tree wood quality in P. patula can be
wabiv predicted from BH core values.

SUMMARY

Yanauons in wood guality (specific gravity,
Q). trnchcid length. tracheid wall thickness,
@0 lracherd diameter and trucheid lumen
imeter) were examined trom 18-year-old Pinus
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pangia [om two sites in Kenyd. Kinale und
Turbo, Tive co-dorminant trees for within tree
evaluation were chosen at random from Kinase
site and discs of 20 cm thickness obtained at five
height levels from each tree. Studies on between
trees and sites was based on increment cor:s
extracted from breast height level (1.3 myofeach
tree. Ten trees per site were sampled for this
purpose Wood quality variation within trees
follower. fairly distinct trends. Radially, from the
pith out~ard, $G decreased within the first 33
cm follcwed by increase toward the cambiur.
Specific gravity decreased slightly with height. Trachewd
tength increased significantly with distance frcm
the pith but decreased slightly with height.
Tracheid wall thickness and diameter followed
differen patterns from each other: wall thickness
increascd significantly with distance from prh
but decreased with height while tracheid d:a-
meter sitowed only modest changes. There was a
significant difference in SG between trees as wrlk
as sites. Tracheid length showed significant Jd.f-
ference between trees bur not sites. Except tor
trachei¢ diameters the other wood qualities
showed strong correlation among themsclves,
Total tr:e wood quality can be reliably predictzd
from breast height (BH) core values.
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