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The Effect of Altitude on Juvenile Wood Formation
and Fiber Length, a Case Study in Iranian
Beech wood (Fagus orientalis L.)

S. Z. Hosseinit

ABSTRACT

The mean fiber length of three beech trees (Fagus orientalis.L.) at the lower and higher
points (1% and 75% tree height) of the stem at an intermediate altitude (500-1000m) in
the Caspian forests in Sari region were 1.36 and 1.22mm respectively, close to the values
in three trees at high altitude (1000-1500m), that were found to be 1.39'and 1.36 mm. The
mean fiber lengths of the whole stem, using stem formula, were considered as 1.31 and
1.38mm at intermediate and high altitudes and so‘were very close each other. Juvenile
wood portions in the stem comprised 17 annual rings, which took up 7.3% of the stem by
volume at intermediate altitude. At high altitude, these values'were obtained as 18 annual
growth rings, and 8.75% juvenile wood in the stem. Thereason for greater juvenile wood
at high altitude was somehow a wider ring width at higher elevation. The mean ring width
of lower and upper points of the stem at intermediate altitude were found to be 1.82 and
2.95mm respectively; meanwhile, at high altitude, the findings were 2.97, 3.37mm. Despite
the data obtained, t- test comparison was conducted between mean fiber lengths of the
two heights of the stems at two altitudes, and no significant differences were found at the
1% level. The exploitation age was strongly dependent on how much juvenile wood there
was in the stems, that at high altitude was greater than at intermediate. However, statisti-
cal comparison showed no significant differences between that and the 1% level. There-
fore, altitude in the range of about 500m showed no important impact on beech fiber
length, exploitation age or.juvenile wood border in Caspian forests.

Keywords: Beech, Exploitation age, High dltitude, Intermediate atitude, Juvenile wood,
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INTRODUCTION

Information shows us'that the recognition
of juvenile wood. rate production in tree
stems is very important from the viewpoint
of wood utilization in papermaking indus-
tries. This is because juvenile wood is char-
acterized by less pronounced latewood,
shorter cells, larger microfibrillar angles,
and lower crystallinity and cellulose content
in comparison to mature wood, that is pro-
duced later. Enviromental factors such as
altitude influence cambial growth both by
affecting the formation of leaf primodria and
expanded leaves (Kozlowski, 1971). Usu-
ally, fast growth becomes synonymous with

lower density, lower stiffness and higher
juvenile wood proportion (Geoffrey et al.,
2002). Wood quality characteristics depend
on the intended products and are usually de-
fined by relative wood density, ring width,
microfibril angle, fiber length, knot size and
distribution, spiral grain angle and chemical
composition (Ministry of Forests of Canada,
1999). From this fact it is understandable
that fast growing trees, as well as young tree
stems, have mainly juvenile wood and make
different pulp from mature wood. For exam-
ple, juvenile wood requires more energy
than mature wood to refine (Hatton and Jo-
hal, 1993). Recognition of juvenile wood
rate production in trees makes it possible to
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evaluate the exploitation age for chemical
and papermaking purposes. With respect to
tree species, the amount of juvenile wood
varies among different trees. Dadswell
(1958) found that the number of years taken
to reach constant cell length varies from
species to species and is, to some degree,
related to the life span of the tree. He states
that cell length increases in the first 12-15
years in Pinus radiata, and in Eucalyptus
gigantea cell length may increase within 20
years. When fiber length reaches its maxi-
mum value, it can be considered as juvenile
wood border (Tsoumis, 1969; Dadswell,
1958). Latitude and altitude in an unspeci-
fied interaction of mean temperature and
available moisture, also have major effects
on variability in wood properties within spe-
cies and, therefore, could have an impact on
juvenile wood rate production as well (Pan-
shin and de Zeeuw, 1980). Determination of
the juvenile wood border was examined us-
ing the Shiokura formula, 1 (%) = (Tn+1- Th)
/ T, 100, where | (%) isthe increasing rate of
fiber length as a perentage, T and T,, are
fiber lengths at the (n+1)th and the n-th ring
position from pith (Chen and Wang, 1996).
Growing conditions, such as competition
within the stand or soil fertility, can cause
major differences in the magnitude and cell
length of juvenile wood.in trees as well as
latitude and altitude (Panshin and de Zeeuw,
1980). For Japonese larch (Larix leptopis),
Koga et al. (1983) state that the site class
plays a significant. role in-determining the
width of juvenile wood as does stand den-
sity. It isimportant.to recognize that juvenile
wood is different wood, not necessarily a
poor wood. It is very suitable for example,
for thermomechanica pulp or chemical-
thermomechanical pulp. It is useful for pro-
ducing newspaper, some tissues, and high
quality writing paper, among others. Usu-
aly, juvenile wood affects pulp quality
when it makes up more than 20% of the fur-
nish (Zobel and Buijtenen, 1984). The aim
of this study was to investigate the effect of
intermediate and high atitude on the fiber
length, juvenile wood border and exploita-
tion age of beech tree (Fagus orientalis L.),
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when the stem comprises 20% juvenile
wood.

MATERIALS AND METHODS

From the point of altitude view, of the Cas-
pian forest is divided into three parts: low-
land (from sea level to atitude of 500m),
intermediate altitude (501-100m), and high
atitude (1001-1500 m). This study was fo-
cused on the intermediate and high atitudes
of the Caspian forest located in Sari region
in northern Iran. Selected sample trees had
no signs of disease or insect damage, as well
as any other abnormalities, such as root but-
tress and eccentricity. Normally, trees, that
are less than 20m in height do not show but-
tress or butt flare. Thisis more prominent in
beech trees,which are native to temperate
climates. It is worth mentioning that the but-
tress phenomenon is accompanied by annual
ring disruption. Precipitation in high and
intermediate atitudesis nearly the same and,
available data showed, mean annual rainfall
is about 590mm and temperature 17.1 °C.
Three trees were cut from each of the alti-
tudes mentioned, and 2cm thick discs were
separated from the 1% and 75% tree heights.
The discs were smoothed with a plane, so
that the annual rings became clearly visible
for further measurements. Two diagonal and
paradlel lines were drawn on each disc at
2cm distances and, then, wood strips were
cut out in which a wood dliver for each an-
nual ring was prepared. Wood divers were
subjected to maceration, using acetic acid
and hydrogen peroxide in equal proportion
at 60°C and 48 hours in an oven. From sam-
ple trees, with different age categories, 50
annual rings from the lower point (1% tree
height), and 35 from the upper point (75%
tree height) of each tree stem were taken, in
order for comparison measurements to be
performed at both altitudes in similar posi-
tions. Fibers of individual rings were pre-
pared and stained with 1%water soluble sa-
franin, then fixed on slides. Thirty randomly
selected fibers from the lower and upper
heights of the trees (1% and 75%tree height)
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at both altitudes were measured by light mi-
croscope. Whether three or two heights were
taken along a tree stem was basicaly de-
pendent on tree height, namely, when tree
height exceeds 20m, three heights must be
taken otherwise, two heights are enough
(Bhatt and Dhamodaran 1989). In this study
all the sample tree heights were lower than
20m, therefore two sample heights at 1%
and 75% tree height have been taken. In or-
der to obtain the mean fiber length in the
stem, the values were weighted using the
following formula L= Dg+Dif, ; DgtDy,
where Ds and D, are the disc volume at the
1% and 75% height levels respectively. f;
and f, are the fiber length values for the
discs (Bhat and Dhamodaran, 1989). Fiber
length varies rapidly from pith to bark and,
when reaches its maximum, is considered as
juvenile wood border (Tsoumis, 1969). The
concept of the exploitation age on the basis
of 20% juvenile wood is based on the
chemical conversion of wood used in pa
permaking industries. While a tree is in the
early stage of growth, it contains 100%ju-
venile wood. As a tree becomes older, fibers
slowly reach their maximum size, and from
the maximum point onwards mature wood is
the product. Mature wood .increases con-
tinuously as a part of the stem while atreeis
in the stand, meanwhile the juvenile wood
portion does not changed. Consequently, by
increasing the mature wood portion, juvenile
wood is reduced.as awhole in the stem. On
the other hand; fiber refining is extremely
important..to papermaking industries in
which fiber shortening is one of the three
major factors, that occurs during refining.
According to. Zobel and Buijtenen (1989),
the juvenile and mature wood ratio Of 20:80
percent in the stem is suitable for papermak-
ing purposes. Therefore, in respect of this
result, the exploitation age can be calculated
in the stem. The time when the stem reaches
20% juvenile wood is considered as the ex-
ploitation age or harvesting time for chemi-
cal conversion and papermaking purposes.
By increasing the amount of mature wood in
the stem, the percentage of juvenile wood is
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reduced. From the exploitation age of the
assumed tree on the basis of 20% juvenile
wood we can obtain the actual juvenile
wood percentage in each tree, which is con-
venient for papermaking processes. Volume
between the 1% and 75% tree heights were
caculated using a truncated cone formula
{V = hi2(S;+S;)}. A dtatistical comparison
between fiber length and exploitation age
was conducted, using the t-test statistical
method.

RESULTS

Fiber lengths in" the lower and upper
heights of the stem of all sample trees at in-
termediate altitude are shown in Tablel. Fi-
ber lengths at the two heights mentioned
vary in‘agenerally similar trend from pith to
bark. The fiber length values of the first and
second annual rings began from less than
one millimeter, while, in the third ring they
exceeded one millimeter. The mean fiber
length value of the lower height of individ-
ual stems was greater than the upper height
at intermediate elevation (Tablel). With re-
spect to the juvenile wood portion of the
stems, the mean fiber lengths of juvenile and
mature wood were calculated separately as
1.20 and 1.46mm at lower heights, and 1.16,
1.31mm at the upper height of the stems at
intermediate altitude (Tablel). Similar
measurements were carried out on the fiber
lengths of juvenile and mature wood of the
two stem heights mentioned at high altitude,
and were found to be 1.22 and 1.48mm at
the lower height and 1.3 and 1.4mm at the
upper height of the stem as well (Table2).
Fiber from the bottom to the top of the tree
stems has showed little increase in length,
and this can be attributed to short tree height
in al sample trees which were less than
20m. Meanwhile fiber length in the whole
stem at intermediate and high altitudes was
determined using the stem formula, which
were found to be 1.31 and 1.38 mm. This
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Tablel. Mean fiber length in 1% and 75% heights of beech tree (Fagus orientalis L.) at
intermediate atitude in the Caspian forest- Sari region.

Fiber Length (mm) Fiber Length (mm)
Ring No. 1% 75 %
Tree No.1 TreeNo.2 TreeNo0.3 TreeNo.l TreeNo.2 TreeNo0.3
1 0.839 0.967 0.821 0.836 0.816 0.954
2 0.88 0.969 0.948 0.845 0.959 1.061
3 0.954 1.048 0.984 0.890 1.044 1.073
4 1.030 1.185 1.034 0.9 1.108 1.095
5 1.037 1.219 1134 0.948 1.173 1.132
6 1.095 1.259 1.188 0.952 1.274 1.152
7 1.102 1.219 13 0.994 1.286 1.167
8 1.156 1.316 1.381 1.066 1.290 1.222
9 1.166 1.406 1411 1.011 1.241 1.259
10 1.143 1.488 1.253 1.036 1.282 1.240
11 1.198 1.435 1.313 1.032 1.200 1.284
12 1.284 1.472 1.365 1.019 1.240 1.353
13 1.214 1.508 1.35 1.039 1.264 1.359
14 1.342 1.489 1.358 1.060 1.200 1.379
15 1.328 1.453 1.472 1.071 1.216 1.26
16 1.227 1.478 1.506 1.150 1.278 1.27
17 1.267 1.498 1.494 1433 1.345 1.301
18 1.213 1.425 1.479 1.194 1.350 1.314
19 1.226 1.496 1.457 1.112 1.380 1.339
20 1.200 1.507 1.482 1.224 1.298 1.331
21 1.190 1.472 1.495 1.132 1.373 1.298
22 1.215 1.481 1.502 1.180 1.387 1.355
23 1.180 1.46 1518 1.170 1.370 1.337
24 1.206 1.497 1.563 1.106 1.425 1.364
25 1.188 1513 1.564 1.116 1.455 1434
26 1.198 1.559 1.530 1.176 1.358 1.426
27 1.201 1.559 1.593 1.179 1.375 1.402
28 1.199 1.530 1.581 1.167 1.39%4 1.429
29 1.212 1.490 1574 1.167 1.356 1.465
30 1.206 1.504 1.584 1.170 1.301 1.466
31 1.210 1.550 1.443 1.167 1.364 1.475
32 1.265 1.350 1.440 1.143 1.300 1.475
33 1.300 1.56 1.363 1.152 1.427 1.406
34 1.245 157 1.472 1131 1.281 1.435
35 1.195 152 1.494 1.175 1.283 1.499
36 1.210 1.507 1.412
37 1.190 1.507 1.566
38 1.200 154 1.528
39 1.227 1.58 1551
40 1.296 1.538 1.559
41 1.370 1.56 1534
42 1.364 157 1.544
43 1.338 15 1.604
44 1.273 1577 1.582
45 1.369 1574 1.624
46 1.355 1.542 1.520
47 1.267 1.553 1.588
48 1.303 1.498 1.649
49 1.215 1.501 1.650
50 1.364 1.494 1.670
Sum 60.45 72.69 72.03 37.84 44.69 45.85
Mean 120 1.45 1.44 1.08 127 131
Std,dev. 0.112 0.1494 0.1877 0.1051 0.1326 0.1354
CV% 9.3 10.3 13 9.73 10.44 10.33
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Table 2. Mean fiber length in 1% and 750% heights of beech tree (Fagus orientalis L.) at

high altitude in the Caspian forest- Sari region.

Fiber Length (mm)
Ring No. 1%
Tree No.1 TreeNo.2 TreeNo.3

1 0.803 0.867 0.905
2 0.850 0.947 0.855
3 1.015 0.959 1.010
4 1.050 1.067 1.060
5 1.061 1.147 1.065
6 1.207 1121 1.205
7 1.241 1.157 1.248
8 1.139 1.296 1.140
9 1241 1.37 1241
10 1.183 1.288 1.185
11 1.281 1.369 1.28
12 1.375 1.420 1.380
13 1.440 1.452 1.442
14 1.388 1.443 1.389
15 1.401 1.451 1.400
16 1.427 1.425 1.427
17 1.427 1.406 1.427
18 1.522 1.539 1521
19 1.520 1.520 1.520
20 1.454 1.495 1.450
21 1.491 1517 1.491
22 1.485 1.505 1.475
23 1.506 1471 1.510
24 1.422 1.449 1.420
25 1.492 1.548 1.490
26 1.450 1.586 1430
27 1.498 1.585 1.490
28 1.444 1.486 1.450
29 1.461 1.506 1.359
30 1.428 1.450 1.420
31 1.431 1.420 1.425
32 1:366 1.400 1.410
33 1.434 1.450 1.438
34 1.495 1.407 1.495
35 1.383 1.401 1.390
36 1.565 1.499 1.510
37 1.531 1.500 1.530
38 1.556 1.480 1.550
39 1.530 1.465 1.530
40 1.543 1.464 1.540
41 1.449 1.497 1.490
42 1.539 1.442 1.540
43 1471 1.479 1471
44 1.490 1.530 1.495
45 1.448 1.520 1.450
46 1.503 1.550 1.510
47 1.558 1.555 1.560
48 1.589 1.560 1.550
49 1531 1.560 1.530
50 1.589 1.570 1.540
Sum 69.7 70.59 69.64
Mean 1.39 1.410 1.39
Std,dev. 0.1824 0.1703 0.1735
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Fiber Length (mm)
75 %

TreeNo.l TreeNo.2 TreeNo.3
0.989 0.951 0.99
1.180 1.007 1.185
1.181 1.013 1.181
1.247 1.115 1.25
1.370 1132 1.375
1.407 1.137 1.408
1.437 1.146 1.439
1.494 1.157 1.49
1.472 1.182 1.47
1.445 1.152 1.44
1478 1.159 1.479
1517 1.206 1.498
1.499 1.199 1.499
1.505 1.252 15
1.408 1.179 141
1.480 1.249 14
1583 1.220 1.48
1.570 1.254 152
1541 1.240 1.545
1.461 1.255 1.500
1.439 1.225 1.440
1.498 1.215 1.490
1.447 1.240 1.440
1.542 1.239 1.500
1.475 1.235 1.475
1.548 1.323 1.454
1.544 1.250 1.550
1516 1.265 1.527
1572 1.260 1.445
1.520 1.330 1.450
1.465 1.320 1.460
1.465 1.360 1.500
1.535 1.380 1.540
1.532 1.323 1.535
1.566 1.300 1.545
50.93 42.43 50.41

1.45 1.20 1.44
0.1266 0.094 0.1185
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finding was close to the value 1.28mm that
Panshin and Zeeuw (1980) found for Ameri-
can beech wood (Fagus grandifolia L).
However, the location of sample trees was
not identified in Panshin'sis findings. In ad-
dition, altitude in this study has had no im-
pact on the result. The percentage in rate of
juvenile wood the stem plays an important
role in determining the exploitation age that

Auual ring width (mm)

and from year to year, and mainly depended
on environmental conditions in which rings
are being shaped (Figures. 1 and 2). Mean
ring width of the lower and upper heights of
the stem at intermediate altitude was smaller
(1.82 and 2.95mm), than at high altitude
(2.97and 3.37mm). Despite the close mean
fiber length and other data obtained from
different sample trees at the two altitudes,

—O— Treeno.l inter.altitude
—B— Tree no.2 inter. altitude
—A— Tree no.3 inter. altitude
—&— Treeno.1 high altitude
—l— Tree no.2 high altitude
—&— Treeno.3 high altitude

T
1 3 5

L L e S s s B s L A e s s s B S s s Bt S B A B
7 9/ 11 13 .15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Number of ring from pith to bark
Figure 1. Annual ring width of 1% beech tree height at intermediate and high altitudesin the
Caspian forest.

is mainly dependent on the size of ring
width and, secondly, on the number of an-
nua rings of which the juvenile wood is
comprised. Thus, the number of annual
rings, that the lower and upper height of the
stem contained were 14 and 22 rings at the
intermediate elevation, and 18 and 16 rings
at the high elevation, respectively (Table2).
Annual ring widths varied from pith to bark
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statistical comparisons were performed for
confidential interpretation Fiber length in
different sample trees, at the two previously
mentioned stem heights at high altitude,
showed a greater length value by compari-
son to intermediate altitude, which can be
seen in Tables 2. In the first and second an-
nual rings of the stems at high altitude, some
fibers less than and some others more than
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Annual ringwidth
(mm)
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—o—Tree no.1 inter. altitude
—F—Tree no.2 inter. altitude
—A—Tree no.3 inter. altitude
—@— Tree no.1 high altitude
—ll— Tree no.2 high altitude
—aA— Tree no.3 high altitude

4.5
41
3517
3
257
, Y
1517
1

0.5 1

1 3 5 7 9 11 13 15

17

21 23 25 27 29 31 33 35

number of rings from pith to bark

Figure 2. Annual ring width of the 75% beech tree height at intermediate and high altitudesin the
Caspian forest

one millimeter length. ‘were found. This
value showed the larger trend of fiber length
at high atitude. Despite the finding of larger
fiber length at high altitude, t-test compari-
son did not show significant differences at
the 1% Jlevel at both altitudes (Table 6).
Mean juvenile wooed was determined using
the number of juvenile wood rings and the
mean ring width of the juvenile wood por-
tion in the stem was found to be 7.3% in the
stems at intermediate altitude (Table 3), and
8.75% at high atitude (Table 4). Exploita-
tion age, which was derived on the basis of
20% juvenile wood in the stems, at interme-
diate and high atitudes contained 28 and 32
annual rings respectively (Table 5). As noted
before, tree for paper making purposes must
have 20% juvenile wood in the stem, which
depends on the rate of juvenile wood in in-
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dividual tree stems. It is obvious that exploi-
tation age is also affected by the rate of ju-
venile wood production, namely the years a
tree needs reach juvenile wood border and
mean ring width as well. 4Therefore, the
exploitation ages at both altitudes were simi-
lar and the statistical t-test showed that no
significant differences were found between
them at the 1% level (Table 6).

CONCLUSION

With regard to the result, fiber length at
both altitudes and both points (upper and
lower) of the stem vary in a similar manner
from pith to bark. A sharp increase in fiber
length was seen at high dltitude in juvenile
wood portions, from pith to juvenile wood
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Table 3. Percentage of juvenile wood, exploitation age and diameter based on 20% juvenile wood in

the stems at intermediate altitude.

Charateristics of tree fature Tree height
1% 75%
a N N N
z e 8§53 z ¢ o 8% z . o B
3 o 3§ o=¢9 3 s z =8 3 £ gz =28
g & 3z = F¢t& o z g 3 Tao O g 8 _3% gao
o 8 id saé 2895 2 o =0 S g ol 8 o =® S g ol
- g 35§ ~5° 2 o 5= 32 =23 2 Foss 82 =23
8 35 g9 28 = T 33 88 53 =z & 5888 33 °g
=] = XZ 38 — 2 -2 S¢ s o —_ 2 -2 8¢ z o
s & £ °5 38§ 5 & g 2% 3 g § $3% 3
o 3 3 s 2 2 S <] g 3 @_ 3 2 g 7g 8 g
= =0 = = Q. = [~ = Q = a
§ s == g * ® 33 g T ® 33
D =
g
1 g 15 476 28 3% 61 14 630 1672 27 47 22 74 124
=0
2 2 16 402 24 40 65 13 632 1740 26 48 22 73 118
)
3 o 13 131 32 4 52 16 1318 3440 16 35 23 10. 128
a
Mean 15 7.3 28 40 59 14 860 2284 23 43 22 85 124

border in all trees, but this trend was milder
a intermediate altitude, which means a
fairly good postcambial growth of fibers at
the former altitude. Although;. this. result
could not be taken as an important factor, it
does have an on juvenile'wood rate produc-
tion as well as the explaitation age, which is
important to forest harvesting for papermak-
ing purposes.. Although the results showed
that raising altitude to.about 500m above the
sea level resulted in a better wood structure
in beech trees, this difference still could not
be taken account of, as a significant differ-
ence in between. On the other hand, with
respect to the evidence of the results, larger
values belonged to high altitude, and so it
can be predicted that increasing the eleva
tion to above 500m could improve beech
wood fiber length. Narrow ring width and
variationsin it from year to year should have
a negative effect on fiber length variation. In
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fact, seriously low precipitation, a high tem-
perature and human interference, taken to-
gether, might cause narrow ring width in the
stem. A small percentage of juvenile wood
makes for an earlier exploitation age in the
stem, which can be taken as a positive factor
in tree harvesting for papermaking purposes.
However, on the other hand, shorter fiber
length in the stem can be seen as a negative
point. Although, wider annual rings at high
atitude have not accounted for significant
difference, they show us better measure-
ments as a whole. Even though a difference
in atitude of about 500m could not seriously
affect fiber length or juvenile wood rate pro-
duction in Iranian beech trees of Caspian
forests, given the larger values at high alti-
tude, it seems that elevation should play a
positive role with beech trees when the dif-
ferenceis greater than 500m.
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Table 4. Percentage of juvenile wood, exploitation age and diameter based on 20% juvenile wood the
stems at high altitude.

Charateristics of trees fature Tree height
1% 75%
N
z ¢ 8p 2 ¢ o &7 2 ¢ o ¥3
3 - 3 =3 3 g S8 3 g o8
g 3 = ,%09 = g§ 3 <2 ge © g 8 .2 Ts
B ) 5&% = % Q = 3 2 % o) = 3 £
° S s 838 —~o <2 8z 83 -9 <2 8z %3
g 35 233 2 3 s 82 =Za 2 g s 82 Za
g & z8 gz K 858 02 sF B 8533 2= 2F
g < = o I c o o c o
g 3z “2°8: 3 & g°§g8f 3 & g =% i}
= = = = o = = = o = =
& s 35 & @ @ 3g g & & §g
Q
g
1 § 16.7 935 32 39.6 56 18 123 26.8 209 37 17 7.0 14.0
g
Q
2 i 180 733 34 43.0 74 18 7.0 258 204 34 18 120 146
a
Py
3 g 140 957 30 377 54 18 125 258 195 37 14 6.0 12.6
a
Mean 162 875 32 40.1 61 18 106 26.1 203 36 16 8.3 137

Table 5. Mean fiber length in 1% and 75% tree hights at intermediate and high altitudes, and tree ex-
ploitation age.

Fiber length
TreeNo. Intermediate Exploitation High Exploitation
altitude agein tree altitude agein tree
(year) (year)
1% 75% 1% 75%
Treenol. 1.20 1.08 28 1.39 1.45 32
Tree no2. 145 127 24 141 1.20 34
Tree no3. 144 131 32 1.39 1.44 30
Sum 4.09 3.66 84 4.19 4.09 96
Mean 1.36 1.22 28 1.39 1.36 32

Table 6. Statistical comparison of fiber length and exploitation age at intermediate and
high altitudes, using t-test method.

Sources of Df. SSa SS S t t;
Variation
Fiber length of 4 0.039 0.0003 0.009 0.389 4.604 ns
1% tree height
Fiber length of 75% 4 0.029 0.039 0.017 1.346 4.604 ns
tree height
Exploitation age 4 32 8 10 2.50 4.604 ns
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