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INTRODUCTION 

Loblolly pine (Pinus taeda L.) is an important com

mercial timber species in the southern United States. It 

exhibits rapid -early growth, good form and desirable wood 

properties. Current forestry practices are aimed at further 

reducing the rotation length while increasing the volume of 

wood harvested. This leads to an increase in the proportion 

of juvenile wood reaching the wood processors. 

Juvenile wood is formed in the center of a tree through-

out the length of the bole. Trees that grow faster allowing 

harvest at an earlier age than was possible in the past 

contain a larger proportion of juvenile wood. Juvenile wood 

is inferior to mature wood for most end products. A possible 

solution to the problem may be to breed trees for a shorter 

juvenile wood phase. The objective of this study was to 

examine this possibility. 

Each chapter in this thesis is a spearate and complete 

manuscript. The first "Genetic variation in the time of 

transition from juvenile to mature wood in loblolly pine 

(Pinus taeda L.)", will be submitted to Silvae Genetica and 

the second, "Juvenile-mature relationships and heritability 

estimates within and among traits in loblolly pine (Pinus 

taeda L.)", will be submitted to the Canadian Journal of 

Forest Research for publication 

1 



PART I 

GENETIC VARIATION IN THE TIME OF TRANSITION 

FROM JUVENILE TO MATURE WOOD IN 

LOBLOLLY PINE (PINUS TAEDA L.) 

2 
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SUMMARY 

Wood samples were collected from a 25-year old loblolly 

pine progeny test in east Texas. Specific gravity and 

tracheid length were determined for two-ring segments from 

the pith to ring 22. Values for each property were plotted 

against age to determine the age of transition from juvenile 

to mature wood. The mean ages of transition were 11.45 and 

10.39 years for specific gravity and tracheid length respec-

tively. There was no correlation between the age of trans-

ition for specific gravity and tracheid length. Narrow sense 

heritabilities estimated on a family mean basis for age of 

transition of each property were sufficiently high to suggest 

moderate gains are possible. Genetic correlations between 

the age of transition for each character and height and 

diameter of the trees at age 20 were negative, suggesting 

that fast growth may be related to early age of transition 

and whole core specific gravity and tracheid length were 

negative. 



INTRODUCTJON 

Loblolly pine (Pious taeda L.) is the primary timber 

species grown in the southern United States due to its 

extensive range, good growth characteristics, and desirable 

wood properties. The species is well suited to short 

rotation forestry because of rapid early growth exhibited 

during the sapling stage. Genetic improvement and silvi

cultural practices are designed to further reduce rotation 

length while increasing productivty. As the rotation age 

is reduced, however, the relative proportion of juvenile 

wood in the harvest increases. 

Juvenile wood which is formed near the pith ~hroughout 

the bole of a tree is significantly different from wood 

produced in outer rings, termed mature wood. Juvenile wood 

4 

characteristically has low specific gravity, short tracheids, 

large fibril angle, and a lack-luster appearance when 

compared with mature wood, (Zobel~~· 1972, Pearson and 

Gilmore 1971, Bendtsen 1978). Specific gravity, tracheid 

length and fibril angle have been identified as key indica

tors of wood quality for various end products because of 

their impact on strength, pulping quality and shrinkage 

(Mitchell 1965, Wahlgren and Schumann 1972, McElwee 1963). 

Thus the relative proportion of juvenile and mature wood 

reaching a manufacturer significantly influences the quality 

of the finished product. 

The relationship between wood properties and wood age 

(distance from the pith) in loblolly pine has been described 

/ 



as a trend characterized by rapidly increasing specific 

gravity and tracheid length with age, levelling off at 7 to 

15 rings from the pith (Zobel and McElwee 1958, Saucier and 
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Tarras 1969, McMillin 1968, Pearson and Gilmore 1980). Bend-

tsen (1978) stated that it is possible for one character 

such as cell length to reach maturity before another char-

acter such as cell wall thickness. Zobel and McElwee (1958) 

indicated that both specific gravity and tracheid length, 

plotted against age produce curves of similar form. 

Heritabilities reported for specific gravity and tra

cheid length in juvenile wood of loblolly pine are relatively 

high. Heritability estimates for specific gravity of trees 

from three to_ eight years of age range from .56 to 1.0 

(Stonecypher and Zobel 1966, van Buijtenen 1962, Goggans 1964, 

Stonecypher~~· 1973). Heritability estimates for tra-

cheid length from trees of the same age range were reported 

by Goggans (1964) and Stonecypher~~· (1973) to be .44 

and .97 respectively. Thus it should be possible to develop 

trees with more desirable juvenile wood properties than is 

generally found in young trees if there is significant 

genetic variation in the population Zobel and Blair (1976) 

reported, however, that high density juvenile wood did not 

have comparable physical properties to mature wood. An 

alternative to breeding for trees with high specific gravity, 

long-fibered juvenile wood may be to breed trees for a 

shorter juvenile wood production phase. 

The objective of this study was to examine the possi-
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bility of breeding loblolly pine for a reduced juvenile wood 

phase. Genetic variation in the time of transition from 

juvenile to mature wood was estimated for a population of 

loblolly pine from east Texas. 
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MATERIALS AND METHODS 

Twelve millimeter increment core samples were collected 

in Dec. 1981, from a 25-year old loblolly pine open-pollin-

ated progeny test in east Texas. The test was planted at 

two locations with 16 families randomized within each of 

three blocks at location one, near Rusk, and two blocks at 

location two, 
1 

near Nacodoches . The parent trees had been 

selected from throughout east Texas for high or low specific 

gravity extremes. Each family consisted of a row of 26 trees 

in each block when the plantations were established. The 

rows have subsequently been thinned to an average of nine 

trees per row at location one and 12 trees per row at loc-

ation two. The 15 families that were sampled for this study 

had at least five surviving trees in each of two blocks at 

each location. One radial increment core was taken from the 

north side of each of five trees per family from each block 

at a height of 1.4 meters above the ground. Cores were 

examined for branch or knotwood and were used only if they 

consisted entirely of clear wood 

Each core was divided into two-ring segments beginning 

at the pith. Prior to specific gravity determination, extra-

tives were removed using a modified ASTM (1970) procedure 

described by Goggans (1962) and a modified soxhlet extractor 

apparatus described by Browns et al. (1977). Specific 

1 The material was made available by the Western Gulf Forest 
Tree Improvement Cooperative, the Texas Forest Service and 
Texas A&M University. 
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gravity was determined by the maximum moisture content method 

described by Smith (1954). A small section of latewood was 

removed from the second ring of each two year segment for 

determination of tracheid length. The sample was macerated 

following a procedure described by Buxton (1967) and the 

fibers were stained with safrannin 0 dye. Thirty whole tra-

cheids per segment sample were selected at random and meas- . 

ured to the nearest .05 mm. 

ANALYSIS 

The time of transition from juvenile to mature wood was 

estimated separately for specific gravity and tracheid 

length. Initially it was assumed that both specific gravity 

and tracheid length, when plotted against age, would produce 

a curve as shown in Figure 1 (Zobel and McElwee 1958). Thus 

the point of transition could be identified by fitting two 

regressions to the data for each tree and finding the point 

of intersection for the two lines with best fit (smallest 

error sum of squares). 

All data did not conform to the expected pattern, how

ever, and the most reasonable value resulting from a combin

ation of three methods was used as the age of transition. 

The first method involved fitting two regressions, without 

forcing an intersection of the lines. This was done eight 

times for each tree with each iteration dividing the samples 

into two groups beginning with rings less than or equal to 

age four in the juvenile group and rings greater than age 

four in the mature group up to rings less than or equal to 
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age 18 in the juvenile group and rings greater than age 18 

in the mature group. Increments were by two years. The 

age of transition was estimated ~s the age at which the 

second group (mature wood) began for the model with best fit 

determined by the smallest error sum of squares. 

A second method was applied in cases where the best fit 

using method one resulted in the mature group having negative 

slope. This occurred in about 15% of the cases. Method two 

differed from method one in that the slope of the mature 

group was held constant at zero, with the assumption that 

the mature wood values fluctuate around a constant mean. In 

several cases where the best fit resulted in the juvenile 

group having negative slope and the mature having a positive 

slope, the time of transition was estimated by visual exam-

ination of the data points plotted over age. The ages 

estimated by the regression methods were checked against the 

plots to ensure that the regression model used was the most 

reasonable with respect to the data. 

Specific gravity and tracheid length values for each 

segment were averaged over all families and each was plotted 

against age to yield an average curve. Phenotypic correla-

tions using Pearson's product moment method (Statistical 

Analysis System 1979) and genetic correlations (Falconer 

1980) were computed for the following pairs of characters: 

1. Age of transition for specific gravity with age 

of transition for tracheid length. 

2. Age of transition for each trait with the value of 
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that trait at transition. 

3. Age of transition with height and diameter of the 

trees at age 20. 

4. Age of transition for specific gravity with parent 

tree . f. . 2 speci ic gravity. 

5. Specific gravity at the point of transition with 

parent tree specific gravity. 

The mean age of transition for each parameter was 

calculated for each family. An analysis of variance was 

computed for age of transition for each trait (Table 1). 

Variance components were estimated from the analysis of var-

iance and family mean and individual tree heritabilities were 

calculated for age of transition for each character and for 

tracheid length at the point of transiti~n. Standard errors 

associated with the heritability estimates were approximated 

(Kendall and Stuart 1958). The estimated heritabilities 

were based on the assumption that the open-pollinated 

families consisted of half-sibs. Heritabilities were 

calculated as follows: 

2 

(1) 
0-f 

2 
1/2 

2 
1/4 2 1/20 er 

2 
CJ f + 0- f 1 + o- fr (1) + e 

2 
40' f 

2 2 2 2 
( 2 ) h~ 

l 
er f + ()' fl + CJ'fr(l) + (j 

e 

Where estimated narrow sense heritability by 
family mean 

2 Growth data from the trees at age 20 and parent tree spec-
ific gravity was made available by the Western Gulf Forest 
Tree Improvement Cooperative, The Texas Forest Service and 
Texas A&M University. 
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l 

estimated narrow sense heritability by 
individual tree 

family variance component 

family x location interaction 
component 

variance 

family x replicate in location variance 
component 

d 2 among progeny variance component 
e 
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Expected individual tree breeding values were calculated 

independently for specific gravity and tracheid length for 

the three trees having the shortest juvenile phase in each 

of the two families with the shortest average juvenile phase. 

Expected breeding values were calculated as follows (Falconer 

1980): 

(3) E(B.V.)=[(l-r)/(1-t)]Pw + [(l+(n-l)r)i(l+(m-l)t)]Pf 

where E(B.V.) Expected breeding value 
r = genetic correlation between 

individuals 
t = intraclass correlation; in this 

case, 1/4 additive variance divided 
by total variance 

Pw deviation of individual from family 
mean 

n number of individuals in each 
family 

Pf = deviation of family from population 
mean. 

An expected breeding value provides a means for esti-

mating the deviation of an individual's future progeny from 

the population mean. In the above form it can be used to 

predict a response to combined family and individual tree 

selection. 
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RESULTS AND DISCUSSION 

Individual plots for specific gravity and tracheid 

length over age varied considerably from the expected shape. 

The plots could be divided into four categories b~sed on the 

configuration of the points (Figure 2). Forty-five percent 

of the specific gravity plots and 65% of the tracheid length 

plots fit the expected curve. Twenty-five percent of the 

specific gravity plots showed a discontinuity or a very 

abrupt change from juvenile to mature wood and a large number 

of the plots for both traits, 16% of specific gravity and 

29% of tracheid length, continued to increase consistently 

through ring 20. Due to the construction of the regression 

models, age 20 was used as the age of transition in the 

latter cases. In some cases, the rate of increase in 

tracheid length abruptly slowed but a constant "mature" 

tracheid length was not attained. Here the age of transition 

was identified as the point where the rate of increase in 

tracheid length declined. Thirty-one specific gravity plots 

and nine tracheid length plots showed a tendency for de-

creasing values with age in the mature wood. This was 

assumed to be a random fluctuation around an actual slope 

equal to zero. 

Specific gravity, averaged over all trees, was plotted 

over age and produced a sigmoid curve, with a period of 

juvenile wood extending to age six, a transition period of 

rapidly increasing specific gravity extending from age six 

to approximately age 14 and mature wood from age 14 to age 
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22 (Figure 3). Average tracheid length, when plotted over 

age (Figure 4) yielded a picture that was similar to the 

expected shape with rapidly increasing tracheid length from 

age two to age 10 and a more gradual increase in length 

from age 10 through age 22. 

Phenotypic and genetic correlations were computed for a 

number of pairs of characters, and are presented in Table 2. 

Phenotypic and genetic correlations between age of transition 

for specjfic gravity and the age of transition for tracheid 

length were very low. The data indicate that there is not a 

specific age where all wood properties express maturity. 

The onset of mature wood production in a loblolly pine tree 

must be considered relative to the wood property of interest. 

Phenotypic correlations for the age of transition with 

height and diameter of the trees at age 20 were not signif

icant at the .05 level for either specific gravity or 

tracheid length. Genetic correlations were strong and 

negative, however, indicating that selection for fast growing 

trees may have the effect of shortening the juvenile phase 

of wood specific gravity and tracheid length. Phenotypic 

correlations were significant and positive between the age 

of transition for each wood property and the value of that 

property at the point of transition, but genetic correlations 

were less than .10. This would suggest that selection for 

early maturity should not have a negative effect on mature 

values for specific gravity or tracheid length. 

There was no correlation between the age of transition 

for specific gravity and the parent tree specific gravity. 



Thus the mode of selection of the parents should not cause 

bias in heritability estimates for age of transition for 

specific gravity. The age of transition for specific 

gravity was negatively correlated with whole core ·specific 

gravity. The phenotypic correlation (r ) was -.12 and the p 

genetic correlation (rA) was -.68. Mature wood specific 

gravity had a positive phenotypic correlation (r =.13) but 
p 

a negative genetic correlation (rA=-.22) with the time of 

14 

transition. The time of transition for tracheid length was 

negatively correlated with whole core tracheid length 

(r =-.25) and with mature tracheid length (r =-.08). The p p 

correlations are low but indicate a tendency for the whole 

core or mature wood specific gravity and tracheid length to 

increase as age of transition decreases. 

The mean age of transition for specific gravity was 

11.5 years (Table 3). The mean age of transition for 

tracheid length was 10.4 years with a minimum of six years 

and a maximum of 20 years. The wide range in the age of 

transition for both properties indicates broad phenotypic 

variability. The mean specific gravity at the age of tran-

sition was .53 and the mean tracheid length at transition 

was 4.09. Family means ranged from 9.8 to 13.0 for age of 

transition of specific gravity (Table 4). Family means for 

age of transition for tracheid length ranged from 8.7 to 

12.3 years. Texas family 4041001 had the earliest age of 

transition for both specific gravity and tracheid length. 

Analysis of variance results are presented in Table 5. 

Although the among family variance pooled over locations was 
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not significant at the .05 level for specific gravity tran

sition age, it was the closest to significance among the 

sources of variance. There was significant family x location 

interaction for transition age of tracheid length, resulting 

from several changes in family ranking between the two loc-

ations. When each location was analysed separately the 

family variation was significant at each location. 

Variance components were estimated as shown ib Table 1 

and narrow sense heritabilities were calculated. on a family 

mean (h 2 f)' and an individual tree (h 2 i) basis for age of 

transition for specific gravity over locations, and age of 

transition of tracheid length both over locations and by 

individual locations. Heritabilities with associated est-

imates of standard errors are presented in Table 6. The 

heritability estimate for specific gravity at the age of 

transition may be biased upward since there was a significant 

phenotypic correlation between this trait and parent tree 

specific gravity. The heritability estimate for tracheid 

length at the age of transition was negative and is 

fore assumed to be close to zero. 

there-

Family mean heritability estimates for age of tran

sition for both characters appear sufficiently high to allow 

moderate gains through family selection or combined selection 

based on family and individual tree heritabilities. Expected 

breeding values were calculated for the three individuals 

having the shortest juvenile wood phase in the two top ranked 

families for each property. The mean expected breeding 
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value for the three top individuals for specific gravity 

from the families ranked first and second wer~ 4.10 and 3.45 

respectively. Thus, theoretically, progeny produced from a 

matin~ of one of the three trees from the first family with 

the population at rando~ could be expected to have a juvenile 

wood phase 2.05 years shorter for specific gravity than the 

population mean. If these three trees were mated with the 

three trees in the second ranked family, the progeny could 

be expected to have a juvenile wood phase lasting 

years less thn the population mean of 11.45 years. 

3. 77 

The mean expected breeding value for age of transition 

of tracheid length for the three best trees in the two top 

ranked families were 4.37 and 4.48 respectively, implying a 

possible reduction in juvenile wood phase among progeny of 

a cross between these two groups of trees of 4.42 years. 

The selection intensities implied by the above est

imates are improbably high, but it serves to demonstrate that 

considerable gains could be made. It is important to real-

ize that the reported heritability estimates are based on 

the assumption that all of the open pollinated progeny are 

half-sibs. Further, the assumptions that there are no, 

correlations among pollen parents and no correlations between 

pollen and seed parents, are implicit in the genetic models. 

Any or all of these assumptions may be violated when open 

pollinated progeny are used to estimate half-sib covariances, 

with the probable result that heritabilities will be slightly 

over-estimated (Squillace 1974, Namkoong 1966). 
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CONCLUSIONS 

The age of transition from juvenile wood to mature wood 

in loblolly pine can be estimated only with reference to a 

particular wood property, such as specific gravity or 

tracheid length. When each character is considered indepen-

dently, there is evidence of additive genetic variance 

influencing the time of transition among loblolly pine of 

east Texas. Estimated family mean heritabilities of tran

sition age for specific gravity ( .36) and tracheid length 

(.34-.51) are sufficiently high to suggest moderate gains 

can be achieved by selection on a family mean basis or be 

combined selection based on family mean and individual tree 

information. 
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Table 1. Estimation of variance components from an analysis 
of variance, (a) over locations and (b) by indiv
dual locations. 

(a) 

Source Degrees of freedom Expected mean squares 

Location 1 

Reps in Location 2 

Family 14 

Family x location 14 

Family x rep (loc) 28 

Progeny 240 

b) 

Source Degrees of freedom Expected mean squares 

Reps 1 

Family 14 2 2 2 
oe+Sofr+l0o'f 

2 2 
a +So£ e r 

Family x rep 14 

Progeny 

Where 
2 

a 
e 

120 2 a 
e 

variance among progeny within families 

family x replicate in location variance 
component 

2 
afl family x location variance component 

2 
ofr family x replicate variance component 

2 
of family variance component 
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Table 2. Phenotypic (r ) and genetic (rA) correlations among 
age of transiEion for specific gravity (SG AGE) and 
tracheid length (TL AGE), the values of the para
meters at the point of transition (SG,TL), specific 
gravity of the parent trees (PSG) and height (Ht20) 
and diameter (Dia20) of the trees at age 20. 

TL Age SG TL PSG Ht20 Dia20 

SG Age 

r O" . _) .SP· .06 -.04 ·-.10 -.06 p 

rA - . 12 .07 .00 -1.37 -.61 

TL Age 

r .02 .56·X· .07 -.09 -.03 p 

rA .10 .00 -.43 .01 

SG 

r -.04 . 2 6?c -.25'~ - . 26'~ 
p 

rA .00 -1.08 -1.07 

TL 

r -.02 . 1 1 .04 p 

rA .00 .00 

* significant at the P=.05 level 



Table 3. Means, standard deviations and maximum and minimum 
values for age of transition for specific gravity 
(SG Age) and tracheid length (TL Age), and values 
of each parameter at transition. 

Character Mean S. D. Max Min 

SG Age 11. 45 3.20 20 4 

SG .53 .06 o. 73 0.40 

TL Age 10.39 3.61 20 6 

TL 4.09 .48 5 . .54 2.94 

22 
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Table 4. Family mean ranking for age of transition for spec-
ific gravity (SG Age) and tracheid length (TL Age). 

SG Age Family TL Age Family 

9.8 4041001 8.7 4041001 

10. 1 4401034 9.0 4021002 

10.8 4061001 9.4 4051002 

10.8 4051002 9.6 4051001 

10.9 4021001 9.8 4061003 

11. 1 4011001 9.8 4021004 

11. 4 4051001 10.0 4031002 

11. 4 4031001 10.2 4061001 

11. 4 4021003 10.7 4031001 

11. 6 4031002 10.9 4201001 

11. 9 4201001 11. 0 4021001 

12. 2 4021002 11. 2 4011001 

12.6 4031004 11. 5 4401034 

12.8 4061003 11. 7 4021003 

13.0 4021004 12.3 4031004 
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Table 5. Analysis of variance for age of transition for 
specific gravity, (a), tracheid length over loc
ations, (b), and for tracheid length by locations, 
location 1, (c), and location 2, (d). 

(a) Specific Gravity 
Source d. f. 

Location 1 
Replication 2 
Family 14 
Family x loc 14 
Family x rep(loc) 28 
Error 240 

( b ) Tracheid lenoth 
Source d.f. 

Location 1 
Replication 2 
Family 14 
Family x 10 e: 14 
Family x rep(loc) 28 
Error 240 

(c) Trac he id length 
Source d. f. 

Replication 1 
Family 14 
Family x rep 14 
Error 120 

( d) Tracheid lenoth 
Source d. f . 

Replication 1 
Family 14 
Family x rep 14 
Error 120 

Mean square 

6.4533 
13.3333 
17.3676 
9.6533 

11.8190 
9.6667 

Mean square 

65.3333 
36.0533 
21.7962 
14.2762 
6.0248 

12.8333 

Location 1 
Mean square 

0.0000 
20.4267 
6.6286 

13.3333 

Location 2 
Mean square 

71.1066 
15.6457 
5.4209 

12.3333 

F 

0.48 
1. 38 
1. 80 
0.82 
1. 22 
1. 22 

F 

1 . 81 
2.81 
1. 53 
2.37 
0.47 

F 

0.00 
3.08 
0.50 

F 

13.30 
2.89 
0.44 

p F 

0.56 
0.25 
0. 14 
0.65 
0;21 
0.21 

p F 

0.31 
0.06 
0.22 
0.03 
0.99 

p F 

1. 00 
0.02 
0.93 

p F 

0.00 
0.03 
0.95 
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Table 6. Family mean and individual tree heritability est
imates for specific gravity at the age of transi
tion (SG) and for the age of transition for 
specific gravity (SG Age) and tracheid length (TL 
Age) in loblolly pine wood. 

Character 

SG 
Over locations 

SG Age 
Over locations 

TL Age 
Over locations 
Location 1 
Location 2 

h2 
f 

.52 

.36 

.34 

.51 

.45 

s. e. 

. 11 

.38 

.57 

. 15 

. 16 

h~ 
l 

.30 

• 1 2 

. 1 1 

.37 

.31 

s. e. 

.04 

.06 

.14 

.20 

.22 



AGE 
Figure 1. Expected form of the transition from 
juvenile to mature wood in loblolly pine. Adapted 
from Zobel and McElwee (1958). 

26 



(a) (b) 
a:: a:: 
o::r: O::r: 
>-1- >-1-
I-(.!) I-(!) _z -Z 
~~ ~IJ.J 
0::0 

a:: ...J 
<.!>_ (.!)0 

LLJ o·w o::r: -::r: -o u.o !:!::c:t -<t 
Oo:: 0 a:: 
W1- lf 1-a.. en en 

AGE AGE 

a:: (c) a:: (d) 

O::r: o::r: 
>-1- >-t; 1-<.!> 1-Z -Z >w -w 
i::C...J ~...J a:: O::o (.!)0 (.!)_ 

ow ow 
-I _::r: 
u.o u.o -<t -<t Oo:: Oo:: lf 1- lf 1-
(/) (/) 

AGE AGE 

Figure 2. Generalized shapes of the plots of 
specific gravity and tracheid length over age: 
(a) 45% of specific gravity plots and 65% of 
tracheid length plots, (b) 25% specific gravity 
and 1% tracheid length plots, (c) 16% of spec
ific gravity and 29% of tracheid length plots, 
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and (d) 10% of specific gravity and 3% of tracheid 
length plots. 
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Figure 4. Tracheid length averaged over 300 trees 
plotted against age. 



PART II 

JUVENILE-MATURE RELATIONSHIPS AND HERITABILITY 

ESTIMATES FOR SEVERAL TRAITS IN 

LOBLOLLY PINE (PINUS TAEDA L.) 
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ABSTRACT 

Heritability estimates for wood specific gravity of 

loblolly pine in east Texas were high and relatively con~ 

stant for all ages of wood sampled, but tracheid length was 

found to have low heritability at all ages. Heritability 

estimates for tracheid length declined with age after age 

four. Coefficients of genetic prediction indicated that 

specific gravity of age two wood is a reliable predictor of 

wood specific gravity at age twenty-five. Genetic covari-

ances between juvenile and mature tracheid length were 

approximately zero. Coefficients of genetic prediction and 

genetic correlations between specific gravity and height and 

diameter at age twenty indicated a strong negative relation

ship. 
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INTRODUCTTON 

Genetic gains per unit _time are inversely proportional 

to the length of a selection cycle, thus the value of the 

juvenile form of a trait in predicting the mature form is 

an important consideration in a breeding program. Studies 

by Nicholls (1966) and Namkoong et al. (1972) have demon

strated that the degree of genetic control for certain 

characters may change with age. Assessing juvenile-mature 

relationships may be difficult when the two phases have very 

different properties. In particular, specific gravity of 

juvenile wood may be considered to be a genetically different 

trait from specific gravity of mature wood (Jett and Talbert 

1982). 

Measures of juvenile-mature relationships include 

genetic and phenotypic correlations, parent-offspring re

gression and the coefficient of genetic prediction as 

described by ~aradat (1976). A genetic correlation is 

recognized as a more reliable predictor than a phenotypic 

correlation since the magnitude and direction of environ

mental correlations are usually not known (Falconer 1980). 

The presence of a genetic correlation suggests that a 

relationship between the two traits is inherent. A parent-

offspring regression is useful if the juvenile and mature 

forms of the trait are similar and are controlled by the 

same genes (Jeff and Talbert 1980). The coefficient of 

genetic prediction seems ideally suited to measuring the 

expected response in the mature phase resulting from 



33 

selection during the juvenile phase for a given trait. When 

the phenotypic mean of one trait is shifted by one standard 

deviation, the breeding value of the other trait changes by 

an amount equal to the product of the coefficient of genetic 

prediction and the phenotypic standard deviation of the 

trait (Ba~adat 1976). 

The coefficient of genetic prediction of any trait 

with itself would equal heritability. If the degree of 

genetic control remains constant throughout the life of an 

organism, the coefficient of genetic prediction for a 

juvenile and mature form of the sam~~trait should be very 

similar to the heritability of the trait during either phase. 

Similarly, a parent-juvenile offspring regression should. be 

very close to both the coefficient of genetic prediction 

and heritability estimated from variance components, if the 

juvenile trait is closely related to the corresponding 

mature trait. 

High positive phenotypic and genetic juvenile-mature 

correlations for wood specific gravity and tracheid length 

have been reported by Zobel et al. (1959), Stonecypher and 

Zobel (1966), and Jackson and Greene (1958). The relation-

ship between these wood properties and growth of loblolly 

pine have been studied extensively, but results vary from 

strong positive to strong negative correlations (Stonecypher 

et al. 1973, McKinley ~ ~· 1982, Bendtsen 1978, Zobel et 

al. 1960, Namkoong ~al. 1969). The relaionship between 

tracheid length and specific gravity is not clear. Zobel 



et al. (1961), McMillan (1968) and Goggans (1964) reported 

negative or zero correlations between the two properties. 
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The objectives of this study were to examine age trends 

in heritability of specific gravity and tracheid length, to 

examine juvenile-mature relationships with respect to the 

predictive value of the juvenile wood phase for specific 

gravity and tracheid length of mature loblolly pine wood, 

and to examine relationships among wood specific gravity, 

tracheid length and measures of tree growth at age twenty. 
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MATERIALS AND METHODS 

Wood samples were collected from a 25-year old loblolly 

pine open-pollinated progeny test planted at two locations. 

Location one is near Rusk and location two is near Nacodoches, 

1 
Texas . The parent trees had been selected from throughout 

east Texas for high and low specific gravity. Sixteen 

families were randomized within each of three blocks at loc-

ation one and two blocks at location two. The fifteen 

families that were sampled for this study had at least five 

surviving trees in each of two blocks at each location. One 

radial 12-millimeter increment core was taken from the north 

side of each of five trees per family from each block at 

the height of 1.4 meters above the ground. Cores were 

examined for branch or knot wood and were used only if they 

consisted entirely of clear wood. 

Cores were divided into two-year segments beginning at 

the pith. Extractives were removed from the wood segments 

using a modified ASTM (1970) procedure described by Goggans 

(1962) and a modified soxhlet extractor apparatus described 

by Browns ~ al. (1977). Wood specific gravity was 

determined by the maximum moisture content method (Smith 

1954). A small section of latewood was removed 

1 The material was made available by Western Gulf Forest 
Tree Improvement Cooperative, the Texas Forest Service and 
Texas A&M University. 
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from the second ring of each segment for determination of 

tracheid length. The sample was macerated following a 

procedure outlined by Buxton (1967) and the fibers were 

stained with Safrannin 0 dye. Thirty whole tracheids were 

selected at random from each latewood sample and measured 

to the nearest .05 mm. 

Specific gravity and average tracheid length were 

calculated for each age segment of the cores representing 

different ages of wood. The center of the pith to the end 

of ring two represented wood from a two year old tree. The 

pith to the end of ring four represented a four year old 

tree. Specific gravity and mean tracheid length were also 

calculated for six, eight, and ten-year core segments in the 

same manner. Whole core values and values for each property 

for the segments from ring sixteen to ring twenty-two, 

representing mature wood (Loo,~ al. 1984), were calculated. 

Analyses of variance were computed for each age group and 

each property. Heritability estimates were calculated on a 

family mean and individual tree basis using variance compo-

nents (Table 1) as follows: 

( 1 ) 

( 2 ) h~ 
l 

Where 

h~ 
l 

2 
of 

2 2 2 
af + 1/2 afl + 1/4 afr(l) + 1/20 

2 2 2 
0 f + afl + 0 fr(l) + 

2 
a 

e 

2 
a 

e 

estimated narrow sense heritability by 
family mean 

estimated narrow sense heritability by 
individual tree 



2 
O' 

f 
7-

0 fl 

,2 
0 fr(l) 

family variance component 

family x location interaction variance 
component 

family x replicate in location variance 
component 

2 a among progeny variance component 
e 

Coefficients of genetic prediction were calculated to 

estimate the value of specific gravity and tracheid length 
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at each age (2, 4, 6, 8 & 10) in predicting specific gravity 

or mean tracheid length of the mature wood and of the whole 

core at age 25. The coefficient of genetic prediction is: 

( 3) 

Where 

CGP. 
l 

cov(A.,A.) 
l 

CJ . CY • 
pl PJ 

CGP. 
l 

coefficient of genetic prediction 
for trait i calculated on a family 
mean basis 

Cov(A., A.) 
l J 

covariance between the breeding 
values of traits i and j 

o' . ' a . 
PJ pl 

square root of phenotypic variance 
of trait i or trait j. 

Parent-offspring regressions were calculated for 

specific gravity. Phenotypic and genetic correlations were 

computed for each age of wood with the mature wood and with 

the whole core for each property. 

Coefficients of genetic prediction as well as genetic 

and phenotypic correlations were calculated for specific 

gravity of juvenile wood (rings 1 - 6), mature wood (rings 

16 - 22) and whole core with height and diameter of the trees 

2 
at age 20 Phenotypic correlations were computed for 

2 Parent tree specific gravity and progeny height and dia
meter data were made available by the Texas Forest Service 
and Texas A&M University. 
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juvenile, mature and whole core tracheid length with the 

growth characters and with specific gravity of each phase. 

Standard errors associated with heritability estimates, 

coefficients of genetic prediction, and genetic correlations 

were approximated (Kendall and Stuart 1958) as follows: 

s.e. 

where E expression for the estimate of interest 

Mi ith mean square 

ki degrees of freedom associated with the 
ith mean square. 

when more than two mean squares were involved in the calcu-

lation, and: 

s.e.(E) [Mi/Mj] 2 [Var(F)] 

where Mj = jth mean square 

Var(F) the variance of an F distribution, 

when the calculation could be reduced to a ratio of two mean 

squares. 
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RESULTS AND DISCUSSION 

The analysis of variance indicated highly significant 

differences among family means for specific gravity at all 

ages. Family differences for tracheid length were not 

significant at any age. Both family and individual tree 

heritabilities for specific gravity at all ages are very 

high (Table 2). This might be expected since the seed 

parents were selected for high or low specific gravity, thus 

violating the assumption of random selection implicit in the 

statistical model. 

Parent-offspring regressions provide a valid estimate 

of heritability regardless of the mode of selection of the 

parents when the same trait is considered in each group. By 

doubling the regression of mature wood specific gravity on 

specific gravity of parent trees a valid estimate of 

heritability should be obtained. This estimate is low 

(2b =.57±.14) in comparison with the individual tree and 
op 

family mean heritability estimates of 1.03±.37, and .80±.14 

respectively for mature wood specific gravity. It is also 

low compared with many published family mean heritability 

estimates (Stonecypher and Zobel 1966, Namkoong ~ ~· 

1969, van Buijtenen 1962, and Goggans 1964). The parent-

offspring regression may be the more reliable estimate since 

the assumptions of random selection of parents and of the 

.25 half-sib correlation among progeny are involved in the 

estimation of heritability by variance components but are 

not in parent-offspring regression estimates. The dis-
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parity between parent-offspring regression estimates and the 

variance component heritability estimates for rings two to 

ten may support the view that specific gravity of juvenile 

wood is genetically a different trait from that of mature 

wood. 

Tracheid length heritability estimates indicate that 

the character may be under little genetic control, but there 

js an apparent age dependency. The estimated family mean 

heritability was highest at age four 
2 

(h f=.30), but declined 

to .14 at age ten. This corresponds to a trend in finus 

radiata (D. Don) discussed by Nicholls (1967). Published 

heritability estimates for tracheid length in loblolly pine 

are much higher, however, ran&ing from .44 to .97 (Namkoong 

et al. 1969, Goggans 1964, and Stonecypher et al. 1973). 

The estimated heritabilities for tracheid length in mature 

wood and for the whole core were 0 and .04 respectively. 

The standard errors were high at all ages suggesting that a 

sample size of twenty tracheids may not have been adequate 

for accurate estimates. 

The estimated coefficients of genetic prediction (CGP) 

between specific gravity of each age of wood and whole core 

specific gravity presented in Table 3 are very similar to 

the family mean heritability estimates. Wood from a two-

year-old tree appears to be as valuable in predicting the 

specific gravity of a twenty-five-year-old tree as an age-

ten wood sample. The CGP varied only from . 75 to .79 over 

ages. Based on these data, selection for high specific 
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gravity at age two should result in high specific gravity 

at age twenty-five. The CGP estimate for specific gravity 

of each age with mature wood may be a more reliable pre

dictor than the CGP for each age with the whole core specific 

gravity if the projection is for trees old enough to con-

tain a large proportion of mature wood. The best age for 

selection based on this criterion is six years. 

Genetic and phertotypic correlations for wood specific 

gravity of two, four, six, eight and ten-year-old wood with 

mature and whole core specific gravity are presented in 

Table 3. Genetic correlations are very high; in all cases 

higher than the phenotypic correlations. Phenotypic corre-

lations, especially between juvenile and mature wood, appear 

to have relatively low predictive value for early selection 

purposes. 

Genetic covariances involving mean tracheid length of 

the mature wood or of the whole core where approximately 

zero. Thus, the length of tracheids in juvenile wood 

appar~ntly has no value in a genetic sense in predicting 

tracheid length in the mature wood or in the whole core. 

The only correlations that were not zero were phenotypic 

correlations (Table 4). Although phenotypic correlations 

are positive and relatively high, results of this study 

indicate that they may be misleading, reflecting mostly 

environmental relationships. 

Coefficients of genetic prediction as well as genetic 

correlations were negative and relatively high for both 
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height and diameter with specific gravity (Table 5). This 

relationship was most apparent for mature wood specific 

gravity. The data in9icate that selection for high specific 

gravity in juvenile trees, age six in this example, may 

result in a significant negative response in both height 

and diameter growth at age twenty. Similar results were 

reported by McKinley~~- (1982) for age-ten loblolly pine. 

Phenotypic correlations seem to have low reliability 

as predictors, since the environmental correlations between 

growth characters and specific gravity appear to have an 

opposite effect from genetic correlations. Phenotypic 

correlations between tracheid length and growth parameters 

were all positive and significant but low. Phenotypic 

correlations between specific gravity and tracheid length 

from juvenile wood, mature wood and whole core samples were 

all negative and low. The highest correlation was between 

mature wood specific gravity and juvenile tracheid length, 

but it only explained 10% of the variation. 



CONCLUSIONS 

Heritability estimates for specific gravity are high 

and relatively constant at all ages, but are very low and 

have an age trend for tracheid length. Coefficients of 
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genetic prediction indicate that selection for high specific 

gravity trees at age two should result in high specific 

gravity at age twenty-five. Wood specific gravity may be 

negatively correlated with height and diameter of the trees 

at age twenty. Phenotypic correlations between specific 

gravity and tracheid length are negative but weak. 

The results of this study indicate that specific 

gravity can be improved in a breeding program by selection 

at an early age. Care must be exercised, however, to avoid 

a concurrent negative impact on tree volume. Tracheid 

length can probably not be changed easily by selection. 
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Table 1. Analysis of variance for estimation of variance 
components for the loblolly pine open-polinated 
progeny test. 

Source Degrees of freedom Expected mean sguares 

Location 1 

Reps in location 2 

Family 14 2 2 2 2 
oe+Sofr(l)+20of 120df 

Family location 14 2 2 2 x cre+Sofr(l)+lOofl 

Family rep(loc) 28 
2 2 x oe+Sofr(l) 

Progeny 240 2 
0 

e 

Where 2 o· 
e 

2 
0 fr(l) 

2 
0 f l 

2 a· 
f 

variance among progeny within families 

family x rep in location variance component 

family x location variance component 

among family variance component 
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Table 2. Heritability estimates for specific gravity (SG) 
and tracheid length (TL) of loblolly pine at 
various ages, calculated 2 from variance components 
on 2an individual tree (hi) and family mean basis 
(hf), and parent-offspring regressions (2b ) 
for specific gravity. op 

Variance component estimate Regression 

Trait h2 s. e. h~ s. e. 2b s . e . 
f l op 

SG Age 2 .80 .12 . 7 7 .30 .29 .09 

SG Age 4 .74 .14 .82 .35 .30 .08 

SG Age 6 . 76 .17 .85 .25 .30 .08 

SG Age 8 .76 . 1 7 .89 .35 .30 .08 

SG Age 10 .76 . 1 7 .87 .35 .32 .08 

SG Mature'~ .80 . 14 1. 03 .37 .57 .14 

SG Whole Core . 8 1 . 14 1. 08 .30 .38 .09 

TL Age 2 .00 .54 .00 . 11 

TL Age 4 .32 .49 . 1 5 .21 

TL Age 6 .24 .54 . 13 . 18 

TL Age 8 . 21 .56 . 1 2 .20 

TL Age 10 .18 .58 .09 . 19 

TL Mature~~ .00 1. 02 .00 .10 

TL Whole Core .04 .68 .02 . 14 

~i- rings 16-22 
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Table 3. Phenotypic (r ) and genetic (rA) correlations, 
and coefficieRts of genetic prediction (CGP) for 
specific gravity (SG) of wood cores of various 
ages with mature specific gravity and whole core 
specific gravity (age 25) of loblolly pine. 

SG Mature ~} SG Whole Core 
Trait CGP s. e. rA s . e . r CGP s. e. rA s. e. r 

p 

SG Age 2 .58 . 1 7 .73 . 18 .27 . 7 7 .10 .96 .08 .65 

SG Age 4 .70 .14 .90 .12 .40 .75 . 1 2 .97 . 12 .76 

SG Age 6 .77 . 1 1 .99 . 1 0 .44 .78 . 11 1. 00 .03 .83 

SG Age 8 .77 . 1 1 .99 .09 .45 .78 . 11 1. 00 .02 .88 

SG Age 10 .74 .12 . 9 ') .09 .45 .79 .20 1.00 . 01 .91 

SG Mature':· .74 . 1 2 .92 .09 .60 

-3*" rings 16 - 22 
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Table 4. Phenotypic correlations (r ) for mean tracheid 
length (TL) from various a~es of wood with mature 
(rings 16 - 22) and whole core tr ache id length 
means of loblolly pine. 

TL Mature TL Whole Core 
Trait r 

r p p 

TL Age 2 .30 .55 

TL Age 4 .39 .69 

TL Age 6 .45 . 77 

TL Age 8 . 51 .81 

TL Age 10 .54 .84 

TL Mature .73 
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Table 5. Phenotypic (r ) and genetic (r 1 ) correlations and 
coefficiEnts ~or genetic predi~tion (CGP) between 
characters and specific gravity, and phenotypic 
correlations between growth characters and 
tracheid length in loblolly pine wood. 

Specific gravity 
Juvenile Mature Whole core 

Height 

r 
p 

rA 

s. e. 

CGP 

s.e. 

Diameter 

r 
p 

rA 

s. e. 

CGP 

s. e. 

-.01 

-.54 

.29 

-.40 

.23 

-.02 

-.45 

.29 

-.34 

.23 

Juvenile wood 

- . 24{< .07 

-.77 -.46 

.21 . 31 

-.59 -.36 

. 19 .24 

-.36~~ .03 

-.73 -.39 

.19 .30 

-.56 -.31 

. 18 .24 

rings 1 - 6 

Mature wood = rings 16 - 22 

* significant at P = .05 level 

Tracheid gravity 
Juvenile Mature Whole core 

.34 . 20{: .35* 

.21* . 11 {< . 2 3{~ 
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SPECIFIC GRAVITY AND TRACHEID LENGTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGES AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE2:: 

2 1 SG 0.33 0.34 0.33 0. 39 0. 52 0.50 0.48 0.55 0.50 0.52 0.57 
~ 1 TL 1. 92 2.39 2.65 2.94 3.55 3.52 3.73 3.82 4. 16 4.07 4.50 .<. 

2 2 SG 0.30 0.30 0.37 0.32 o. 41 0.48 0.52 0. 59 0.68 0.65 0.76 
2 2 TL 2.04 2. 14 2.46 2.57 2.89 3.53 3.89 3.84 3.92 3.98 3.79 
2 3 SG 0.37 0.36 0.40 0.55 0.50 0.49 0.58 0.60 0.51 0.54 0.50 
2 " TL 2. 15 2.92 2.50 3.80 3.94 3.84 4.02 4.06 4.63 4.80 4.92 
2 4 SG 0.36 0.35 0.48 0.37 0.38 0.54 0.53 0.54 0.56 0.54 0.55 
2 4 TL 1. 46 1. 51 1 . 65 2.43 2.66 2.98 3.22 3.43 3.74 4. 12 4.08 
2 5 SG 0.36 0.37 0.42 0.60 0.56 0.57 0.56 
.:. 5 TL 1. 80 2.76 3.26 3.71 '1. 04 3.97 3.96 
3 SG 0.32 0.31 0.37 0.33 0.36 0.38 0.52 0.53 0.56 0.64 
3 TL 2 . 11 1. 87 2.07 1 .92 2.49 2.89 4.39 3.99 4.60 4.37 
3 2 SG 0.41 0.47 0.57 0.61 0.64 0.65 0.50 0.58 0.65 0.59 
3 2 ~, 

r~ 2. 12 2.66 2.89 3.25 2.97 2.90 4.97 4.56 4. 19 4.66 
3 3 SG 0.33 0.46 o. 33 0.32 0.55 0.49 0.64 0.63 0.68 0.65 0. 71 
3 3 TL 2.20 2. 17 2.78 3.85 3.55 4.06 3.28 3.25 3.59 3.94 4. 13 
3 4 SG 0.41 0.39 0.48 0.54 0.56 0.60 0.69 0.65 0.62 0.55 
3 4 TL 1 . 81 2.49 3 20 3.61 4.32 3.95 3.57 4.35 5. 12 5. 17 
3 5 SG o. 36 0. 41 0.50 0.59 0.55 0.62 0.60 0.65 0. 55 0.53 0.60 
3 5 TL 2.02 2.76 3.45 3.51 4.03 3.96 4.97 3.99 4. 19 4.64 4.79 
4 SG 0. 38 0.38 0. 42 0.50 0.46 0.51 0.55 0.57 0.48 0.56 
4 TL 2.27 2.58 3. 10 3.74 4.31 4.23 4.39 4.50 4.32 4.62 
4 2 SG 0.34 0.39 0.34 0.44 0.44 0.46 0.55 0.59 0.50 0.57 0.60 
4 2 TL 2.03 2.99 3.52 3.78 3.96 3.93 3.98 4.32 4.57 4.81 4.67 
4 3 SG 0.39 0.39 o. 39 0.50 0.59 0.48 0.59 0.62 0.56 0 50 0.52 
4 3 TL 2.09 2. 19 2.99 3.25 3.54 3.46 2.91 3. 18 4. 13 4.29 4.29 
4 4 SG 0.32 o. 36 0.39 0.40 0.49 0.57 0.54 0.68 0. 70 0.55 
4 4 TL 2.05 2.'16 3 .04 3.47 4.39 4.67 4.64 4.80 4.72 
4 5 SG 0.34 0.33 0.34 0.41 0.50 0.44 0.56 0.54 0.46 
4 5 .TL 2.34 2.54 3 18 3.91 4.01 4.35 4. 19 4.75 4.83 
5 1 SG 0.36 0.39 o. 42 0.49 0.60 0.50 0.62 0.67 0.59 0.63 
5 1 TL 2.21 2.78 3.27 3 .. 40 3.70 4. 19 4.06 4.22 4.54 4.28 
5 2 SG 0.37 0.41 0.44 0.54 0.59 0.55 0.61 0.64 0. 53 0.56 0.60 
5 2 TL 2.69 3.48 3.91 4.38 4.87 4.41 4.66 5.30 5.31 4.92 4.87 
5 3 SG 0.35 0.38 0. 38 0.51 0.55 0.55 0.58 0.57 0.58 0.64 
5 3 TL 2. 12 3 .07 3.48 4.34 3.27 3.45 4.00 4.27 4.71 4.73 
5 4 SG 0.40 0.41 0.36 0.47 0.56 0.49 0.55 0.65 0.57 0.55 0.62 
5 4 TL 2.21 2.81 3.74 4. 14 5.23 4.64 4.67 4.67 5. 14 4.92 5.00 

i 5 5 SG 0.38 0. 34 0.40 0. 51 0.53 0.53 0. 54 0.62 0.57 
1 5 5 TL 2.38 2.88 3.31 3.74 4.09 4.47 3.98 4.38 4.25 
2 ~ SG o. 36 0. 38 0.47 0.55 0.56 0.60 0.61 0.62 0.58 0. 57 0.66 .. 
2 2 1 TL 2. 14 2.61 3. 18 4.31 4.46 4:26 4.28 4.77 4.90 4.81 4.82 
2 2 2 SG 0.35 0.37 0.33 0.38 0.50 0.50 0.60 0.62 0.60 0.54 
2 2 2 TL 1 . 95 2.68 2.81 3.56 3.81 4.42 4.08 4.55 4.45 4.52 
2 2 3 SG 0.39 0. 31 0.33 0.47 0.41 0.50 o. 53 0.52 0.48 0.50 0.5~ 

2 2 3 TL 1. 89 2.75 2.92 3.40 4.03 4. 17 4.72 4.56 4.53 4.83 4.73 
2 2 4 SG 0.38 0.37 0.40 0.54 0.47 0.56 0. 55 0.57 0.54 0.59 0.60 
2 2 4 TL 1. 79 3.06 3.53 3.43 3.72 4.61 4.68 4. 13 4.41 4.75 4.60 
" 2 5 SG 0.38 0.41 0.46 C.49 0.54 0.57 0.60 0.59 0.57 0.58 0.55 "' 
2 2 5 TL 2.00 3.26 4.03 3.97 4.28 4.78 4.73 4.39 4.67 5.06 4.93 
2 3 1 SG 0.40 0.42 0.37 0.42 0.52 0.54 0.60 
2 3 1 TL 1 . 61 1 . 71 3.22 2.94 4.32 4. 17 4.37 
2 3 2 SG C.36 0.35 0.32 0.37 0.35 0.38 0.50 0.58 0.56 0.66 0.62 
2 3 2 TL 1. 67 1 . 82 1 . 81 2. 14 2.01 2.60 3.39 3.53 3.97 3.77 3.84 
2 3 3 SG o. 54 0.44 0.37 0.36 0.42 0.58 0.53 0.55 0.58 0.63 0. 53 
2 3 3 TL 1. 73 2. 14 2.28 3.04 3.55 3.78 3.82 4.49 4.37 4.39 4.07 

\. 
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SPECIFIC GRAVITY AND TRACl-!E ID LENGTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGEB AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 

2 3 4 SG 0.39 0.42 0.47 0.55 0.56 0.58 0.54 0.62 0.49 0.56 0.47 
2 3 4 TL 2.75 3.07 3.39 3. 10 4.29 4.00 4.31 4.69 4.54 4.04 4.46 
2 3 5 SG 0.36 0.41 o. 42 0.54 0.60 0.61 0.61 0.68 0.60 0.63 0.58 
2 3 5 TL 1. 94 2.76 3.46 3.74 3.64 3.82 4.34 3.96 4.55 4.49 4.62 
2 4 SG 0.39 0.35 0.37 0.49 0.49 0.44 0.52 0.57 0.49 0.56 0.49 
2 4 1 TL 2.28 2.54 2.94 3.29 3.36 3.04 3.86 4. 18 4.48 4.70 4.67 
2 4 2 SG 0.39 0.31 0. 38 0.50 0.49 0.45 0.48 0.58 0.56 0.53 0.57 
2 4 2 TL 2.90 3.62 2.98 4.08 4.49 4.24 3.97 4.76 4.45 4.85 5.37 
2 4 3 SG 0.37 0.36 0.40 0.48 0.52 0.49 0.54 0.57 0.57 0.51 0.6C 
2 4 3 TL 2.24 2.41 3.03 3.04 3. 17 3.76 3.51 4.67 3.95 3.75 4.04 
2 4 4 SG 0.36 0.32 0.34 0.46 0.45 0.45 0.46 0.54 0.50 0.43 0. 55 
2 4 4 TL 2.38 2.82 3.26 3.53 3.75 4.26 3.34 4.35 4.02 4.33 4.84 
2 4 5 SG 0.41 0.39 0.43 0.51 0.60 0.53 0.60 0.66 0.51 0.55 0.57 
2 4 5 TL 2.30 2.87 3.43 3.33 4.05 3.23 3.97 3.60 3.94 3.98 4.26 
2 5 SG 0.38 0. 38 0.37 0.53 0.54 0. 52 0.60 0.61 0.50 0.55 
2 5 ~, 

·~ 3. 15 3.27 4. 10 4.38 4.53 4.44 4.68 4 77 4.86 5. 10 
2 5 2 SG 0.39 0. 39 0.41 0.41 0.46 0.49 0.43 0.57 0.61 0.58 0.55 
2 5 2 TL 2.07 2.89 3.62 4.36 4.87 5 .•)5 5.41 5. 12 5.33 5. 16 5.32 
2 5 3 SG 0.36 o. 36 0.35 0.44 0.5.1 0. 48 0.54 0.53 0.46 0.62 
2 5 3 TL 2.87 3.31 3.77 4. 16 4.75 4.79 4.81 5.30 4.85 5.00 
2 5 4 SG 0.39 0.41 0.40 0.51 0.51 0.41 0.56 0.57 0.56 0.54 
2 5 4 TL 2.25 2.95 3.91 4.23 4.08 4.35 4.49 4.55 4.85 4.78 
2 5 5 SG 0.38 0.38 0.37 o. 39 0.48 0.52 0.53 0.58 0.63 0.65 0.51 
- 5 5 T' .L 2.09 2.51 2.89 3. 14 3.47 3.57 3.98 4: 11 4.20 4.36 4.79 
~ 2 1 SS 0.35 0.34 0.37 0.41 0.40 0.43 0.44 0.46 0.44 0.45 0. 49 
3 2 1 TL ~. 98 2.04 3.45 3.78 3 . 11 4.22 3.65 3.60 3.82 4.35 3.92 
3 2 2 SG 0.36 0.35 o. 39 0.48 0 .. 46 0.50 0.58 0.56 0.54 0.53 0.57 
3 2 2 TL 1. 95 2.63 3. 17 3.74 4. 12 4 .40 4.26 4.42 4.95 4.89 4.88 
3 2 3 SG 0.31 0.33 0.43 0.52 0.47 0.60 0.64 0.60 0.50 
3 2 3 TL 2.42 3.61 4. 19 4.34 4.58 4.98 4:88 4.80 4.76 
3 2 4 SG 0.39 0.40 0.45 0.52 0.53 0. 55 0.56 0.60 0.54 0.52 0. 58 
3 2 4 TL 1 .97 2.65 3.29 3.61 3.95 4.38 4.90 4.47 4.24 4.70 4. 18 
3 2 5 SG 0.33 0.33 0.32 0.42 0.51 0.45 0.60 0.65 
3 2 5 TL 2.00 2.39 3. 13 3.71 4.05 4.29 3.77 4.43 
3 3 1 SG 0.34 0.34 0.37 0.31 0.48 0.53 0.47 0.49 0.54 0.60 0.42 
3 3 1 TL 1. 82 1 . 78 1. 65 3.02 3.68 3. 12 3. 70 3.87 4.09 4.54 4.04 
3 3 2 SG 0.34 0.32 0.37 0.43 0.44 0.45 0.46 0. 45 0.43 0.47 0.48 
3 3 2 TL 1. 84 2.71 3.61 3.53 3.76 3.80 4.06 4.30 4.59 4.32 4.69" 
3 3 3 SG 0.34 0.37 0.39 0.41 0.48 0.50 0.55 0.60 0.59 0.57 0.53 
3 3 3 TL 1. 62 2. 14 3.50 3.81 4. 10 3.90 4.04 4.32 4.03 4.36 5.25 
3 3 4 SG 0.33 0.32 0. 36 0.44 0.48 0.57 0.55 0.47 0.64 0.57 0.50 
3 3 4 TL 1. 69 1 . 81 2 .44 2.97 3. 18 3.82 4. 18 4. 15 4.47 4.47 4.45 
3 3 5 SG 0.31 0. 39 0.34 0.41 0.40 0.42 0.43 0. 47 0.46 0.47 0.47 
3 3 5 TL 2.56 2.89 3.87 3.86 3.87 3.76 3.77 4. 15 4.48 4.76 
3 4 1 SG 0.39 0.34 0.35 0.46 0.46 0.45 0.46 0.50 0.46 0.46 0.46 
3 4 1 TL. 2.35 3. 10 3.66 3.86 4.50 4.38 4.35 4.29 4. 18 4.43 4.53 
_, 4 2 SG 0.44 o. 36 0.35 0.46 0.51 0.41 0.50 0.52 0.52 0.50 0.52 
3 4 2 TL 2.06 2.35 2.72 3.29 3: 13 3.72 3.84 4.09 3.81 3.55 4.24 
3 4 _, SG 0.33 0.28 0.32 0.50 0.48 0.50 0.54 0.56 0.48 0.58 0.51 
3 4 3 TL 2.49 3.Ll5 3.89 3.69 4.06 4. 19 LI. 53 4.47 4.56 5.02 4.71 
3 4 4 SG 0.33 0.39 0.32 0.43 0. 47 0. 37 0.51 0.54 
3 4 4 Tl 2.34 2.38 3. 11 3.83 3.93 4.09 4. 10 3.82 
3 4 5 SG 0.29 0.28 0.28 0.32 0.37 0.45 0.41 0.48 0. 50 0.44 
3 4 5 TL 2.23 3.31 3.77 4. 17 3.59 3.66 4.26 3.49 3.76 4.20 
3 5 SG 0.34 C.37 0.31 ·o.34 0.39 0.45 0 . .46 0.53 0.56 0.48 
3 5 TL 2.35 2.61 2.82 3.32 3.90 4.32 4.39 4.57 4.56 4.97 
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SPECIFIC GRAVITY AND IRA CHE ID LENGTH DATA 

F.:.M REP TREE CHAR AGE2 AGE4 AGE6 AGE8 AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AG:.22 

3 5 2 SG 0.35 0.35 0.33 0.41 0.48 0.41 0.54 0.57 0.48 0.48 0.54 
3 5 2 TL 2.05 2.53 2.95 3.02 3.79 4.20 3.70 3.70 4.44 4. 18 4.26 
3 5 3 SG 0.32 0.33 0.42 0.34 0.37 0.50 0.50 0.48 0.54 0.56 0.43 
3 5 3 TL 2,74 2.57 2.55 3.36 3.90 3.75 3.96 4.31 4.23 4.24 4.31 
3 5 4 SG o. 34 o.:3'3 0.40 0.43 0.49 o. 55 0.44 0.58 0.56 0.50 0.63 
3 5 4 TL 2.66 3.05 3.26 4.09 4.23 4.39 4.32 4.40 4.41 4.57 4.82 
3 5 5 SG 0. 33 0.34 0.35 0. 45 0.55 0.46 0.53 0.50 0.52 0.57 0.55 
3 5 5 TL 2.00 2.60 3.43 3.46 3.89 3.96 4.31 4.23 4.45 4.80 4.53 
4 2 SG 0.38 0.39 0.46 0.51 0.50 0.56 0.57 0.60 0.57 0.56 0.65 
4 2 1 TL 2.33 2.96 3. 13 3. 13 3.57 3.62 3.75 3.54 4.36 4.85 4.66 
4 2 2 SG 0.39 0.39 0.43 0.57 0.53 0.56 0.53 0.58 0.55 0.57 0.57 
4 2 2 TL 1 . 66 2.30 2.69 3.00 3.04 3.27 3.97 3.53 3.52 4.31 4.68 
4 2 3 SG 0.40 0.37 0' 41 0.51 0.57 0. 48 0.65 0.62 0.64 0.57 0.54 
4 2 3 TL 1 .62 2.36 3.09 2.83 3.32 3.70 3.47 4.01 4.31 4.81 4.37 
4 2 4 SG 0.38 0;40 0.40 0.54 0.54 0.52 0.63 0.63 0.6'1 0.60 - 2 4 TL 1 '68 2.06 3.07 3.53 3.63 3.72 3.80 4.36 3.80 4.51 
4 2 5 SG 0.42 0.39 0.50 0. 53 0.52 o. 5.5 0.60 0.63 0.59 0.70 
4 2 5 TL 1 . 65 2.64 2.67 3.75 3.52 3.35 3.96 4' 11 4.30 4.46 
4 3 SG 0.37 0.39 0.46 0.44 0.54 0.50 0.60 0.63 0.62 0.64 
..l 3 1 TL 2. 15 2.24 3.03 3' 16 3.80 3.73 4.88 4.28 5.42 4.81 
4 3 2 SG 0.41 0.39 0.37 0.41 0.55 0.51 0.51 0.64 0.56 
4 3 2 TL 1. 69 2.03 2.58 2.89 3.44 4.00 4. 19 3.89 4.54 
4 3 3 SG o. 38 0. 34 0.40 0.41 0.46 0.56 0.59 0.59 0.66 0.62 0 64 
4 3 3 TL 2. 10 2.59 2.54 3. 10 3.78 4. 18 3.70 3.95 4.34 4.83 4.90 
4 3 4 SG 0.39 0.42 0.45 0.58 0.62 0. 55 0.57 0.64 0.65 0.59 
4 3 4 TL 2.04 2.54 3.09 3.62 3.72 3.87 4.43 4.00 4.44 4.84 
4 3 5 SG 0.38 0.40 0.38 0.54 0.57 0.51 0. 57 0.60 0.34 0.54 0.59 
4 3 5 TL 2.26 2.37 3.17 3.70 3.58 4.60 4.52 4.58 4.72 4.32 4 72 
4 4 1 SG o. 37 0.41 0.39 0.53 0.57 0.49· 0.56 0.62 0.62 0.55 
.d 4 1 TL 3.01 2.66 2.83 2.88 2.97 3.43 3.42 4.59 4.76 5.06 
..; 4 2 SG 0.38 0.37 0.50 o. 52 0.47 0.58 0.62 0.60 0.52 0.64 
4 4 2 TL 2. 14 2.70 3.24 3.33 3.38 3.73 3.60 4. 17 4.21 4.61 
4 4 3 SG 0.42 0.41 0.41 0.44 0.51 0.56 0.53 0.66 0.60 0.60 
4 4 3 TL 2.29 2.50 2.55 3.21 3. 16 3.32 3.85 3.92 4. 10 3.93 
4 4 4 SG o. 36 0.33 o. 34 0.50 0.53 0.53 0.60 0.62 0.56 0.54 
4 4 4 TL 2.29 2.87 3.60 3.72 4. 14 4. 14 4.34 4.06 4. 13 4.43 
4 4 5 SG 0.40 0.45 0.53 0.60 0.60 o. 50 0.59 0.67 0.58 0.67 
4 4 5 TL 2.44 3.32 3.41 3.95 4.22 4.21 4.01 4.38 4.30 4.29 
4 5 1 SG 0.39 0.41 0.42 0.51 0.53 0.46 0.60 0.56 0.50 0.52 0.52 
4 5 1 TL 2. 16 2.79 3.03 3.61 3.61 3.32 3.62 3.79 3.74 4.65 4.50 
4 5 2 SG 0.42 0.43 0.34 0.39 0.43 0.49 0.39 0.53 0.60 0.54 0.57 
4 5 2 TL 1 .97 2.85 3.28 3.82 4.31 4.47 4.87 4.90 4.05 4' 15 4.58 
4 5 3 SG 0. 35 0.34 0.37 0.48 0.47 0.44 0.58 0.58 0.56 0.58 0.56 
4 5 3 TL 2. 19 2.98 3.32 3' 19 3.69 4.08 3.94 4. 16 4.65 4.76 4.75 
4 5 4 SG 0.40 0.42 0.44 0.54 0.54 0.55 0.65 0.67 0.54 0.57 0.57 
4 5 4 TL ·2.40 2.90 3.50 4.37 4.39 4.53 4.31 4.28 4.54 4.97 5.06 
4 5 5 SG 0.39 0.41 0.45 0.46 0.46 0.48 0.50 0.51 0.53 0:50 0.60 
4 5 5 TL 2.52 2.96 3.27 3.59 4 ' 1 1 4.01 4.07 4.36 4.48 5.10 
5 2 SG 0.39 0. 39 0.45 0.53 o. 58 0.57 0.58 0.55 0.56 0.57 
5 2 1 TL 2.02 2.75 3 .09 3.27 3.60 3.75 3.91 4.01 3.82 3.94 3.8:; 
5 2 2 SG 0.35 0.36 0.39 0 50 0.46 0.44 0.64 0.54 0.47 0.46 o . .<:6 
5 2 2 TL 1. 90 2.59 3.25 3.75 3.64 4.08 3. 64 . 4.00 4.56 4.73 4.50 
5 2 3 SG 0.35 0.34 0.36 C.50 0.44 C.40 0.53 0.56 0.48 0.58 0.60 
5 2 3 TL 1 .96 2.56 2.91 3.32 3.22 3.28 3.98 3.80 3.88 4.36 4. 10 
5 2 4 SG 0.39 o. 37 0.36 0.39 0.48 0.52 0.52 0.54 0.57 0.56 0. 46 
5 2 4 TL 1 '61 2.66 1.77 2.85 3.24 3.72 4.36 4.05 4' 19 3.86 4.29 



55 

SPECIFIC GRAVITY AND TRACHE ID LENGTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGE8 AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 

5 2 5 SG 0.38 0.35 0.39 0.53 0.51 0.49 0.48 0.54 0.53 0.49 0.53 
5 2 5 TL 1 . 75 2.64 2.77 3.33 3.50 3.52 3.22 3.87 5.06 3.63 3.56 
5 3 SG 0.40 0.44 0.50 0.54 0.62 0.67 0.58 0.59 0.51 
5 3 TL 2.61 3.05 3.47 3.69 4. 16 4.52 3.90 4.44 4.07 
5 3 2 SG 0.37 0.36 0.41 0.48 0.42 0.47 0.52 0.49 0.51 0.60 0.60 
5 3 2 TL 2.35 2.79 2.82 2.68 3.90 3.72 4.05 4.07 4. 17 3.41 3.96 
5 3 3 SG 0:42 0.45 0.38 0. 37 0.41 0.46 0.47 0.57 0.59 0.67 
5 3 3 TL 2. 13 1 . 74 2.68 3.58 3.96 3.78 4.36 4.22 4.51 4.72 
5 3 4 SG 0.35 0.33 0.37 0.33 0.32 0.40 0.50 0.46 0.63 0.56 
5 3 4 TL 1. 83 1. 78 2.20 2.50 2.88 2.98 3.80 4.04 3.80 4.68 
5 3 5 SG 0.39 0.40 0.44 0.53 0.47 0.54 0.55 0.57 0.55 0.60 0.53 
5 3 5 TL 2.39 2.84 3.79 3.66 3.99 3.83 4. 13 4.80 4.65 4.96 4.79 
5 4 1 SG 0.35 0.37 0. 32 0.43 0.51 0.47 0.56 0.56 0.50 0.53 
5 4 1 TL 2.67 2.74 2.98 3.64 3.51 4. 17 4. 19 4.61 4. 11 4.28 
5 4 2 SG 0.34 0.35 0.33 0.40 0.45 0.38 0.50 0.52 0.55 0.46 0.53 
5 4 2 TL 2. 18 2.58 3.26 3. 16 3.86 4.38 4.02 4.29 4.59 4.63 4.76 
5 4 3 SG 0.36 0.37 0.38 0.41 0.52 0.43 0.58 0.63 0.53 0.63 
5 4 3 TL 2.02 2.81 3.47 4.03 3.68 4.58 3.94 4.59 4.70 4. 18 
- 4 4 SG 0.40 0.34 0.34 0.42 0.48 0. 39 0.49 0.58 0. 49 0. 43 0.53 
5 4 4 TL 2. 12 3.07 3.55 3.82 4.28 4.63 4.67 4.72 4 .57 4.80 5.01 
5 4 5 SG 0.39 0.34 0.35 0.47 0.51 0.47 0.57 0.60 o. 48 0.54 0.58 
5 4 5 TL 2.00 3. 14 3.58 4.32 4. 18 4.52 4.60 4.46 4.61 4.93 4.68 
5 5 SG o. 34 0.38 0.35 0.41 0.50 0.50 0.51 0.51 0.49 0.51 
5 5 1 TL 2.40 2.74 3.51 3.71 4. 16 4.09 3.70 3.84 4.42 4.41 
5 5 2 SG 0. 34 0.38 0.35 0.47 0.53 0.48 0.56 o. 59 0.51 0.58 0.58 
5 5 2 TL 2.64 3.56 3.41 3.75 4. 15 3.91 4. 14 4.20 4.25 4.04 4.85 
5 5 3 SG 0.32 0.35 0.33 0.45 0.44 0.44 0.55 0.52 0.43 0.54 0.53 
5 5 3 TL 2.52 3.39 3.44 3.96 4.68 4.31 4.56 4.49 5. 12 5. 19 5.20 
5 5 4 SG 0.33 0.34 0.32 0.41 0.38 0.46 0.49 0.58 0.49 0.46 0.50 
5 5 4 TL 2.57 2.93 3.67 4.28 3.94 3.73 4. 16 4.57 4.78 4.93 4.77 
5 5 5 SG 0.35 0.36 0.36 0.40 0.44 0.50 0.51 0.59 0.51 0.49 
5 5 5 TL 2. 19 2.89 3.65 3.87 3.67 4.39 3.84 4.56 4.58 4.58 
6 2 1 SG 0.38 0.40 0.37 0.38 0.53 0.47 0.49 0.57 0.58 0.51 0.55 
6 2 1 TL 1. 80 2. 14 2.24 2.85 3.55 3.55 3.97 3.73 4. 13 4. 15 4.74 
6 2 2 SG 0.39 0.36 0. 39 0.51 0.45 0.57 0. 56 0.59 0.52 0.60 0.52 
6 2 2 TL 2.51 3.04 2.82 3.04 3.51 3.60 3.64 3.64 3.52 3.91 4.04 
6 2 3 SG 0.31 0.42 0.45 0.39 0.50 0.46 0.45 0.60 0.57 0.53 0.46 
6 2 3 TL 2.42 2. 10 2.80 3. 18 3.91 3.94 4.78 4.76 5.33 5.24 5.63 
6 2 4 SG 0.44 0.36 o. 39 0.46 0.51 0.50 0.52 0.63 0.61 0.61 0.55 
6 2 4 TL 2. 10 2.88 2.78 3.22 4. 12 3.96 3.93 4.28 4.22 4.35 4.26 
6 2 5 SG 0.33 0.34 0.33 0. 36 0.54 0.52 0.51 0.61 0.55 0.56 0.55 
6 2 5 TL 2. 12 2.56 2.72 4.06 4. 10 4. 18 4.44 4.50 4.58 4.42 4. 10 
6 3 SG o. 38 0.37 0.36 0.42 0.60 0.53 0.60 0.63 0.60 0.56 0.57 
6 3 TL 2.07 2.39 3.08 3.69 4.27 4.47 4.73 4.93 4.75 5. 10 5.25 
6 3 2 SG 0.36 0.36 0.35 0.49 0.56 0.49 0.56 0.57 0.53 0.44 o. 50 
6 3 2 TL 1. 97 2.41 2.97 3. ·12 3.53 3.67 4. 13 4.35 4.40 5.00 4.50 
6 3 3 SG 0.36 0. 35 0.41 0.48 0.53 0.50 0.55 0.53 0.54 0.48 0.51 
6 3 3 TL 2.06 2.67 3.37 3.28 3.31 3.81 3.63 4.30 4.38 4.76 4.65 
6 3 4 SG 0.39 0.36 0.38 0.45 0.49 0.43 0.53 0.55 0.49 0.52 0.48 
6 3 4 TL 2.06 2.29 2.91 3.41 3.80 3.93 4.48 4.59 4.72 4.58 4.42 
6 3 5 SG 0.35 0.39 0.46 0.57 0.56 0.63 0.61 0.69 0.55 
6 3 5 TL 2. 14 2.80 3.26 3.68 3.67 4. 14 4.41 4.50 4.84 
6 4 SG 0.41 0.42 0.41 0.47 0.49 0.44 0.48 0.63 0.51 0.41 
6 4 1 TL 2.29 2.87 3.44 3.81 4.34 4.22 4.33 4.37 4.22 4.00 
6 4 2 SG 0.39 0.34 0.33 0.53 0.48 0.50 0.56 0.59 0.52 
6 4 2 TL 3.03 3.46 4. 16 4.29 4.37 4. 12 4.40 4.63 4.75 
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SPECIFIC GRAVITY AND TRACHEID LENGTH. DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGES AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGC:22 

6 4 3 SG 0.37 0.35 0.37 0.44 0.48 0.47 0.57 0.61 0.62 0.51 
6 4 3 TL 2.27 3.36 3. 12 3.64 3.49 4.22 3.81 4.52 3.70 4.42 
6 4 4 SG 0.37 0.35. 0.42 0.52 0.49 0.52 0.61 0.56 0.63 0.58 
6 4 4 .TL 2.55 2.94 2.89 3.22 3.39 3.31 3.43 3.84 4. 14 4.07 
6 4 5 SG 0.42 o. 39 0.44 0.41 0.44 0.48 0.51 0.49 0.45 0.56 
6 4 5 TL 2.62 2.81 3.23 3.52 4.02 4.39 4. 14 4.57 4.79 4.40 
6 5 1 SG 0.37 0.39 0.36 0.44 o. 54 0.46 o. 56 0.55 0.54 0.50 0. 56 
6 5 1 TL 2.32 3.05 4. 12 4.09 4.33 4.56 4.50 4.72 4.78 4.92 4.77 
6 5 2 SG 0. 34 0.29 0.33 0.45 0.48 0.50 0.54 0.54 0.47 0.52 0.55 
6 5 2 TL 2.50 3.71 3.87 4.41 4.46 4.27 4.66 4.98 4.53 4.83 5. 10 
6 5 3 SG 0. 33 0.35 o·. 35 0.43 0.48 0.46 0.46 0.53 0.45 0.52 0.53 
6 5 3 TL 2.41 3. 12 3.78 3.90 4.50 4.48 4.37 4.49 4.89 5.43 5.10 
6 5 4 SG 0.35 0.36 0.37 0.44 0.48 0.51 0.55 0.55 0.47 0.57 0.60 
6 5 4 TL 1 .99 2.90 3. 16 3.70 3.78 3.65 3.94 3.96 4.09 4.59 4.60 
6 5 5 SG 0. 36 0. 35 o. 36 0.45 0.42 0.43 0.43 0.47 0.43 0.46 0.51 
6 5 5 TL 2. 16 2.79 3.71 4. 11 4.04 4.29 3.47 4.04 4.47 5. 11 4.45 
7 2 1 SG 0. 34 0.32 0.37 0.45 0.43 0.48 0.49 0.49 0.46 0.48 
7 2 1 TL 2.07 2.89 2.80 3.80 3.62 3.30 4.29 4. 17 4. 19 3.71 
7 2 2 SG 0. 34 0.31 0.35 0.40 0.38 0.46 0:56 0.53 0.49 
7 .;. 2 TL 1. 93 2.66 3.47 4.08 3.24 3.80 4.57 4.05 3.94 
7 2 3 SG 0.40 0.37 0.40 0.52 0.48 0.46 0.69 0.60 
7 2 3 TL 1 .98 2.39 2.79 3.10 3 .40 3.40 4.23 4.21 
7 2 4 SG 0.35 0.35 0.34 0.49 0.47 0.41 0.54 0.67 0.57 0.52 
7 2 4 TL 2. 15 3.33 3.95 4.20 4.48 4.99 5.35 5.40 5.22 5.25 
7 2 5 SG 0.32 0.31 0.46 0.46 0.43 0.46 0.54 0.46 0.49 0.49 
7 2 5 TL 2.58 2.77 3.07 3. 14 4.03 4.02 4.22 4.26 3.86 4.31 
7 3 SG 0.32 0.34 0.34 0.49 0.52 0.50 0.53 0.52 0.57 0.53 0.62 
7 3 T' .L 1 .48 2.61 3.30 3.37 4.33 4.26 4.21 4.70 4.36 4.66 4.69 
7 3 2 SG 0.38 0:32 0.30 0.33 0.51 0.54 0.41 0.55 o. 56 0.54 
7 3 2 n. 1. 46 2.64 2.42 3 .62· 3:9a 4.60 4.07 5.03 4 .. 24 4.95 
7 3 3 SG 0.37 0.37 0.31 0.33 0:34 0.35 0.46 0.42 0.45 0.55 0.54 
7 3 3 TL 1.68 1. 84 1.92 1. 83 2.86 3.31 3.29 4. 17 4.22 4.86 4.58 
7 3 4 SG 0.33 0.39 0.40 0.51 0.55 0.49 0.60 0.62 0.55 0.50 
7 3 4 TL 2. 11 2.54 3.23 3.45 3.90 3.54 3.59 4.22 4.61 4.90 
7 3 5 SG 0.32 0.34 0.36 0.43 0.44 0.45 0.48 0.49 0.46 0.41 
7 3 5 TL 2. 12 2.73 3.59 3.61 4. 15 4.49 4.76 4.34 4.69 4.49 
7 4 1 SG 0.32 0.36 0.33 0.41 0.42 0.39 0.44 0.49 0.46 0.44 0.46 
7 4 1 TL 2.58 3. 19 3.56 3.57 3.34 4. 11 3.89 4. 17 4.22 4.29 4.96 
7 4 2 SG 0.36 0.32 0.31 0.44 0.49 0.44 0.54 0.58 0.48 0.51 
7 4 2 TL 2.43 2.79 3.22 3.55 3.24 3.66 3.71 4.42 4.32 4.68 
7 4 3 SG 0.34 0.36 0.32 0.42 0.41 0.42 0.46 0.45 0.41 0.49 0.41 
7 4 3 TL 2.62 3.44 3.61 3.90 3.75 3.83 4. 11 4.08 4.46 4.91 5.02 
7 4 5 SG 0.33 0.38 0.37 0.31 0.49 0.45 0.47 0.55 0.51 0.48 0.52 
7 4 5 TL 2. 11 2.86 3.54 4.01 4.25 4.49 4.30 4.47 4.32 4.50 4.64 
7 5 SG 0.34 0.35 0.34 0.39 o. 39 0.42 0.51 0.58 0.51 0.51 0.54 
7 5 1 TL 2.64 3.20 3.67 3.78 3.07 3.64 3.83 3.32 3.53 4. 11 4.61 
7 5 2 SG 0. 36 0.33 0.34 0.36 0.42 0. 39 0.47 0.45 0.45 0.49 0.50 
7 5 2 TL 2.60 3.63 4.43 4.53 4.47 4. 13 4. 13 4.50 4.28 4.65 5.02 
7 5 3 SG 0.37 0.37 0.37 0.46 0.50 0.43 0.51 0.57 0.49 0.55 0. 59 
7 5 3 TL 2.59 3.36 3.47 3.76 3.88 3.86 4.08 4.24 4.33 4.45 4.66 
7 ,, 4 SG 0.39 0.36 0.35 0.43 0.47 0.45 0.51 0.54 0.49 0.49 0.53 
7 5 4 TL 2.66 3.34 3.36 3.78 3.54 3.78 4. 17 4.36 4.00 4. 16 4.47 
7 5 5 SG 0.30 0.33 0.35 0.42 0.62 0.42 0.46 0.49 0.53 0.47 0.60 
7 5 :; TL 2. 17 3. 13 3.90 4. 17 4.28 4.27 4.31 4.88 4.94 5. 11 5.56 
8 2 1 SG 0.41 0.39 0.41 0.40 0.47 0.50 0.47 0.51 0.49 0.43 0.48 
8 2 1 TL 1. 66 1. 79 2.21 2.72 3.32 3.64 3.52 3.75 3.77 3.67 4.24 
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SPECIFIC GRAV:TY AND TRACHEID LENGTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGES AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 

8 2 2 SG 0.38 0.31 0.37 0.44 0.42 0.47 0.50 o. 50 0.48 0.52 0.46 
8 2 2 TL 2.46 2.67 2.88 3.22 3.52 3.90 3.91 4.27 4.54 4.93 5.01 
8 2 ·3 SG o. 38 0.37 0.31 0.31 0.41 0.39 0.60 0.51 0.53 0.44 0.44 
8 2 3 TL 1. 65 2.08 3. 19 2.82 3.58 4. 18 4.21 4.39 4.58 4.64 4.62 
8 2 4 SG 0.34 0.34 0.36 0.31 0.33 0.30 0.31 0.40 0.42 0.38 
8 2 4 TL 1. 64 1. 89 1. 68 1 . 73 2.26 2.94 2.83 3.03 3.36 3.21 
8 2 5 SG 0.37 0.28 0.47 0.34 0.33 0.46 0.57 0.42 0.67 0. 70 0.69 
8 2 5 TL 1 .80 2.04 2.02 2.41 2.79 3.39 3.81 3.70 3.98 3.72 4.03 
8 3 SG 0.36 0.36 0.45 0.48 0.48 0.50 0.52 0.51 0.47 0.47 0.45 
8 3 1 TL 1. 98 2.86 3.20 3.39 3.80 3.96 4.70 4.68 4.51 5. 12 4.68 
8 3 2 SG 0.37 0.31 0.37 0.47 0.45 0.49 0.51 0.62 0.56 0.54 0.62 
8 3 2 TL 2. 18 2.85 2.53 3.01 3.78 4.00 4 .. 22 4.23 4.54 4.59 5.03 
8 3 3 SG 0. 33 0.31 0 41 0.46 0.39 0.40 0.48 0.56 0.46 0.45 
8 3 3 TL 2.30 2.82 2.85 3.83 4. 12 4. 12 4.38 4.73 4.75 5.09 
8 3 4 SG 0.34 0.34 0.32 0.44 0.50 0.39 0.36 0.49 0.51 0.48 0. 55 
8 3 4 7L 1. 73 2. 19 2.56 2.82 2.67 3.09 3.74 4.05 3.80 4.62 
8 3 5 SG 0.36 0.38 0.40 0.43 0.47 0.47 0.54 0.51 0.54 0.53 0.57 
8 3 5 TL 1. 66 2.30 2.63 3.40 3.39 3.51 3.90 4.56 4. 19 4.36 4.46 
8 4 SG 0.35 0. 33 0. 33 0.42 0.44 0.45 0.49 0.54 0.53 0.46 0.53 
8 4 1 TL 2.33 2.95 3.44 2.89 4. 15 4.04 4.35 4.35 4.05 4. 77 4.6~ 

8 4 2· SG 0.36 o. 33 0.27 0.47 0.51 0.46 0.49 0.54 0.52 0.59 
8 4 2 TL 2.99 3.49 3.52 3.82 3.77 4. 10 4. 11 4.31 4.66 4.37 
8 4 3 SG 0.35 0.35 o. 35 0.33 0.40 0.45 0.47 0.51 0.60 0. 46 0.52 
8 4 3 TL 2 .05. 2.40 2.60 3.06 3.21 3.70 3.87 4.22 4.24 4.62 3.95 
8 4 4 SG 0.38 0.37 0.35 0.36 0.49 0.56 0.53 0.60 0.58 0.51 0.53 
8 4 4 TL 2.40 2.98 3.34 3.76 3.79 5.08 4.28 4. 13 4.57 4.44 5. 10 
8 4 5 SG 0.41 0.37 0.34 0.46 0.40 0.43 0.46 0.56 0.41 0.44 
8 4 5 TL 1. 75 2.48 2.58 3.63 3.78 3.95 3. 70 4.70 4.64 4.85 
8 5 SG 0.34 o. 32 0.32 0.40 0.49 0.43 0.50 0.55 0.43 0.51 0.47 
8 5 TL 2.39 2.93 3.05 3.44 4. 10 4. 15 4.31 4.78 4.37 4. 14 3.94 
8 5 2 SG 0.37 0.36 0.34 0.46 0.48 0.38 0.56 0.58 0.45 0.51 0.53 
8 5 2 TL 2.30 3. 19 3.71 3.85 3.85 4.60 4.88 5. 10 5. 15 4.75 4.68 
8 5 3 SG 0.35 0.33 0.36 0.47 0.44 0.45 0.52 0.53 0.50 0.51 0.47 
8 5 3 TL 2. 13 2.87 2.99 3.74 4.33 4.59 4.92 4.98 4.80 4.87 4.66 
8 5 4 SG 0.34 0.36 0.38 0.43 0.52 0.52 0.54 0.57 0.53 0.56 
8 5 4 TL 2.27 2.73 3.57 3.94 4. 18 4. 16 4.50 4.80 4.84 5 .06 
8 5 5 SG 0.36 0.35 0. 36 0.49 0.50 0.47 0.54 0.58 0.52 0.57 0. 58 
8 5 5 TL 2.20 3 .04 3.31 3.89 4. 13 4.41 4.64 4.91 5.08 4.82 5.24 
9 2 SG 0.39 0.39 0.35 o. 39 0.56 0.52 0.56 0.65 0.62 0.58 0. 57 
9 2 TL 1.85 1 .80 2.73 2.93 3.51 3.86 4.00 4. 16 4.31 4.58 4.52 
9 2 2 SG 0.43 0.35 0.44 0.57 0.56 0.54 0.61 0.61 0.63 0.54 0.56 
9 2 2 TL 1. 87 2.47 3.01 3.20 3.41 3.43 3.90 3.89 4.37 4.24 4.28 
9 2 3 SG 0.36 0.35 0. 33 0.51 0.41 0.45 0.57 0.58 o. 54 0.58 0.55 
9 2 3 TL 2.33 2.86 3.37 3.66 3.70 3.75 3.83 3.77 4.05 4.26 4.03 
9 2 4 SG o. 38 o. 37 0.33 0.37 0.47 0.46 0.53 0.58 0.53 0.52 0.45 
9 2 4 TL 1. 53 2.07 3.33 3.67 3.78 4.23 4. 16 4.25 4.60 4.51 4.80 
9 2 5 SG 0.38 0.40 0.40 0.44 0.58 0.56 0.58 0.59 0.60 0.55 0.55 
9 2 5 TL 2. 13 2.20 2. 70 2.89 3.76 3.80 4. 17 4.34 4.09 4.53 4.56 
9 3 SG 0.40 0.40 o. 47 0.54 0.51 0.51 0.57 0.63 0.58 o. 60 0.57 
9 3 1 IL 1. 90 2.92 3.60 3.73 3.53 4.43 4.45 4.37 4.60 5.24 4.34 
9 3 2 SG o. 38 0.39 0.40 0.54 0.54 0.54 0.56 0.63 0.61 0.58 0.59 
9 3 2 TL 1 . 94 2.62 3.52 3.29 3. 14 3.78 3.71 3.67 4.04 4.37 
9 3 3 SG 0.36 0.36 0.38 0.53 0.56 0.52 0.58 0.63 0.64 0.55 0.56 
9 3 3 TL 2.37 3.06 3.38 3.64 3.59 4.oo 3.70 4.45 4.80 4.80 4.40 
9 3 4 SG 0.37 0.34 0.40 0.35 0.37 0.58 0.58 0.59 0.64 0.67 0 62 
9 ,, 4 TL 1. 98 1 .80 1. 97 2.60 2.98 3. 10 3. 10 4. 10 4.30 4.03 4.41 
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SPECIFIC GRAVITY AND fRACHE ID LENG-:-H DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGES AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 

9 3 5 SG o. 38 0.38 0.46 0.53 0.53 0.63 0.56 0.66 0.61 0.62 0.62 
9 3 5 TL 1. 59 2.95 2.64 3.81 4.45 3.82 3.91 3.78 3.74 4.54 4.63 
9 4 1 SG 0.42 0.43 0.42 0.40 0.60 0.60 0.52 0.59 0.62 0.54 0.53 
9 4 1 TL 2. 10 2.85 3.25 3.42 3.40 3.87 3.87 3.81 3.77 3. 77 3.98 
9 4 2 SG 0.40 0.38 0.37 0.49 0.54 0.45" 0.50 0.54 0.54 0.45 0.53 
9 4 2 TL 2.43 3. 19 3.51 3.74 3.82 3.93 4.00 4. 10 4.22 4.96 4.99 
9 4 3 SG 0.41 0.34 0.44 0.44 0.38 0.47 0.50 0.47 0.39 0.52 
9 4 3 TL 2.55 3.36 3.93 3.61 3.46 4. 18 3.86 3.59 4.40 4.28 
9 4 4 SG 0.36 0.34 0.36 0.47 0.53 0.49 0.56 0.60 0.51 0.44 
9 4 4 TL 2.68 3. 19 3.81 3.87 4.52 4.01 4. 17 4.39 4.05 4.43 
9 4 5 SG 0.45 0.40 0.40 0.50 0.47 0.49 0.54 o. 55 0.50 0.45 0.53 
9 4 5 TL 2. 13 3.08 3.22 3.82 3.64 4.05 4.04 4.27 4.62 4.65 4.49 
9 5 SG 0.38 0.34 0.41 0.43 0.47 0.45 0.54 0.54 0.43 0.60 0.57 
9 5 1 TL 3.21 3.30 3.77 4. 11 4.20 4.36 4.48 4.57 4.68 4.82 4.66 
9 5 2 SG 0.40 0.37 0.37 0.52 0.54 0.41 0.58 0.63 0.57 0.48 0.49 
9 5 2 TL 2.93 3. 18 3.83 4.22 4. 17 4.43 4.64 4.80 4.78 4.96 4.80 
9 5 3 SG 0 .. 37 0.36 0.36 0.51 0.49 0.46 0.53 0.59 0.52 0.51 0. 47 
9 5 3 TL 2.76 3. 14 3.85 4. 17 4.63 4.47 4.69 4.68 4.78 4.69 4.78 
9 5 4 SG 0.37 0.33 0.35 0.49 0.47 0.48 0.56 o. 54 0.53 0.53 0. 45 
9 5 4 TL 2.97 2.90 4.31 3.82 4.22 4.33 4.24 4.46 4.40 4.74 4 . ., 1 
9 5 5 SG o. 36 0.32 0.34 0.44 0.46 0.42 0.44 0.48 0.39 0.48 
9 5 5 TL 2.39 3.36 3.63 3.67 4.37 4.41 3.95 4. 12 4.63 4.82 

rn 2 1 SG 0.28 0.31 0.36 0.44 o. 39 0.51 ·o.4s 0.50 0.46 0.43 0.43 
10 2 1 TL 2. 13 3. 12 3.48 4. 14 4.20 4.48 4.37 4. 19 4.21 4.51 4.72 
10 2 2 SG 0. 35 0.33 0.36 0. 45 0.43 0.47 0.46 0.54 0.43 0.48 0.58 
10 2 2 TL 2.0~ 3. 14 3.44 3.89 4.01 4.20 4.05 4.36 4.34 5.08 4.87 
1 ·'.l 2 3 SG o. 3'2 0.33 0.37 0.40 0.38 0.45 0.46 0.50 0.41 0.43 0. 47 
10 2 3 TL 2.07 3. 14 3.28 4.05 4. 11 4.39 4.67 4.80 5. 19 5.34 5.08 
10 2 4 SG 0.32 0.31 0.42 0.49 0.49 0.52 0.54 0.54 0.47 0.51 0.43 
10 2 4 TL 2.25 3. 13 3.58 4.04 5.54 4.60 4.23 4.68 4.78 4.78 4.76 
10 2 5 SG 0.31 0.29 0.41 0.49 0.47 0.56 0.62 0.60 0.57 0.56 0.49 
10 2 5 TL 2.36 3.02 3.57 3.95 4.27 3.64 3.53 4. 16 4.44 4.31 4.45 
10 3 1 SG 0.30 0.36 0.41 0.42 0.42 0.49 0.51 0.55 0.50 0.50 0. 45 
10 3 1 TL 2. 14 2.51 3.58 3.68 3.83 4.41 4.55 4.65 5 . 1 1 5.03 4.52 
1C 3 2 SG 0.36 0.34 o. 32 0.51 0.58 0.52 0.60 0.65 0.50 0.50 0.53 
10 3 2 TL 2.35 3.33 4.48 3. 18 3.77 3.97 4.39 4. 17 4.81 4.64 4.88 
10 3 3 SG 0.32 0.30 0.39 0.49 0.45 0.45 0.51 0.62 0.51 0.51 o. 45 
10 3 3 TL 2.88 3.65 3.25 4. 14 3.78 4.44 4.46 4.84 4.69 4.75 5.09 
10 3 4 SG 0.34 0.33 0.44 0.43 0.54 0.50 0.50 0. 54 0.48 0.50 0.49 
10 3 4 TL 2.24 3.01 2.90 3.87 4. 15 4.71 4.56 4.64 4.54 4.99 5.26 
10 3 5 SG 0.33 0.37 0.43 0. 46 0.47 0.52 0.47 0.51 0.51 0.60 
10 3 5 TL 2.69 3.58 3.76 3.99 4.23 4.21 4.25 4.36 4.51 4.78 
10 4 1 SG 0.34 ·0.33 o. 36 0.42 0.46 0.54 0.57 0. 54 0.46 0.58 0.51 
10 4 1 TL 2.34 2.79 3.59 4.01 4.32 3.98 4.37 4.27 4.46 4.99 4.74 
10 4 2 SG o. 38 0.33 0.33 0.50 0.46 0.56 0.61 0.59· 0.59 0.60 
10 4 2 TL 2.01 2.44 3.29 3. 16 3.45 3.50 3.99 3.33 4.02 4.39 
10 4 3 SG 0.41 o. 33 0.32 0.40 0.41 0.43 0.44 0.49 0.48 0.49 
10 4 3 TL 2.52 3.32 3.67 3.97 4.22 4. 19 3.97 4.26 4.49 4.50 
10 4 4 SG 0.36 0.33 0.35 0.47 0.44 0.54 0.52 0.55 0.48 0.58 0.53 
10 4 4 TL 2.35 2.51 3.28 3 .A9 4.03 3.82 3.76 3.95 4.94 4 . 1 1 4.02 
10 4 5 SG 0.34 0.33 0.33 0.45 0.39 0.51 0.51 0.61 0.51 0.46 
10 4 5 TL 2.03 3.02 3.96 3.55 4.01 3.88 3.82 3.96 3.78 4.26 
10 5 SG 0.32 0.32 0.31 0.44 0.43 0.41 0.48 0.49 0.41 0.47 
10 5 1 TL 2.30 3.07 3.44 3.81 3.49 4. 17 4.22 4.70 4.76 4.60 
10 5 2 SG 0.37 0.32 0.36 0.43 0.46 0.44 0.51 0.54 0.55 0.50 
10 5 2 TL 2.66 3. 15 3.62 3.98 4. 10 4. 14 4.22 4.48 4.75 4.57 
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SPECIFIC GRAVITY AND TRACHEID LE~GTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGEB AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 
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2 
3 
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5 

2 
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4 
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1 

2 
2 
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4 
4 
5 
5 

2 
2 
3 
3 
4 
4 

5 
1 
1 
2 
2 
3 
3 
4 

4 
5 
5 

SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 
SG 
TL 

0.35 0.31 0.30 0.38 0.41 
1.94 2.84 3.574.19 4.04 
0.37 0.34 0.33 0.48 0.51 
2.53 3.64 4.20 4.65 4.76 
0.31 0.30 0.32 0.36 0.37 
2.76 3.23 3.73 4. 14 4.19 
0.39 0.36 0.45 0.56 0.54 
1 .90 2.83 3.54 4.~5 4.34 
0.38 0.31 0.32 0.49 0.57 
1 .74 2.68 2.56 3.52 4.02 
0.36 0.34 0.44 0.51 0.43 
2.50 2.84 3.66 4.14 4.59 
0.38 0.34 0.49 0.52 0.60 
2.22 2.85 3.90 3.85 4.44 
0.37 0.37 0.46 0.48 0.51 
1 .94 2.67 3.27 3.31 3.43 
0 33 0.34 0.40 0.47 0.47 
2.23 2.93 3.77 4.01 3.86 
0.36 0.37 0.36 0.51 0.52 
2. 10 2.76 3. 18 3.69 3.66 
0.33 0.32 0.43 0.50 0.48 
2.43 3.03 3.96 4.38 4.67 
0.38 0.44 0.54 0.62 0.60 
2. 14 2.96 3.70 3.72 3.77 
0.35 0.36 0.44 0.52 .0.52 
1.92 3.02 3.65 4.03 3.99 
0.34 0.38 0.43 0.48 0.49 
2.753.11 3.43 3.77 4.09 
0.34 0.38 0.35 0.43 0.52 
2.32 2.85 3.61 3.72 3.90 
0.35 0.32 0.30 0.39 0.47 
1 .92 2.97 3.46 3.51 4.07 
0.31 0.27 0.33 0.47 0.50 
2.15 2.28 2.583.13 3.44 
0.37 0.38 0.37 0.50 0.53 
3.02 3.44 3.52 3.71 3.82 
0.33 0.35 0.34 0.40 0.44 
2.60 3.00 3.72 3.52 4.28 
0.36 0.41 0.34 0.37 0.48 
2. 14 2.80 3.72 3.52 3.87 
0.35 0.37 0.37 0.54 0.49 
2. 16 2.66 3.1i 3.81 4.32 
0.37 0.37 0.38 0.36 0.52 
1.74 2.48 2.60 2.62 2.91 
0.39 0.41 0.41 0.48 0.49 
2. 10 2.783.13 3.66 4.02 
0.31 0.34 0.34 0.44 0.48 
2.23 2.553.14 3.334.11 
0.35 0.34 0.44 0.50 0.48 
2.56 3.26 3.08 4.02 4.33 
0.34 0.32 0.34 0.42 0.51 
1.78 2.54 3.02 3.84 3.31 
0.36 0.34 0.46 0.49 0.47 
2.44 3.43 3.49 4.02 4.67 
0.33 0.33 0.32 0.34 0.45 
2.24 3.00 3.07 3.60 4.10 

0.37 
4. 17 
0.40 
4.82 
0.38 
4.64 
0.59 
4.78 
0.35 
4.07 
0.56 
4.28 
0.48 
4.53 
0.54 
3.90 
0.53 
4.52 
0.54 
4.06 
0.54 
4.78 
0.59 
4.21 
0.62 
4.50 
0.51 
4. 15 
0.44 

0.43 
3.98 
0.47 
4.00 
0.51 
4. 12 
0.46 
4.41 
0.59 
4.23 
0.45 
3.73 
0.55 
4.04 
0.45 
4.00 
0.44 
3.68 
0.51 
3.86 
0.34 
3.62 
0.49 
4.46 
0.45 
4.25 

0.42 
4.06 
0.52 
4.81 
0.40 
4.82 
0.54 
4.59 
0.60 
4. 16 
0.60 
4.61 
0.59 
4.35 
0. 53 
4.30 
0.53 
4.56 
0.62 
3.83 
0.57 
4.55 
0.71 
4.58 
0.62 
4.03 
0.53 
4.20 
0.50 
4. 13 
0.52 
4. 15 
0.56 
4.56 
0.52 
4. 10 
0.47 
4.46 
0.50 
4.24 
0.54 
3.87 
0.47 
4.03 
0.47 
4.05 
0.54 
4.38 
0.50 
3.82 
0.54 
3.63 
0.56 
4.07 
0.45 
4.24 

0.48 
4. 11 
0.58 
5.24 
0.44 
4.93 
0.57 
4.44 

0.60 
4.88 
0.54 
4.43 
0.65 
4.51 
0.54 
4.24 

0.67 
4.24 
0.61 
4.71 
0.53 
4.51 
0.62 
4. 16 
o. 52 
4.22 
0.58 
4.47 
0. 54 
4.22 
0.55 
4.56 
0.64 
4.35 
0.58 
4.07 
0. 54 
4.09 
0.53 
4. 14 
0. 54 
4.83 
0.54 
3.89 
0. 59 
3.80 
0.60 
4.77 
0. 54 
4.21 

0.45 
4.29 
0.48 
5. 10 
0.40 
4.97 
0.55 
4.79 

0.54 
4.85 
0.52 
4.44 
0.61 
4.70 
0.50 
4.65 

0.71 
4.55 
0.59 
4. 13 
0.45 
4.26 
0.53 
4.60 
0.48 
4.31 
0. 48 
4.78 
0.52 
4.63 
0.56 
4.54 
0.60 
4.60 
0.51 
4.27 
0.54 
4.22 
0.52 
4.42 
0.62 
4.97 
0.55 
4.06 
0.55 
3.29 
0.48 
4.75 
0.53 

0.45 
4.58 
0.53 
5. 10 
0.46 
5. 12 
0.53 
5.26 

0.64 
4.94 
0.53 
4.64 
0.52 
4.85 
0. 52 
4.58 

0.68 
5. 12 
0.59 
4.61 
0.54 
4.33 
0.60 
4.60 
0.47 
4.70 
0.53 
4.56 
0.49 
4.37 
0.50 
4.62 
0.62 
4.53 

o. 56 
4.29 
0.46 
4.93 
0.59 
4.96 
0.58 
4. 17 
0.51 
4.82 
0.45 
4.70 
0.44 
4.84 

0.55 
4.79 
0.46 
5.28 
0.45 
5.03 
0. 57 
5.27 

0.60 
4.89 
0.69 
4.43 
0.53 
4.50 
0.49 
4.76 

0.58 
4.36 

0.54 
4.38 

0.53 
4. 19 
0.60 
4.74 

0.52 
4.52 
0. 56 
4.42 
0.61 

0.45 
3.99 
0.54 
4.63 
0.46 
4.60 
0.48 
5.08 
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::iPECIFIC GRAVITY AND TRACHEID LENGTH DATf\ 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGES AGE 10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 

12 3 SG 0.41 0.41 0.42 0.48 0.52 0. 51· 0.56 0.56 0.53 0.51 0.53 
12 3 1 TL 1 . 7 1 3.30 3.98 3.72 3.65 3.81 4. 15 3.40 4. 12 4.39 4.76 
12 ..> 2 SG 0.34 0.33 0.36 0.33 0.43 0. 43 0.46 0.47 0.52 0.48 0.41 
12 3 ~ TL 2.23 2.44 2.45 3.23 3.57 3.50 3.88 4.03 4.05 4.41 4.43 .:. 

12 3 3 SG 0.33 0.40 0.34 0.30 0.49 0.45 0.45 0.44 0.52 0.55 0.49 
12 3 3 TL 2.03 1. 97 2.41 3.73 3. 71. 4.09 4.58 4.90 4.81 5.05 4.83 
~2 3 4 SG 0.30 0. 36 0.38 0.43 0.51 0.56 o. 55 0.54 0.55 0.53 0.57 
12 3 4 TL 1 . 94 3.24 3.35 3.92 4.30 4.28 3.97 4.06 3.99 4. 16 4.37 
12 3 5 SG 0.33 0.33 o. 35 0.54 0.51 0.50 0.51 0.62 0.59 0.53 C.5G 
'12 3 5 TL 1. 89 3.08 3.67 4. 15 4.22 5.06 4.99 4.70 5.22 4.77 
12 4 SG 0.33 0.35 0.34 0.42 0.42 0.43 0.50 0.56 0.53 0.53 
12 4 1 TL 2.60 3. 16 3.24 4.00 4.23 4.31 4.74 5.29 5.81 5.49 
~2 4 2 SG 0.37 0.35 0.37 0.53 0.51 0.58 0.60 
12 4 2 TL 2. 19 3. 19 3.33 3.91 3.73 4.40 4.32 
12 4 3 SG 0.29 0.31 0.28 0.29 0.54 0.37 0.45 0.56 0.51 0.46 0.57 
12 4 3 TL 2. 17 2.73 3.3:; 3.35 4.48 3.94 4.02 4.27 4.49 4.26 4.76 
12 4 4 SG 0. 3.1 0.35 0.35 0.46 0.44 0.43 0.49 0.52 0.47 0.43 0.57 
12 4 4 TL 2.91 3.25 3.25 3.32 3.53 3.78 3.52 3.70 3.52 4.07 4.32 
12 4 5 SG 0.33 0.36 0.39 0.43 0.43 0.42 0.43 0.44 0.40 0.49 0.4::· 
-:2 4 5 TL 2.69 3.59 4.00 4.64 4.65 4.49 3.84 4.29 4.52 4.91 5.07 
12 5 SG 0.36 0.32 0.33 0.40 0.47 0.39 0.43 0.47 0.43 0.38 0.50 
~2 5 TL 2.31 2.88 3.21 3.67 3.81 4.33 3.94 3.85 4.31 4.65 5.04 
12 5 2 SG 0.34 0.34 0.39 0.48 0.52 0.44 0.50 0.57 0.48 0.54 0.54 
'2 5 2 TL. 1. 89 2.60 2.81 3.21 3.65 3.81 3.80 4.26 4.22 4.71 4. 19 
12 5 3 SG o. 37 0. 39 0.34 0.40 0.46 0.46 0.46 0.58 0.50 0.54 
'.2 5 3 TL 2.65 2.70 3.71 4.04 4.06 4.02 3.86 3.76 4.09 4.01 
12 5 4 SG 0.37 0.43 0.41 0.44 0.52 0.51 0.51 0.55 0.65 0.53 0.62 
12 5 4 TL 2.33 2.42 2.97 3.31 3.68 4.05 4.07 4.00 3.90 4.34 4 . .:;9 
12 5 5 SG 0.35 0.35 0.45 0.49 0.53 0.46 0.53 0.52 0.48 
12 5 5 TL 2.45 2.99 4.33 4.35 4. 72 4.41 4. 57· 4.63 4.94 
13 2 SG 0.34 0.40 0.50 0.56 0.58 0. 54 0.58 0.46 0.46 0. 58 
'. 3 2 1 TL 2.40 2.75 3. 14 3.36 3.55 3.67 3.94 4.76 4.60 4.25 
13 2 2 SG 0.34 0.36 0.31 0.37 0.47 0.64 0.56 0.65 0.45 
13 2 2 TL 1. 57 2.45 2.66 3.38 4.06 4.23 4.26 4.62 5.01 
13 2 3 SG 0.37 0.34 0.32 0.44 0.46 0.51 0.44 0.68 0.59 0.62 0.63 
13 2 3 TL 1 .50 2.07 3.22 2.97 3.66 3.38 3.52 3.55 3.81 4.02 4.39 
13 2 4 SG 0.36 0.36 0.40 0.47 0.48 0.56 0.59 0.53 0.52 0.52 0.55 
'~ '" 2 4 TL 2. 16 3.44 3.59 4.01 4.49 4.65 4.21 4.63 4.78 4.83 5. 10 
.~ 
,..) 2 5 SG 0.40 0.43 0.36 0.46 0.49 0.54 0.59 0.64 0.56 0.59 
13 2 5 TL 1. 80 1. 80 2. 14 4.68 4.04 4.26 4. 15 4. 17 4.06 4. 12 
13 3 1 SG 0.39 0.38 0.41 0.51 0.57 0.55 0.64 0.58 0.63 0.58 0.60 
13 3 1 TL 1. 73 2. 12 2.79 3.07 3.25 3.48 3.52 3.51 3.27 4.33 3.96 
13 3 2 SG 0.36 0. 38 0. 38 0.37 0.56 0.57 0.50 0.49 0.65 0.58 0.53 
13 3 2 TL 1. 94 1. 90 2.22 2.98 3. 10 3.46 3.25 3.80 4.28 4. 19 4.48 
13 3 3 SG 0.37 0.42 0.44 0.51 0.56 0.52 0.59 0.63 0.65 0.66 0.55 
13 3 3 TL 2. 15 2.08 3.42 3.35 3.74 4. 19 4.25 4.09 -1.40 4.67 4.37 
'.3 3 4 SG 0.39 0.42 0.38 0.33 0.45 0.49 0.65 0.51 0.63 0.57 
13 3 4 TL 1 .80 1 . 71 2. 13 2.49 3.28 3.51 3.81 3.98 4.33 3.62 
'.3 3 5 SG 0.38 0.43 0.49 0.53 0.50 0.57 0.60 0.61 0.56 0.52 0.59 
13 3. 5 TL 2.27 2.52 3. 18 2.73 3.58 3.85 3.99 4.02 4.30 3.98 4.07 
13 4 1 SG 0.33 0.32 0.32 0.40 0.42 0.36 0.40 0.46 0.52 0.43 0.46 
13 4 1 TL 2.41 2.83 3.60 3.62 4.05 4.26 4.59 4. 13 4.02 4.55 4.56 
13 4 2 SG 0.33 0.31 0.33 0.44 0. 42 0.45 0.47 0.54 0. 45 0.53 0.56 
13 4 2 TL 2.50 3.22 3.55 4. 14 3.93 4.20 4.67 3.91 4.59 5.09 5. 14 
13 4 3 SG 0.35 o. 32 0.30 0.38 0.43 0.40 0.46 0.53 0.44 0.50 
13 4 3 TL 2.80 3.07 3.26 3.51 3.82 3.99 3.85 3.74 3.87 4.36 
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SPECIFIC GRAVITY AND TRACHEID LENGTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGES AGE10 AGE12 AGE14 AGE16 AGE18 AGE20 AGE22 

13 4 4 SG 0.31 0.29 o. 27 0.38 0.41 0. 39 0.44 0.48 0.46 0.49 
13 4 4 TL 2.76 3. 19 3.64 4.22 4.30 4.31 4.42 4.41 4.52 4.52 
13 4 5 SG 0.37 0.33 0.31 0.36 0.44 0.40 0.45 0. 48 0.46 0.46 0.55 
13 4 5 TL 2.04 3.76 3.81 4.06 4.24 4.44 4.45 4.87 4.52 4.94 5.21 
13 5 1 SG 0.37 0.37 0.41 0.53 0. 56 0.51 0.55 0.58 0.50 0.53 
13 5 TL 2.55 3.04 3.40 3.74 4. 12 3.88 4. 17 4. 14 4.27 4.40 
13 5 2 SG 0.34 0.34 0.31 0.45 0.44 0.44 0.53 0.59 0.46 0.56 0.55 
13 5 2 TL 2.40 2.31 3. 18 3.28 3.48 3.76 3.75 3.83 4. 11 4.64 4. 16 
13 5 3 SG 0.38 0.33 0.31 0.49 0.49 0.48 0.59 0.60 0.55 0.53 0.59 
13 5 3 TL 2. 18 3. 18 3.30 3.41 3.64 4.27 3.67 4. 13 3.90 4.25 4.58 
13 5 4 SG 0.35 0.30 0.33 0.42 0.48 0.46 0.51 0.56 0.43 
13 5 4 TL 2.05 2.82 3.45 3.88 4.00 3.60 3.69 3.92 4. 16 
13 5 5 SG 0.38 0.33 0. 37 0.49 0.53 0.47 0.52 0. 55 0.50 0.49 0.50 
13 5 5 TL 2. 16 3.05 3.66 3.92 4.07 4.25 4.45 4.62 5.00 4.43 4. 17 
14 2 1 SG o. 33 0.37 0.31 0.31 0.48 0.55 0.53 0.60 0.66 
14 2 1 TL 1. 98 2.54 3. 15 3.73 4. 16 4. 18 4.33 4.52 4.56 
14 2 2 SG 0.39 0.38 0. 36 0.53 0.51 o .. 32 0.51 0.67 0.60 0.54 
14 2 2 TL 2.05 2.58 2.91 3.20 3.28 3.47 4.20 4. 19 4.47 4.66 
14 2 3 SG 0.36 0.37 0. 36 0.43 0.50 0.48 0.58 0.62 0.60 0.50 
14 2 3 TL 2.00 2.64 3. 16 3.55 4. 10 3.84 4.20 4.43 4.30 4.53 
14 2 4 SG 0.35 0.35 0.33 0.52 0.56 0.44 0.65 0.53 0.60 
14 2 4 TL 2. 11 2.58 3.53 3.57 3.94 4.01 4. 16 4.48 4.60 
14 2 5 SG 0.39 0.38 0.37 0.41 0.52 0.51 0.57 0.63 o. 58 0.57 0.58 
14 2 5 TL 2.09 2.48 3.56 3.92 4. 12 4.61 4.57 4.73 4.42 4.93 5. 13 
14 3 1 SG 0.47 0.38 0.38 0.47 0.49 0.55 0.56 0.54 0.58 0.57 
14 3 1 TL 1. 20 2. 14 2.00 3.21 3.22 3.42 3.46 4.05 4.20 3.43 
14 3 2 SG 0.33 0.38 o". 33 o. 36 0.45 o. 53 0.45 0.52 0.60 0.55 
14 3 2 TL 1 . 7 1 1. 77 2.68 2.09 2.74 3.01 3.79 3.35 3.66 3.04 
14 3 3 SG 0.34 0.35 o. 37 0.35 0.39 0.49 0.59 0.53 o. 58 0.67 0.68 
14 3 3 TL 1. 99 2.49 2.60 2.41 3.38 3.48 3.56 4. 15 3.82 4.31 4. 13 
14 3 4 SG 0.31 0.35 o. 36 0.38 0.50 0.48 0.52 0.55 0.56 0.62 
14 3 4 TL 2. 12 2. 13 2.88 3. 11 3.72 4.04 4.22 4.30 3.76 4.28 
14 3 5 SG 0.36 0.36 0. 38 0.48 0.48 0.56 0.56 o. 73 0.66 0.65 
14 3 5 TL 1 . 72 2.25 3. 16 3.54 3.58 3.84 3.97 4.36 4. 11 4. 15 
14 4 1 SG 0.37 0.38 o. 35 o. 37 0.47 0.58 0.43 0.53 0.60 0.58 0.51 
14 4 1 TL 1. 92 2.28 2.90 3 .09 3.25 4.09 4.01 4.06 3.71 3.99 4.28 
'4 4 2 SG 0.36 0.40 o. 39 0.38 0.50 0.57 0.50 0.58 0.65 0.51 0.58 
14 4 2 TL 2.46 2.62 3.09 3.29 3.41 3.73 3.93 3.88 4. 14 4.67 4.76 
14 4 3 SG 0.40 0.36 0. 38 0.48 0.60 0.49 0.55 0.60 0.52 0.60 0.60 
14 4 3 TL 2. 1 1 2.78 3.22 3.75 3.90 3.89 4.34 4.28 4.21 4.29 4.48 
14 4 4 SG 0.35 0.35 0. 35 0.50 0.50 0.50 0.51 0.57 0.49 0.48 
14 4 4 TL 2.60 3.20 3.42 3.86 4.09 3.93 3.95 4.54 4.77 4.92 
14 4 5 SG 0.40 0.40 0.48 0.52 0.50 0.55 0.60 0.65 0.53 0.72 
14 4 5 TL 3. 12 3.41 3.41 4.09 3.92 4.52 3.99 4.59 4.82 5.23 
14 5 1 SG 0.34 0.34 0.37 0.40 0.49 0.47 0.55 0.55 0.43 0.55 0.58 
14 5 1 TL 2.54 3.76 3.75 4.26 4.37 4.54 4.21 4.63 4.44 5. 16 5.21 
14 5 2 SG 0.37 0.37 0.43 0.53 0.52 0.50 0.58 0.62 0. 52 0.60 0.58 
14 5 2 TL 2.98 3.65 3.64 4. 19 4.46 4.54 4.38 5.24 4.73 4.90 4.95 
14 5 3 SG 0.49 0.49 0. 43 0.44 0.52 0.51 0.59 0.63 0.69 0.49 
14 5 3 TL 1. 02 1. 74 2.85 3.55 3.93 4. 12 4 .06 4. 17 4.53 4. 7.J. 
14 5 4 SG 0.37 0.37 0.41 0.51 0.48 0.48 0.58 0.63 0. 53 0.59 0.59 
14 5 4 TL 2.54 2.81 2.87 3.46 4.63 4.05 4. 16 4.35 4.31 4.58 4.85 
14 5 5 SG 0.31 0.40 0.34 0.46 0.52 0.50 0.50 0.65 o. 57 
14 5 5 TL 2.57 3.00 3.26 3.32 4. 12 4.23 4.30 4.54 5.44 
15 2 SG 0.37 0.38 0.45 0.56 0.48 0.50 0.56 0.58 0.48 0.55 0.51 
15 2 TL 2. 17 2.83 3.27 3.31 4. 17 4.70 4.35 4.56 4.60 4.60 3.85 
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SPECIFI2 GRAVITY AND TR ACHE ID LENGTH DATA 

FAM REP TREE CHAR AGE2 AGE4 AGE6 AGE8 AGE10 AGE12 .AGE 14 AGE16 AGE18 AGE20 AGE22 

15 2 2 SG 0.42 0.34 0.40 0.52 0.50 0.50 0. 57 0.60 0. 56 0.54 
15 2 2 TL 1. 98 2.47 2.97 3.09 3.88 3.99 3.29 3.64 4. 17 4.51 
15 2 3 SG 0.33 0. 34 0.39 0.42 0.48 0.48 0.50 0.53 0.53 0.60 
15 2 3 TL 2. 18 2.61 3.31 3.28 4.07 4. 19 3.94 3.92 4.89 4. 12 
15 2 4 SG 0.36 0.35 0.35 0.41 0.49 0.49 0.50 0.56 0.54 0.49 c 44 
15 2 4 TL 1. 89 2.27 3. 18 3. 21 3.79 3.91 3.95 4. 11 4.20 3.86 4.37 
15 2 5 SG 0.32 0.32 0.36 0.45 0.51 0.52 0.54 0.58 0.60 0.55 C.57 
15 2 5 TL 1. 78 1 . 8 1 2.41 2.93 2.91 4.04 3.59 4.53 3. 91. 4.53 4.70 
15 3 SG 0.37 0.41 o. 37 0.41 0.49 0.54 0.51 0.56 0.60 0.56 0.46 
15 3 TL 1. 86 2.31 2.38 2.23 2.88 3.76 3.62 3. 12 3.82 3.92 4. !::·9 
15 3 2 SG 0.36 0.34 0.36 0.46 0.44 0.51 0.54 0.54 0.52 o. 52 0.47 
15 3 2 TL 1. 96 2.78 2.61 3.65 3. 16 4. 10 3.90 4.75 4.57 4.53 4.36 
15 3 3 SG 0.36 0.33 0.33 0.40 0.49 0.48 0.47 0.52 0.65. 0.53 0.58 
15 3 3 TL 1. 97 2.06 3. 12 3.08 3.90 3. 18 4. 13 4.24 4. 11 3.82 5.31 
15 3 4 SG 0.33 o. 37 0.43 0.45 0.44 0.52 0.50 0.52 0.49 0.50 0.50 
15 3 4 TL 2.24 3.03 3.74 4.07 4.31 3.91 4.78 4.79 4.26 5.23 4 76 
15 3 5 SG 0.34 0.42 0·. 39 0.55 0.59 0.61 0.61 0.68 0. 70 0.57 0.68 
1!" 3 5 TL 2.42 2.47 2.69 3. 15 3.39 3. 13 4.23 4.24 3.63 4.73 4. 19 
"' '"' 4 1 SG 0.36 0.31 0:33 0. 46 0.44 0.43 0.49 0.52 0.43 0.48 0. 4:0 
15 4 1 TL 2.38 3. 13 3 36 3.93 3.97 3.96 4. 13 4. 19 4.49 4.51 .J.72 
15 4 2 SG 0.35 0.32 0. 29 0.31 0.46 0 .49 0.46 0.51 0.50 0.47 0.49 
15 4 2 TL 1 . 86 2.62 2.46 3.23 3.49 3.56 3.46 3.77 4. 14 3.92 3.78 
15 4 3 SG 0. 34 0.32 0.34 0.42 0.48 0.39 0.46 0.51 0.49 0.44 0.49 
15 4 3 TL 2.45 2.76 3.32 3.37 3.96 3.85 4.06 3.26 4. 14 4.62 5.39 
15 4 4 SG 0.37 0.34 0.37 0.46 0.49 0.47 0.49 0.55 0.48 0.54 0.48 
~5 4 4 TL 2.55 3 .06 3.40 3.54 3.98 3.69 4.00 4. 12 4.26 4.88 4.54 
15 4 5 SG 0.40 0.39 0.38 0.38 0.53 0.54 0.51 0.54 0.55 0 46 
15 4 5 TL 2.33 3.09 3.27 3.39 3.93 4.30 4.24 4. 13 4. 18 4.22 
15 5 SG 0.35 0.42 0. 42 0.48 0.46 0.50 0.52 0.57 0.48 0.55 o. 50 
15 5 TL 2.70 2.74 3.56 3.34 3.73 3.90 4.44 4. 15 4.02 3. 17 3.92 
15 5 2 SG 0.36 0.29 0.31 0.44 0.43 0.40 0.50 0.52 0.45 0.48 0.53 
15 5 2 TL 2.66 3. 16 3.37 3.59 4. 11 3.93 4.05 4.41 4.03 4.04 3.78 
15 5 3 SG 0.33 0.33 0.31 0.43 0.43 0.40 0.49 0.52 0.48 0.50 0 46 
15 5 3 TL 2.95 3. 12 4. 13 4. 12 3.66 4.59 3.76 4.06 4.53 5.46 5. 12 
15 5 4 SG 0.35 0.35 0.32 0.43 0.52 0.46 0.51 0.52 o. 50 o. 58 0.55 
15 5 4 TL 3. 10 3.21 3.80 3.89 4.95 5.02 5. 11 5. 16 5.24 5.52 5.45 
15 5 5 SG 0.35 0.35 0.34 0.43 0.45 0.48 0.53 0. 49 0.42 0 46 0.52 
15 5 5 TL 2.73 3.43 3.67 3.95 4.42 4.32 3.97 4.24 4.46 5.08 4.49 
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