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Fig. 1. Sapwood area percentages of 171 Douglas fir trees according to their vitality, and sepa­
rately plotted for different age classes (A c. 30 years old; + c. 50 years old; • c. 70 years old). 

Statistical methods 
Analysis ofvariance (ANOYA) of the soft­

ware package STSC STATGRAPHICS version 
4.0 was used to test the differences in sap­
wood amount, number of sapwood rings, 
latewood percentage in sapwood and sapwood 
moisture content between age and vitality 
classes. Differences between the class means 
were tested at the 0.05 level with the multiple 
range analysis. The mutual relationships be­
tween amount of sapwood, average Iatewood 
percentage in sapwood and sapwood moisture 
content were calculated with simple regression 
analysis and correlation analysis. 

Sapwood and latewood percentage 
With age, the number of sapwood rings 

increases significantly, while the sapwood 
percentages of the radius, area and volume 
decrease significantly (see Table 2). The ab­
solute sapwood width, area and volume is 
significantly the highest in the 65 -70- year­
old trees . The larger sapwood area and vol­
ume in the older trees are of course not only 

the consequence of the wider sapwood but also 
of the larger tree diameter. The average late­
wood percentage in the sapwood and in the last 
formed five annual rings show no significant 
differences between the different age classes. 

Except for the number of sapwood rings, 
the non vital trees (class 4) show a lower 
average value for all investigated parameters 
although there is often a considerable overlap 
(see Table 2 and Figure 1). In the felled trees 
the sapwood area percentage was found to 
increase with increasing tree height, indepen­
dently of tree vitality. 

Two factor analysis of variance (ANOYA) 
shows a significant influence of both age and 
vitality on all investigated parameters , except 
for age on latewood percentage (see Table 3). 
The interaction between vitality and age on 
the investigated parameter is not significant 
except for the number of sapwood rings and 
the average latewood percentage in the last 
formed five annual rings . 

If the entire sample of 171 trees is broken 
down into different age classes the effect of 
crown vitality becomes statistically non-sig ­
nificant in many instances. Within the 25-35­
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in sap- and heartwood (Friihwald et al, 1984; 
Hapla et al. 1987; Kucera & Bosshard 1989), 
although sometimes the moisture content in 
the heartwood is high because of so-called 
wetwood formation (Friihwald et al. 1981). 

The increase in moisture content with in­
creasing height in the stem is in agreement with 
the literature on other species (Hapla et al. 
1987; Gortsche-Ktihn 1988; Bues et aI. 1989). 
The increase seems partly due to the lower 
latewood percentages higher in the trunk and 
partl y to the fact that the moisture saturation 
is somewhat higher in the crown region. The 
higher moisture saturation in disks higher up 
the bole and in the crown as compared to the 
disk at breast height is remarkable: the negative 
pressures to which the water columns in the 
tracheids are subjected higher up the tree are 
considerably stronger than at breast height 
(Zimmermann 1983), and one would expect 
a higher percentage of emboli sed tracheids in 
the crown region than at the stern base. 

A significant and negative correlation was 
found between the moisture content in a 
growth ring and the latewood percentage. The 
most important part of a growth ring for the 
water conduction is the earlywood with its 
wide cell lumina, because wide cells provide 
a larger cross-sectional area and higher flow 
rates (Zimmerman 1983). A large proportion 
of earlywood percentage thus enables a high­
er sap flow velocity. Latewood percentage 
effects the density (e.g. De Kort et a1. 1991; 
Wimmer 1991b), which in turn correlates 
with the maximum moisture content (Tsournis 
1991) . The non vital trees show a lower aver­
age latewood percentage, although they show 
overlap with more healthy trees . However, in 
the last formed five years the Iatewood percent­
age in non vital trees was even lower . The 
smaller amount of sapwood in the non vital 
trees thus seems to be compensated for by a 
larger proponion of earlywood, so that over­
all hydraulic conductivity can be sustained. 

Comparison of the maximum moisture 
content, calculated from density and latewood 
percentage, and the measured moisture con­
tent indicated that only one tree seemed com­
pletely moisture-saturated, in the other trees 
the 'mo isture saturation' was about 80-90%, 
values which have also been reported in the 
literature; Hapla et al. (1987) showed a mois­

ture saturation of c. 94 % in non damaged 
Scots pine s and 88% in damaged trees ; Bues 
et al . (1989) mentioned a water saturation of 
83-84% at three levels in the trunk in both 
diseased and healthy Scots pine. In the pres­
ent study sampling of the trees was done in 
spring. How the moisture saturation would 
have been during the drier and warmer sum­
mer months is uncertain. Bues et al. (1989) 
also sampled in spring, but Hapla et al. (1987) 
sampled three times in autumn (between 30 
September and 28 October) and found no 
significant differences between the sampling 
periods. 

A low moisture saturation could indicate a 
large proportion of ernbolised tracheids, i.e , 
tracheids no longer filled with water and func­
tioning in conduction. Although embolisms 
can be dissolved under special circumstances, 
they will meanwhile reduce the hydraulic 
conductivity . On the other hand Tyree and 
Ewers (1991) found in normally transpiring 
tree s a 'native' state of embolism causing a 
5-20% loss of hydraulic conductance. Thus 
the water saturation reported here for Douglas 
fir probably reflects the situation in normal 
healthy trees. 

The difference in moisture saturation be­
tween the two stands is difficult to explain. 
The larger moi sture saturation in Garderen 
might be due to the larger water holding ca­
pacity of the soil in Garderen compared to 
that in Kootwijk. Also the leaf area index 
(LAI) in Garderen was larger than in Koot ­
wijk (Jans et al. 1991). 

No indication of influence of vitality on 
the moisture saturation could be found , main­
ly becau se the variation in crown vitality in 
the investigated trees was rather poor; nine 
of the investigated trees belonged to vitality 
elass 0 or 1 and only one to class 2. There 
are, however, many reports on a decrease in 
sapwood moisture content in non vital trees 
(Friihwald et al. 1984; Rademacher 1986; 
Rademacher et al. 1986; Shortie & Bauch 
1986; Hapla et al. 1987; Schnell et al. 1987; 
Gcttsche-Kuhn 1988), and it is quite possible 
that the same would have been found in 
Douglas fir if less vital trees would have been 
available in the stands for this particular study. 

In contrast to the very close relationship 
between average latewood percentage in the 
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sapwood and the area percentage of sapwood 
in the trees in which the moisture content was 
studied , the same relationship in all 171 in­
vestigated trees together is only very weak. 
Espec ially in the younger trees this relation­
ship is virtually absent. In the c. 50-year-old 
trees the relationship is positive and signifi­
cant , so here a smaller relative sapwood area 
is compensated by a lower Iatewood percent­
age and thus a higher possible moisture con­
tent. While in the c. 70-year-old trees the re ­
lationship is negative and no compensation 
for the smaller relative sapwood area is pro­
vided by early/latewood ratio . Not too much 
meaning can be attached to these seemingly 
conflicting results for different age classes. 
Latewood percentage measurements were 
carried out at low power magnification , and 
may not have been equally accurate in all 
samples. Moreover, the number of old trees 
studied was quite low. Similarly the calcula­
tion of a circular outline of sapwood in cross 
section implies a source of error, which may 
become more serious with advancing age . 

Due to the rather short (4 years) time-span 
of the experimental and monitoring studies 
in the Dutch ACIFORN project (Evers er al. 
1991), the larger than expected biological 
variation in the two selected stands, and the 
indistinct effects of air pollutiou on the tree 
physiology (Evers et al. 1991), it was not 
possible to directly correlate data from the 
present study on sapwood amount and water 
content with the other data of the monitoring 
programme. Such a comparison would have 
been particularly interesting with data on sap­
flow velocity, monitored in trees very similar 
to the ones used for moisture content mea­
surements (Bouten et al. 1991). Pilot data of 
that study in the stand Garderen indicated a 
normal diurnal behaviour of sapflow and un­
impaired hydraulic capacity. 

General conclusion 
Non vital Douglas fir trees show a lower 

amount of sapwood and a lower latewood 
percentage. The hydraulic capacity probably 
remains unimpaired, because the smaller 
amount of sapwood in the non vital trees is 
compensated for by a higher average early ­
wood percentage, especially in the last form­
ed rings . 
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