
EFFECTS O F  SITE AND STLVICULTURE 
ON WOOD DENSITY OF DOUGLAS FIR 

GROWN IN CANTEMBURY CONSERVANCY 

ABSTRACT 

Douglas fir has s3me attraction as a species for afforestation 
in the Canterbury foothills because of its wind firmness and 
growth characteristics. Wood density has been examined in a 
variety of stands from the plains to Arthurs Pass (700 m ) ,  and 
the mean value of 410 kg/m3 basic density /or jorest-grown trees 
indicates very satisfactory intrinsic wood properties for this tim- 
ber. Response to thinning and to growth rate in general, suggests 
that thinning of Douglas fir in Canterbury can be carried out 
from age 15 years onward (other factors being equal) without 
detriment to wood density. 

INTRODUCTION 

The hazards of forestry in Canterbury are well documented 
and have been summarised by Berg (1978). Strong Foehn winds 
coupled with shallow soils overlying compacted gravels make 
severe windthrow a recurrent problem. On the plains low rain- 
fall and shallow soils result in top height at 20 years for Pinus 
radiata being as low as 20 m, and although foothill forests are 
more productive they are still below the national average. More- 
over gorse can be a severe weed problem on foothill foresfs. 

Despite these difficulties, forests in Canterbury have the ad- 
vantage of proximity to a domestic market and to an export port 
at Timaru. Consequently, although the future of forestry on the 
plains engenders some doubts, prospects for further develop- 
ments in the foothills look reasonably good. 

The question of species selection for future afforestation has 
drawn attention to Douglas fir (Pseudotsuga menziesii) as a tree 
generally notable for its wind firmness (Wilson, 1976). Jt may 
be true that th: moisture limitations of the plains and weed prob- 
lems on the foothills will severely restrict the use of bhis species 
(Tustin, as quoted by Berg, 1978), but as O'Neill pointed out 
(loc. ci f )  ths biologiczl hazards of putting 'total trust in radiata 
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pine, growing under conditions that are marginal in so many 
respects, may justify the inclustion of lother species, even if they 
are silviculturally more demanding. This is espzcially true inso- 
far as the (timber quality of radiata pine grown in Canterbury 
has been questioned, and the prolblems associated with resin 
packets (Cown, 1973) have never been resolved but have simply 
been aocepted as placing another constraint on wood use in this 
species. 

Wood density is of particular importance in Douglas fir be- 
cause, in contrast to radiata pine, it is essentially a structural 
timber and not a general-purpolse timber. It can, of course, be 
used in a wider variety of applications than the description 

TAB1,E 1: DIETAILS O F  STANDS EXAMINED (1977) 

Forest and Age (yr)  Mean 
Location at Test  d.b.h. 

- 

Ashley (1215) 

Ashley (5) 

Arthurs Pass 

S.P.B.* McIntosh's 

S.P.B. Watson's 

S.P.B. Watson's 

Peel Estate 

Pioneer Park 

AltitudkSfocking and Treatment 
( m )  

240 Interplanted larch 2500 
stemslha. Seed stand: 
thinned 1959-62 840 stems 
/ha; 1967 thinned 370 
stems/ha. 
Planted 2990 stemslha. 
Unthinned. 890 stemslha 
at test. 
Species trial C Y 7 l .  Two 
rows of 10 trees 2 m X 2 m .  
Planted 2500 stemslha. 
Pole extraction down to 
1914 stems/ha in 1971. 
Drought deaths '73-'75, 
followed by windthrow. 
Planted 2500 stems/ha. 
No thinning. 1975 stems/ 
ha at test. 
Open regeneration be- 
tween orna.menta1 plant- 
ings. 
Planted 23W stems/ha. 
No thinning. 1210 stems/ 
ha at test. 
Planted 2900 stems/ha. 
Thinned 1972 to 780 
stems/ha. 

*Selwyn Plantation Board. 
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"structural timber" alone would strictly imply, but d e s s  it 
meets the primary requirements of strength and stability for 
structural use the special requirements of Douglas fir silvicu!lure 
will make the t i m h  too costly for less demanding applications. 

Previous work (Harris and Oman ,  1958) has shown that, 
at its best, New Zealand-grown Douglas fir can hold its own 
with most of the imported second-growth timber of this species. 
Unfortunately, the strength of timber being produced in this 
country varies widely between stands. Some of this variability 
may be attribujtable to factors of the growing site, but it has 
become apparent over recent years that wood density also varies 
widely wieh provenance, and this provenance effect probably 
becomes increasingly significant as trees grow older. For example, 
the extremes of wood density in 45 provenances tested on three 
sites at 16 years of age, were 360 and 410 kg/m3. Yet differences 
of the same order (400 and 460 k5/m3) are known to have arisen 
by chance in outerwood of 50-year-old trees in Kaingaroa forest, 
depending on whether they derive from commercial seedlots 
imported in 1921 or in 1922. These early mass importations, 
although usually collected from wide areas, are most unlikely to 
match the extremes of provenance obtained to produce the 
younger trees (unpublished data - J.M.W.) . 

MATERIAL AND METHODS 

Details of the sbands from which wood samples were obtained 
in 1977 are summarised in Table 1. Unless otherwise stated, two 
increment cores (5  mm diameter) were taken at breast height 
from each of 30 randomly selected trees on each site. These were 
used to  assess wood density of the 10 outer growth layers only. 
In  addition a large increment core (10 mm diameter) was taken 
from every fifth tree for examination with a beta-ray densitoineter 
(Harris, 1969). These provided trends of wood density develop- 
ment from pith to bark. When preparing the large cores for den- 
sitomeltry five of the E I ~ X  core3 c~llec~ted f ~ o m  clsch site were se- 
lected to provide mean outerwood density values as close as pos- 
sible to the mean determined gravimetrically for (tihe 5 mm cores 
from 30 trees. Finally, one core was taken from each of 20 trees 
in Cpt. 31/5 in Ashley Forest which had been established using 
seedlot R54/511, for comparison with a similar sample from 
Cpt. 1093 in Kaingaroa Forest (Rotorua Conservancy) which 
had been established using the same seedlot. 



TABLE 2: BASIC DENSITY OF OUTERWOOD AND LENGTHS OF CORES CONTAINING THE TEN OUTER 
GROWTH LAYERS AT B.H. 

No. Mean Mean N 
Forest o f  Basic Core Residual - 

Trees Density D Lengfl Regression r Mean F O  
Tested ( kg /m3)  L ( m m )  Square d 

-- - - .= 
Ashley (Cpt.  12) 30 44 1 63.3 D= 507-1.056067 4.330 1126.80 3.4 z 
Ashley (Cpt.  5) 30 479 24.4 D = 484-0.22000 L -0.051 986.36 0.1 
Arthurs Pass 20 406 56.4 D = 430-0.43462 L -0.269 428.83 2.4 8 
S.P.B. McIntosh's 30 473 11.4 D=486-1.14299 L -0.077 772.39 0.2 
S.P.B. Watson's 30 520 26.0 - - - - 
S.P.B. Watson's 8 m 

Regen. 30 452 65.8 D = 552-1 S2320 L -0.540 610.93 11.6 (" 

Peel Estate 30 383 54.8 D=432-0.90782 L -0.249 660.33 1.9 
Pioneer Park 30 457 42.3 D=503-1.11330 L -0.488 484.42 8.8 

Overall 443 45.5 D=487-0.98497 L -0.494 1428.17 62.5 
- - -- - - - - - -- - -- - - -- - -- 
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RESULTS 

Outerwood Density 

Table 2 summarises mean outernoold densities for each site 
and examines the relationship between wood density and growth 
rate - as measured by the length of cores containing 10 growth 
layers. The regressions relating density to growth are rather 
weak, though all are negative, and the overall regression for seven 
sites indicates that less than one quarter of the total variation in 
density can be related to variations in growth rate. 

Outerwood density for Canterbury Douglas fir is superior to 
rhat estimated for 21 compartments of average age 43 years 
from Kaingaroa forest which averaged only 413 kg/m3 (D. J. 
Cown, pers. comm.), and even better than the 51-year-old trees 
examined by Whiteside et al., (1977) which had mean outer- 
wood density of 442 kg/m3. If the Arthurs Pass and Watson's 
regeneration are excluded as being essentially open-grown trees, 
the mean outerwood density for the forest-grown material olf aver- 
age age 36 years is 459 kg/m3. Applying the regression (J. M. H. 
- unpublished data) : 

Tree mean density = 0.588 X outerwood density + 148 
average density for these trees down to 150 mrn i b. is slightly 
over 410 kp;/~m~ wlhich is quite high for trees of this age. 

The Canterbury-grown material also proved superior when the 
two compartments planted with seedlot It54151 1 were compared. 
Each was aqed 21 years at the time of testing so that the cores 
containinq 10 outer growth layers had not reached maximum 
density. However, the cores from Ashley forest averaged 378 kg/ 
m3 and those from northern Mainga~oa forest 326 kg/m3. 

Densitometry 

Results of the densitometric studies are illustrated in Fig. 1. 
These show the trend of mean density development for each 
annual growth layer from the centre of the tree outwards, and 
also the values for minimum (earlywood) and maximum (late- 
wood) densities in each growth layer. At the right-hand side of 
each figure a harge cross marks the outerwood density value pro- 
vided by measuring 5 mm cores from 30 trees. Close agreement 
between dens~itometric and gravimetric results reflects the bene- 
fit of matching the samples used for densitometry against the 
mean valup determined for 30 trees. 
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900 ASHLEY CPT. 5 
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FIG 1 :  L)etails of density variafion from pith to 



* + * MAXIMUM ( LATEWOOD ) DENSITY 

0  0  0  MEAN DENSITY FOR EACH ANNUAL GROWTH 
LAYER 

MINIMUM ( EARLYWOOD ) DENSITY 

+ MEAN DENSITY OF TEN OUTER RINGS FOR 
30 TREES 

HORIZONTAL SCALE: No. OF GROWTH LAYERS 
FROM PITH 

bark. Each graph is the average of five trees. 
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The first three graphs for unthinned stands (Ashley Cpt. 5, 
Peel Estate, and Watson's) share certain features. Latewood 
maximum basic density is rather low for Douglas fir (600-650 kg 
/m3) and actually appears to decrease outside the fifteenth an- 
nual growth layer, though this may be due in part to lack of reso- 
lution by the densitometer. Mean density, though very variable 
between individual growth layers, is not markedly affected by 
this decline. Earlywood minimum density is about 250 kg/m3 
outside the fifteenth annual growth layer. Tlhe ratio of maximum 
to minimum density, about 2.5: 1, impiies relatively low within- 
ring contrast for Douglas fir, and suggests that this would be a 
fairly mild-working timber without extreme graininess. 

The open-grown trees of the two following graphs (Watson's 
Regeneration and Arthus Pass) have denser latewood with max- 
ima avenging a little over 700 kg/m3 outside the twentieth 
growth layer. The value of mean density in relation to minimum 
and maximum values for the Arthurs Pass stand in particular 
indicates low latewood ratio (Harris, 1969). However, it is im- 
possible to determine, wihout evidence from oaher seedlots on 
comparable sites, whether this .is due to a shortened growing 
season at this altitude (i.e., with latewood development termin- 
ated early) or to  the genetic response of the trees. 

The two final graphs (Ashley Cpt. 12 and Pioneer Park) are 
for thinned stands. The Ashley seed stand has been thinned twice 
(1960 and 1967) and the Pioneer Park stand once (1972), five 
years before testing in 1977. The response in terms of wood 
density is most obvious. Latewood maximum density approaches 
800 kg/m3 after thinning whereas earlywood minimum density 
stays low at about 200 kg/m3. There is no marked change in 
mean density which Table 2 s1hows to be about average for the 
conservancy. This sharp response to thinning lhas been recorded 
elsewhere (e.g., Whiteside et al., 1977), but not for all thinned 
stands of Douglas fir. Again, it is not clear whether the response 
is under any degree of genetic control or not. It should certainly 
be looked for in the provenance trials when the time is right. It 
creates an extremely grainy timber with latewood to earlywood 
density ratio approaching 4: 1. This need be no great disadvan- 
tage for structural use. The extreme "laminate" structure could 
even b: advantageous in compression parallel to the grain. It also 
appears that this response maintains wood density in circum- 
stances which might otherwise result in decreased intensity. 
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I DISCUSSION 

If the objective of this study had been only to assess the wood 
properties of Douglas fir currently being produced in the Can- 
terbury Conservancy, the conclusions would be quite simply that 
the intrinsic wood properties as indicated by wood density are 
very satisfactory. However, it is necessary to look beyond the 
present situation and to examine the potential of this species 
for future timber production. 

It  is probable that inoisture limitations will severely restrict 
the widespread use of Douglas fir on the plains, tthough on care- 
fully selected sites it is possible to grow very good timber of this 
species, as has been demonstratzd by the original stand at Coal- 
gate (Watson's). However, it is on the foothills that most future 
planting will probably be done. This assumes that the problems 
of weed infestation can be overcome economically, and that the 
selection of vigorous provenances will provide trees capable of 
outgrowing competing weeds quickly afkter establishment. 

I 
The question of provenance is, of course, of equal importance 

for production of quality timber. It is impossible, on present 
evidence, to indicate what range of wood properties can be at- 
tributed to the effects of provenance in the present crop, or 
whether the present results could be much improved by using 
trees of different provenance. On balance it would appear that 
the seedlots that have been used in Canterbury are reasonably 
well suited and bhey are producing timber with density which 
is the equal of, or better than that being produced anywlhere 
else in the country. It is also comforting to be able to report that 
the seed stand at Ashley Forest (compartment 12) is in no way 
inferior in )the density of wood produced. 

The 1957 and 1959 national series of Douglas fir provenance 
trials were replicated in the Canterbury Conservancy only at 
Hanmer Forest. With hindsight this is unfortunate, though it is 
quiite understandable in view of the economic risks of setting 
out very expensive trials in areas where the chances of failure 
would be high. However, Hanmer Forest is not typical of Can- 
terbury: in many ways it is not typical of many of the foothill 
areas that may be planted in the immediate future. Over the 
provenance trials as a whole it was found that "wood density 
was greater in the North Island than the South Island, and 
showed a general decrease from North  to South" (M. Wilcox, 
pers. comm.). In the light of the overall results from the present 
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study, and in view of the definitely superior wood aenbity pro- 
duced by seedlot R54/511 in Ashley Forest compared with 
Kaingaroa Forest, it seems reasondble lo question whether the 
Canterbury forests in general would readily fit in  to the "decrease 
from north to south". Alternatively, if this trend really is valid, 
then the seedlots used in Canterbury thus far must be amongst 
the producers of highest wood density (in bhe country. 

The present study cannot be used to assess the poltential of 
Douglas fir for high country planting. The few trees from Arthurs 
Pass, at 700 m, werc growing as two rows, of 10 trees each, 
among the species trials at Coralyn (North Canterbury Catoh- 
men1 Board). They are on a fairly sunny slope, the soil is better 
than average, and their situation resembles a double-row shelter- 
belt rather than a forest stand. Their rapid growth rate (nearly 
6 mm per ring over the past 10 years) cannot be regarded as 
reflecting the normal situation either. Equally, the rather low 
outerwood density that was recorded (406 kg/m3) need not 
represent the best than can be produced by this species on high 
country sites, though other unpublished data (D. 1. Cown, pers. 
comm.) also suggested that high country Douglas fir tends to 
produce low density wood. However, sufficient is now known 
about the performance of different provenances in New Zealand 
to enable a judicious selection of seed sources which should be 
capable of producing reasonably vigorous growth combined with 
satisfactory wood density under high country conditions. 

Finally, some reference must be made to the effect of thinning 
on wood density in Douglas fir. Two features stand out in tlhe 
present study. Unthinned trees on hard sites produce timber with 
a high latewood ratio but with low latewood density, so that 
there is no significant gain in mean wood density as a conse- 
quence of the reduced growth rate when stand competition be- 
comes severe. The second feature concerns heavily thinned stands 
which have responded with greatly increased latewood density. 
This has largely offset any decrease in latewood ratio associated 
with enhanced radial growth. It is important to stress that neither 
of these latewood responses is fully understood. Increased late- 
wood density following thinning has been observed elsewhere 
by the author in Douglas fir, and in other species iincluding Pinus 
pondevosa and P. elliotti (unpublished data). However, it is by 
no means an inevitable consequence of thinning and, for the 
time beirrg at least, it must be regarded (as a somewhat unpre- 
dictable response. 
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The effect of growoh rate per se on wood density in Douglas 
fir (e.g., in unthinned stands) is not very marked in wood forrn- 
ed at more than 15 growth layers from the pith. Tihe curves re- 
lating growth rate to wood density (Harris and Orman, 1958 - 
Fig. 4) indicate that radial growth increment has little eftect 
when slower than 4 mm per ring, and the greater part of timber 
of this age produced under forest conditions will fall into this 
category. Whiteside et al. (1977) came to similar conclusions for 
Douglas fir from Kaingaroa forest. The present study suggests 
bhet thinning (at (any practical level (e.g., even at intensities down 
to seed stand spacings of about 200 stems/ha) will have little 
effect on wood density. The implications for Canterbury are that, 
other things being equal, bhinning can be .carried out from about 
age 15 wibhout detriment to wood density. 

CONCLUSIONS 

(1) Outerwood density of forest-grown Canterbury Douglas fir 
at average Iage 36 years, was 458 kg/m3. This corresponds 
to average basic density of 410 kg/m3 for enhire stems down 
to 150 mm diameter i.b. 

(2) These results indicate very satiisfactory intrinsiic wood prop- 
erties for this timber, with the possible exception of Ohat 
from high country sites. 

( 3 )  Tihe effects of growth rate on outerwood density were not 
o~f practical significance. 

(4) batewood density was found to increase suddenly after 
heavy t~hinning, but without significant effeot on mean wood 
density due  to compensating changes in latewood ratio. Un- 
thinned stands on hard sites showed diminislhing latewood 
density as stand compebition increased. The reasons for 
these responses are not fully understood but (are in keeping 
with some previous observations. 

(5) The silvicubtural implications are that Dougl~as fir in Can- 
terbury can be thinned at about age 15 years (other factors 
being equal) without detriment to wood density. 
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