
THE HEIGHT GROWTH OF INSIGNIS PINE IN 
MID-CANTERBURY. 

(J. P. GORMAN.) 
(Summarised from a special study presented to fulfil 

the requirements of the B. For. Sc. degree, School of For
estry, Canterbury College, 1933.) 

This study has for its aim the collection of informa
tion regarding height growth of insignis pine in Canter
bury, with a view to differentiation of site classes for yield 
table purposes. The value of the study rests upon the 
generally accepted principle that the height growth of the 
dominant trees of any species furnishes a constant and re
liable guide or index to the site quality, or potential yield 
capacity, of any area for the given species. The postulations 
usually accepted are that height growth is not affected by 
density changes in the stand, but for the dominant trees 
of any species, is the result solely of the site factors obtain
ing on the area. The height of the dominant trees at given 
age may therefore be used as a reliable index to potential 
fully stocked yield, or "normal" yield, as distinct from an 
actual or empirical yield which may obtain on an area, and 
which is the result not only of the productive power of the 
site but also of the arbitrary and changing factors of den
sity which may prevail at the time. The "Site height index" 
is therefore used, first in the compilation of yield tables to 
segregate the various site qualities desired, and second, 
given a standard yield table, to determine in which of the 
classes recognised by the table any given tract of land may 
fall. 

Field measurements for the study consisted in the sec
uring of the average height of the dominant trees in stands 
of insignis pine of known age, aiming to cover as fully as 
material allowed the full range of age, soil, rainfall and 
other variations obtaining in the province. Dominant trees 
were defined as:—"Trees with crowns extending above the 
general level of the forest canopy and receiving full light 
from above, and partly frcjm the sides; larger than the 
average trees in the stand, and with crowns well developed 
but possibly "somewhat crowded on the sides." For all 
stands examined, the location, soil nature, rainfall, age, 
and general condition were recorded. Heights were taken 
to nearest foot by topographic Abney, the baseline being 
measured with steel band. Most of the stands studied were 
also being measured by means of temporary sample plots 
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for yield table compilation. In such cases the average 
height of the dominant trees was the average of all domi
nant trees on the plot, one tenth to one quarter acre. In 
stands where no plots could be laid out, the average was 
secured from about ten trees picked as typifying the domi
nant class. In a few cases only a single individual was 
available. 

The study was carried out mainly between the Rakaia 
and the Waimakariri rivers, from the coastal sands at 
Bottle Lake across the whole width of the plains and into 
the mountain basins at Lake Coleridge, together with a 
few studies at Brackenfield (near Amberley), at Hanmer 
and at Balmoral, all north of the Waimakariri River. It had 
had been hoped to gather a great deal of material in North 
Canterbury on" the clay and limestone downs but time and 
transport facilities did not permit. 

The material used in compilation of the study included 
the measurements from 46 plots used for the yield table 
together with measurements taken by the writer and his 
collaborator in 20 stands in which no plots were installed. 
In addition there were available the records of 35 plots 
measured for yield table purposes the previous year by 
Wickett and Moorhouse, together with a small number of 
authentic measurements of trees of known age in the School 
of Forestry files. Altogether 112 points were used on the 
final graph. 

Compilation consisted in plotting to a generous scale 
the average heights of the dominant trees as ordinates over 
age as the abscissa, the identity of each stand being pre
served by a key number written beside the point. In this 
graphical presentation the points representing young 
stands are naturally located close to the origin, and with 
increasing age the points form an ever broadening strip 
lying above and to the right of the origin, like the tail of 
a comet. Freehand curves were drawn bounding the points 
along the top and bottom, and the space between was then 
subdivided. For yield table purposes, three site qualities 
are usually considered adequate, so that for this purpose 
the initial subdivision was into three equal parts, whose 
average value was taken as the site height index for the 
three site qualities to be recognised. (See a yield table for 
insignis pine in Mid-Canterbury, J. W. Syme, summarised 
in this issue of Te Kura Ngahere.) To make possible a 
more detailed examination of the relative effects of the 
component factors of site, however, a closer subdivision 
was made, which resulted finally in the recognition of five 
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site qualities for insignis pine in the region studied. Con
sideration was given to the possiblity of linking up points 
representing given soil types, as sand, clay and shingle, 
and so forming curves not necessarily equidistant, repre
senting the average height growth for these soils; but in 
view of the wide variation of the shingle soils, and the 
scanty representation of the others, this proved doubtful, 
and the procedure adopted finally was to make the sub
division arbitrarily into five parts, and then analyse back 
in each sub-division for the component factors of site ob
taining for the various stands included in each subdivision. 
The results are given in the table below. 

HEIGHT OF DOMINANT TREES IN FEET. 

Age in years. 

10 
15 
20 
25 
30 
35 
40 
45 
50 

Site I. 

42.5 
64.0 
82.0 
— 
— 
— 
— 
— 
— 

Site II. 

36.5 
53.5 
67.0 
80.5 
92.5 

103.0 
113.0 
122.0 
130.0 

Site III. ' 

32.5 
46.0 
58.5 
70.5 
80.5 
90.0 
99.0 

106.0 
112.0 

Site IV. 

23.5 
39.0 
49.5 
58.0 
66.0 
73.0 
79.5 
86.0 
92.5 

Site V 

23.0 
34.0 
42.0 
47.0 
51.0 
55.0 
58.0 
61.0 
64.5 

Site I. includes:—A. The coastal sands as typified by 
Bottle Lake, with a rainfall of only 23in., the lowest in 
the area studied, but with frequent damp sea breezes, and 
with permanent moisture below about three feet. The soil 
is loose and penetrable, temperature the most equable of all 
stands studied, and exposure to the north-west wind least of 
all stands studied. Elevation 10 feet. 

B. The hillsides at Hanmer. Here a scanty humus 
overlies a free yellow clay o*er rotten rock, fairly reten
tive, and quite penetrable. Exposure to northwest winds 
almost complete, but rainfall 4lin., approaching the maxi
mum for the area studied. Temperatures probably the 
most extreme in the area studied. Elevation 1200 feet. 

C. One area at Kirwee on the shingle plains, with a 
rainfall of 30in., a soil of 18in. of loess clay over the shingle, 
and almost completely sheltered from the northwest winds 
by old plantations encircling it. 
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Material was available in this site class to cover only 
up to age 20 but it seemed that a 60 year tree of 162 feet 
height at Homebush, and an average of 117 feet for a 34 
year old block at Springfield would both fall into this class. 
Homebush has a 38in. rainfall, a clay soil, and moderate 
exposure to the northwest winds. Springfield represents 
a deep loess clay over shingle, with full exposure, but a 
rainfall of 40in. The elevation is 1,000 feet. 

Site IL includes:—A. The river laid porous shingle 
flats at Hanmer; B. the sheltered aspects of the mountain 
basins as at Lake Coleridge where a fairly deep, free clay 
overlies angular morainic detritus, elevation 1500 feet, and 
rainfall 35 to 50in.; and C. the valley of the Hororata river, 
from the Point to Coalgate along the western edge of 
the plains in the silty trough between the Rakaia and the 
Waimakariri shingle fans, where the rainfall varies from 
37 to 40 inches or a little more, the elevation lies between 
800 and 1000 feet, and a fair amount of shelter from the 
nor-westers is provided by the hills immediately behind. 

Site III. includes the better parts of the shingle plains 
as at Bankside, Dunsandel and Burnham west to the Lake 
Coleridge Road, Kirwee, Darfield, and Racecourse Hill, to
gether with the greater part, seemingly of the drier por
tions of the mountain basins as at Lake Coleridge, cover
ing those areas where exposure to the nor-west may be 
termed average, or general. 

Site IV. includes the poorer portions of the shingle 
plains where the loess clay is non-existent as on the north
ern side of the Rakaia river, and at Balmoral; and those 
parts of the mountain basins which may be termed defin
itely exposed to the norwester. 

Site V. is restricted to the mouths of the river gorges 
on the northern sides, where is found a combination of 
extremely poor porous impacted stony soil, together with 
excessive exposure to the nor-westers issuing with concen
trated force from the gorge mouths. 

In discussing the results it must be borne in mind that 
the clay downs, predominant in North Canterbury, and 
found in mid-Canterbury in the Malvern district, have not 
been adequately studied, nor have the mountain basins, 
except for one portion at Lake Coleridge. The data from 
the sand soils is from one area only (Bottle Lake), while 
on the shingle plains no stands were studied east of the 
Main South Road. It is evident, therefore, that even in 
mid-Canterbury more work remains to be done. 
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The results presented however, are believed to show 
general trends, and the following conclusions are believed 
to be supported by the facts. 

In the first place the study seems to bring out the 
dominating influence of exposure to the nor-westers as a 
primary factor governing site. Greater differences in 
height growth seem to be caused by exposure than by any 
other single factor. Thus at Lake Coleridge power station 
18-year-old trees in the shelter of Whisky Gully averaged 
66 feet in height. One chain up the slope in almost full 
exposure the height had dropped to 48 feet. Soil, slope and 
aspect were the same, though it is probable that seepage 
on the lower plot somewhat exaggerated the difference in 
the two sites. At the Point station, right at the mouth of 
the Rakaia gorge a similar instance was met with. Here 
a 46-year-old plantation on two knolls behind the home
stead varied from 85 feet on the sheltered sides to 54 feet 
on the exposed sides. It is possible that the soil on the 
sheltered side was better, as the formation was morainic, 
At Kowai point, however, soil factors were probably as 
identical as may be. Here, on an exposed point right in 
the mouth of the Waimakariri gorge, the trees in the outer 
half-chain margin on the exposed side averaged 78 feet, 
while the sheltered margin and the interior averaged 106 
feet. This is the only case where marginal trees were 
measured. 

The second conclusion, tentatively expressed, is that 
the critical factor in the growth of insignis pine in Canter
bury is that of available moisture. 

The amount of available moisture is governed by 
rainfall, retentiveness of soil, and evaporation and trans
piration as increased by drying winds. The investigation 
shows the best growth to be on a sterile sand in the district 
of lowest rainfall, but on a site where deep root penetra
tion is possible to permanent supplies of soil moisture close 
beneath, and where exposure to the nor-westers is least of 
all the areas studied. Equalfy good growth is recorded for 
the poor yellow clay cf the Hanmer hillslopes, where a rain
fall nearly double that of Bottle Lake, and a penetrable and 
fairly rententive soil seem to offset the heavy transpiration 
due to the prevailing nor-westers. The markedly severer 
temperatures at Hanmer do not seem to have a critical ef
fect. The soil of the plains, a light humus over loess clay 
above the deep shingle beds, is agriculturally much more 
fertile than the sands of the coast, or the poor hills about 
Hanmer, but the low rainfall, porous subsoil, and exposure 
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to the north-west winds inhibit growth to such an extent 
that the best of the plains soils, as good cropping land 
about Kirwee, where the loess over the shingle is about 18 
inches, is inferior to the two sites mentioned so far as in
signis pine is concerned. Variations in height growth on 
the plains vary in accordance with the depth of the loess 
clay over the shingle, and the proximity to the gorge 
mouths. If this is interpreted rightly to mean the amount 
of moisture-retentive soil penetrable by the tree, and the 
comparative evaporation and transpiration caused by the 
nor-wester, a fairly strong case exists for the theory that 
temperature and soil fertility are not critical factors, but 
rather those factors of climate and soil structure which 
govern the amount of moisture received, and the rate at 
which it is lost. 

A YIELD TABLE FOR INSIGNIS PINE IN 
MID-CANTERBURY. 

(J. W. SYME.) 
(An abstract of a special study presented to fulfil the 

requirements of the B. For. Sc. degree, School of Forestry, 
Canterbury College, 1933.) 

The study had for its aim the formulation of a stan
dard or normal yield table for insignis pine in Canterbury, 
though lack of time and transport facilities compelled the 
work to be confined to the region between the Rakaia and 
Waimakariri rivers, except for a small amount of data from 
parts of North Canterbury. Field work was carried out in 
February, March and April, 1933 (in collaboration with 
J. P. Gorman, whose study of height growth of insignis 
pine in the same district is summarised in this issue of Te 
Kura Ngahere.) 

The method used was a variation of Baur's temporary 
sample plot method, the basis of which rests on the meas
urement of the present volume of numerous plots of known 
age covering the range of the species to be studied. These 
volumes when classified as to site and arranged on age, 
form the basis of a series of curves of average yields for 
as many site classes as are desired. Separation into site 
classes may be made on the basis either of volume or oi 
height growth of dominant trees, the latter method present
ing distinct advantages in the compilation of the table and 
its subsequent use. It was therefore adopted for this study. 

Forty-six plots were measured by the writer and his 
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